Supporting asynchronous, discontinuous,
collaborative, complex search tasks
by the visualization of search trails

Von der Fakultat fur Mathematik, Informatik und Naturwissenschaften
der RWTH Aachen Universityur Erlangung des akademischen Grades

einesDoktors der Naturwissenschaftganehmigte Dissertation

vorgelegtvon

Diplom-Informatiker DiplomWirtschaftsinformatiker

Sebastian Andreas Franken

Aus Geilenkirchen, Deutschland

Berichter: Prof. Wolfgang PrinzPh. D.
Prof. Dr. rer. pl. Matthias Jarke
Prof. Dr-Ing. ThomadHerrmann

Tag der mundlichen Prifung: 22. Juni 2016

Diese Dissertation ist auf den Internetseiten der Universitatsbibliothek online
verfligbar.






Zusammenfassung

Diese Dissertation befasst sich rdém Problender mangelnden Unterstitzung von-S
chenden beasynchronen, diskontinuierlichamd komplexeninternetSuchenin individuellen
und kollaborativen Suchszanen. Beispiele fir komplexe Suchaufgaben sind die Planung einer
Urlaubsreise odewissenschaftliche Recherche, bei denen sich das Gesamtergebnis dus indiv
duellen Teilergebnissen zusammenséfigine Analyse verwandter Arbeiten zeigt, dass dktue
le verwandte Systeme besonders bei asynchronen oder diskontinuieltitdreetSuchen nur
begrenzt hilfreich sind. Um dieoFschungsfage AKdnnen Suchpfadé&nterstiitzung fiir k-
plexe InternetSuchenbieten und wie sollteVerkzeuguterstiitzung fur diesen Ansatz aess
her? izu beantworterentwickleich eine neuartige Losung zur Unterstiitzung von asynchronen,
diskontinuierlichen, kollaborativen und komplexérternetSuchen. Diese Lésung bealtet
die Entwicklung einer Wehtowser Erweiterung, welche den Verlauf eifrgernetSuche vis-
alisiert. Dies geschieht als Suchpfad, der die Mdéglichkeit bietet, wertvolle Infornvediorend
der Sucke zu speichern. Ein wbhsierter Mechanismus ermoglicht die Sperting der Sue
pfade auf einem externen Server und den Austausch der Suchpfade zwischen den Benutzern.

Die Idee der Suchpfade geht zurtick auf Vannevar Bush, der sie als Erster im Jahr 1945 im
Rahmen eines Gedankenexperimdmdschrieb Die Idee hatte zwaEinfluss auf die Bildung
von Modellen fir Suchprozesse, fand allerdings nur wenig praktische Anwerkttshgeitwe-
nigen Jahren gewinnt die serverseitige Analyse von SuchpfadaktigtheRelevanz fur die
Generierung von Empfehlungen. Mein Ansatz geht itheseKonzepte und Lésungsansétze
hinaus, indem deSuchpfaénindividueller Wert zugemessen wirBazu unterstitzt gin Sys-
tem SearchTrails die Benutzer, indem es die Mdglichkeit bietet, wichtige Suchresultate in ihrem
jeweiligen Kontext zu speichern drso entstanden8uchpfadespéter fortsetzezu kénnen.
Suchpfade als Kollaborationsartefakte ermoglichen die direkte Kooperation von Benuatzern a
hand vonbesuchten und evaluierté&essourcen und ermdglichemei ungefilterten Einblick
wo bereits gesuchturde, und welche Ergebnisse wo gefunden wurden.

Ich zeige die Effektivitdt und die Effiziemmeines Ansatzes in zwei Benutzerstudien. Die
erste Benutzerstudie zeigt qualitativ die Effektivitdt des gewahlten Ansatzes, wahrendidie zwe
te Benutzerstudiguartitativ dessen Effizienz belegDie zweite Bautzerstudie konzentriert
sichauf kollaborative Suchszenarien und zeigt den positiven Einfluss des entwickelten Systems
auf die Qualitat des Suchprozesses und die Suchresultate. Die Ergebnisse der beigan Studi
ermdglichen die positive Beantwortung einer Reihe von Teilforschungsfragen, die die positive
Beantwortung der Hauptforschungsfrage ermadglichen.

In den sechs Kapiteln dieser Dissertation beschreibe ich die Entwicklismgmpleme-
tierungund die Evaluaon meines Ansatzefie Ergebnisse dieser Dissertation wurdenier
Publikationen auf nationalen und internationalen Konferenzen verdéffentlicht






Summary

In this thesis, | address the problem latking supportfor asynchronous, discontinuous,
and complex web search tasks individual and collaborativeearchscenariosExamples for
complex search tasks are the planning of a holiday trgzientific research: These search tasks
have in common that the overall rés8 composed of individual partial results, which strongly
depend on the searcherds personal preferences.

Especially when these web search tasks happen in an asynchronous or discontinuous way,
my related work shows that current solutions provide onlytédnhelp. | answer the research
g u e s Canaearchitrails provide support for complex web search and how shouldpool su

port look liked. To achieve this, I devel op asnovel sol
continuous, collaborative, complex webarch tasks. | achieve this by implementing the web

browser extension 0Sear cbtsivebasealchebaviovihieselwebv i sual i z e
search trails resemble the course of the userbs

search resudt A webbased mechanism allows the online storage of the search trailsbdata o
jects and the transfer of search trails between users. This way, saved search trails cart-be recrea
ed by the users themselveseachanged between collaborating searchers

The dea of web search trails dates back to Vannevar Bush, who presented it in a thought
experiment in 1945, and was taken up by only a few authors in the meantime. While the idea
had some influence on theoretical models, it was not implemented for a lond/timeepraci
cal research towardbe search trails users leaverihg web search tasks on sergafe dates
from 2010, where seardhails were evaluated on serv@de for generating recommendations.

My approach goes beyond existing approaches as it sydhee uses individual search trail

above generalized recommendations. SearchTrails supports the users in several wdys. Searc
Trails helps users capturing important search results within skeeirchcontext and enalde
catching up with previous searchsuodts. Search trails as collaboration artifacts enable direct
collaboration between users and provide an unfiltered insight where the collaborating searcher
has searched before, awtlereresults have been found.

| showthe effectivity and efficiency of ypndeveloped approach in two user studies. The
first user study qualitativelghowsthe effectiveness of the developed approach, while the se
ond user study quantitativeghowsits efficiency. The second user study especially focuses on
collaborative sealtscenarios and shows the impact of the develggstémon the quality of
the search process and the search results. Based on the findings from the user studies, a set of
research questions can be answered positivalglidatethe main research questiomhether it
is possible to provide support for complex web search by building search trails.

In thethesis, | describe in six chapters the developnthetimplementatiorand the eval-
ation ofmy approach. The results ofy thesis have been publishedfaur full papersat nation-
a and international conferences
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Chapter 1
Motivation and mtroduction

&nowledge is of two kinds. We know a subject ourselves, or we know where we can find
i nformation upon it. o

Samuel Johnson, 174984 (Boswell & Croker, 1831)

This citation of the English writer Samuel Johnsonistmosc i t ed i n i The deri ved
next best thing to knowing something, is knowing where to fiftd tespite its age of around
250 yearsthe citation of Samuel Johnson did not lose a bit of its relevance when thinking about
it from todaysodo perspective. It rather gains mo
time, as the flood of information produced is no more meant to be leaynieeat, but rather
meant to be found on demand. The situation gets even worse when taking a closer look on the
secmd part of J&Khowon@s wb i tsadta mplé task dn itself. &a
ing the vast amount of analog and digital resesa of information, such as books, magazines,
newspapers, portals, databases, and the enormous possibilities of accessing that information via
search portalsnecan easily see that the access to information gets both easier and mere co
plicated at the sme time.This leads to a high fraction of cases where users are unable to find all
desired information at once, but have to assemble valuable pieces of information from different
sources. 8arch enginem these cases wodsdistributois to more specifiportals, in which the
users have to start over again in their quesspecific pieces ahformation.

In my thesis, | describe and provide theoretical foundations and tool support for using
search trails as artifacts for facilitatimpynchronous, disctinuous, collaborative, complex
search tasksSuch search tasks can for example be the organization of a holiday trip, mhich i
cludes deciding for a destination, booking hotels, evaluating transportation options, or the o
ganizationof sightseeing toursSearch tasks like these requsepport for recalling the way of
how a user came to a specifieceof information andalso support for assembling valuable
information from a multitude of different sourcégprovide and evaluate a way to support both
single users dealing with loAginning and unspecific search tasks as well as multiple uders co
laborating asynchronousiguring such tasks. Téthesis shows that it is possible to improve
both the single user and the collaborative search experience byirogtd storing the trail of
navigation through the Web.

Many people nowadays are facing difficulties or frustration when trying to recatt info
mation from a large pool of information on a certain topic. This work therefore deals with kee
ing track of infomation seen during a research task and selecting the best parts of it. It enables
users to handle the overflow of information that was frequetgtscribed throughout history.

Samuel Johnson was not the first, nor the last author complaining about tiet anin-
formation. Moreover, he stands in a long tradition of intellectuals doing so. Many censies b
fore Johnson complained, other authors did so. First hints on an overwhelming amount of i

! Retrieved Noemberl2, 2015 fronhttp://mww.samueljohnson.com/apocryph.html#12
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formation can be found i n et inyesonBtakb hote,of thishok r e i t
the making of boo Bile Edclesiagtetl:12, n.d.YEvea thalGrdelefh 6
losopher Seneca writes in a critical way on the amount of information lattdss on ethics to

L u c i Idiktingit:librodbum multitudé or ¢he amount of books is distractiingit least since

the 13th century, peoptéed to cope with the amount of information by creating tables of co
tent, indices, compendiums, (alphabetical) orderings, or intelligent layouts. Since the invention
of letterpress printing and the resulting strong increase in production of booksyérermore
complaints on the amount of information, and resulting from this, books were published which
collected central parts of other books. During th® déntury, a large number of encyclopedias
and dictionaries were published, trying to organizekihewledge of the known world. These
works were themselves summaries of information, reacting on the information overflow of
those times.

This problem was named the O6information oVe
(Gross, 1964) and was made known to the wide public
Shoc k& (Toffler, 1970) The introductory chapters show that the name of that problem
stands in a centurgld tradition and just forms a somehow normal reaction on the increasing
amount of information of the authoroés zeitgei
cope with that overload. For examp(&ppler & Mengis, 20043how an overview of public
tions on information overload in business literature frbelast 30 years.

It is interesting to note that the aforementioned descriptions of information overload by
Gross and Toffler were created at a time when the Internet did not even exist. Sincenits inve
tion, the Internet has made a rapid development, stifhincreasing growth rates, according to
Mo o r e 6(Moork,d%65) The amount of pages on the Internet is notipely measurable.
Different popular search engines are estimated to have indexed some 45 to 55 billion single
pageé These measurements do not even count the pages of the Deep Web, meaning the pages
that are unreachable to search engines, because thewlavisible after logging in or that are
generated on demand. As this number is even harder to count, no serious estimations can be
made for it(Lewandowski, 2015, p.273 ff.Jlhe reader may just think about pages generated
from photo databases or for calendar entries. Such web services can create almost imfinite nu
bers of single pages, each with a certain amount of information present and valuable to some
user. Thus, the amouat information on the Internet is not measurable, or only by very abstract
means. Many pages and platforms try to attilaetuseis interest, and to almost every page or
platform one can find a page or platform offering identical or very similar inforomato the
user. The question if certain information exists on the Internet more and more shifts to a quest in
finding the resources where this information is available. This results in the problem of invest
gating where the best version of a piece ofrmfation is available or where the desired info
mation is available in the highest quality. Frequently, identical information can be found in
many places on the Internet, for example because it is simply copied from Wikipedia, but only
few resources preseittformation going beyond that. This links back to the second part of
Johnson6és <citation. Even i f a piece ofis i nforr
most certainly not that complete that it covers an informaimedin its entirety. Othefacets,
relatedpieces ofinformation,or additionalfact could be foundmthe Internet and help enhic
ing the unique information to become even more meaningful for the user.

% Retrieved July 06, 2015 frohttp://www.worldwidewebsize.com/
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This short historical overview shows that ffreblem of finding informatioralways seems
to be a child of its time, and the term o6l nfor m
century old problem. In every century, solutions were developed to cope with the acteal repr
sentation of that problem, meaning to make the amofumformation manageable for thes-u
ers. It seems that there is no final anefalliilling solution to the problem itself, just a chance to
cope with it anew. The main means for coping with the amount of information has never been
simply reducing the ammt of information, but creating new means of addressing andgnana
ing it. Those tables of content, alphabetical indices, dictionaries, compilations, or faceit classif
cations were the means to structure the ever growing amount of information. A histeereal o
view of approaches for summarizing and compiling texts and books is presen(@iin
2010b) (Blair, 2010a)s ummar i zes this as o6 é] it eithat preci sel
selection and summarizing get all the more valua

The Internet offers an overwhelming amount of information, which easily poses cognitive
processing problems to users of all disciplines. Within the contexedfi¢isis, | investigate and
use tehnologies of the Internet, such as search engines, browser extensions, search portals, or
databases. Some of these technologies may be helpful when it comes to finding desired info
mation, or can give hints on where a piece of desired information maycaed. However,
none of these technologies can make the decision how meaningful a piece of information is for a
particular user. So the decision about the amount, quality, or meaning of information still has to
be made by the user. To enable users to rit@dge decisions and to pick the correct information
sources to address their information need, they need to possess a key qualification, which is
call ed o611 nf o(Gapaki & Tekster|] 2009 eprla)seystneed to be able to disti
guish the relevant from the irrelevant information. To some extent, almost all users are able to
do so. However, even ifsers are able to avoid getting lost in the space of search engines and
meta search engines, portals, forums, link collections, or recommendations ane toashg
dress their information need in a satisfactory way, the question remains open, how found inf
mation is processed. Most of the information found during a web search task gets consumed
once, and the respectiweb pageayets closed in the browser and its address is forgotten therea
ter. The address containing the precious information is still saithéh the browser history,
but it is saved undistinguishably together with lots of addresses of irrelevant information. The
actual content is always lost. This kind of behavior can be called a throwaway seareh. Som
times the users may place a bookmarkpogcious pages, but this still imposes an effortref o
ganizing those bookmarks. Similarly, limiting the scope of information being presented to the
users by some filtering methods cannot be a solution, as this means intentionally hidarg avalil
ble informaton fromthemT hi s has been descr i(Pagser,281d) t he o6f il te

Most probably, the users may want to get back to search results they have reached a while
ago, maybe because some details were forgotten, some new facet of information is desired, or
because somee else asks for advice on a topic that was searched before. However, they can
only rarely go back to bookmarks or the browser history, as the website addresses are forgotten
or thebrowsercachegetscleared. Frequently, there is no other chance to gt toasearchea-
sults than to start the search anew, remembering initial queries and trying to find the way back
to the relevant pages. The experience Withsearch topimay help to perform the search faster
this time than it was done before. The browsistory is only of limited help, as the website
addresses are not the main source of information and are therefore forgotten by the user. Add



tionally, as the history fills up with more and more information, the relevant addresses may lie

back in time olare completely forgotten by the browser, or the user has visited so many pages at
a specific host that they cannot remember on what specific page the desired information was
available.

In acaselike oliday planning the user does not look for one sifiecbit of information
that can be assumed to be somewhere on the Internet, but looks more for an mfeaviepic
The information need gets ever more complexing the search proceds suchcases, there
cannot be a single result page covering tiferimation need and it is not possible to form the
one optimal search term that could lead directly to the desired result. A long web search will be
initiated then, trying to cover different facets of the information need and forming a picture of
theresut wi t hin the us ercoendciousmesssAt theand of sushsa regsearchs u b
task, therearea number of web pages, each covering a certain aspect of the information need,
and a lot of thoughts trying to make sense of gathered information. Stioahinformation in
its entirety is a very hard task wuntil now.
browser after a complicated research task will result in losing all tabs and its contextual info
mation. Refinding the results will then getven harder than in the case of the more simmple i
formation need, as the user often only remembers that a certain result was found, but not where
it was found. The problems inherent with throwaway search get very obvious in these search

cases. Ann M. Blajr a Harvard history professor, demanc
reading and experience, so that we gBla@r, not r
2010a)

Finding information anew within a large pool of similar information is also aglefor the
described search cases. The search for information in online communities, forums, shops, or
small ad portals, in which contributions of many users are collected and published forsether u
ers lead to a replication of similar information in higkhrious levels of quality. Forums may
have similar threads, each spanning dozens of pages when it comes to high numbers of contr
butions. Many shops may offer the same or similar products in several variations. Question a
swering forums may provide lotf different answers on a specific question, and only the user
can figure out what portion of these answers matches their personal information need. During a
long web research task, users may have gone through a lot of similar information, trying to
make gnse of it and to judge its quality. In most cases, only a small portion of information on a
page is relevant for the user. The web browser would now save the address of the page, which
would lead the user back to the page in its entirety, again posimgfdaineof qualitative sele
tion to the user.

A web search task will therefore regularly force users to figure out the most important
pieces ofinformation from a vast amount of similar information, and to create their personal
search result from that. This selection process is always done at least mentally, and very rarely
in a computer assisted way. However, this part is importanglpisthe overall search resulo
be more than the sum of its parts. When it gets lost, may it be mentally by forgetting the search
details or by not even being created, the damage is done. In such a case, a search would have to
be done anew, forcing the users tolack to all the sources of similar information and start the
selection process again. Other people with similar information needs also cannot relyesn the r
sults that other web searchers gained earlier. Exchanging selected and qualitatively highly val
able information users have created during their searches could have saved whole search pr



cesses. This would help users to rely on similar search results and build upon them, refining
them with their personal interests, steadily improving the overall gusdlihe result.

In my thesis, | cover the problentkescribedand work on the topic of developing a pess
bility to storelarge web searcprocesseand make them exchangeable. | develop a system that
enables the emdction of a large set of pieces iaformation of variougjualitiesinto a highly
qualitative set of logically connected information. Its approach is based in equipping the users
with digital tools which enable them keeping track of a web search and saving and structuring
its results. This helpsoth showing the full amount of information to the user, and enables the
exchange of web search extracts between users.

1.1 Motivating scenarios

This subchapter presents three motivating scenarios, which sensitize the reader for the
problems tackled in @ithesis and provide a practical glance on possible application cases of the
envisioned system. From these scenarios, | eixth@ research questions of tiesis. The s
narios describe three situations where the system being developed would be neededvith cop
the problems of the described situatiofke first scenarialescribes a situation where a user
wants to get familiar with a certain topic. The second scenario describes a situation where a web
search neexlto be exchanged between collaborating wosk The third scenario describes a
situation wherea web search process is interrupted and needs to be continued later on.

1.1.1Scenaridl i Capturing a search process

Frequently, users face the challenge to get acquainted with a topic they are interested in,
but they do not know much about until that point in time. The information need in these cases is
mostly complex in a way that simply looking up a term in a dictionary or in an encyclopedia
does not fulfill the information need. Such information needs eatripgered by various ae
sons, such as the topics of reports, TV programs, names of places, products, or persons which
make their way to the usersé6é attentiom-during a
formation.

Looking up the interesting topio the Internet may help to fulfill the information need in
such a case. A large share of users will start their search by consulting a search engime and ty
ing in a simple representation of their need in a few words. Up to that time, the information
needitself is not well specified; the users only know that they want to acquire some knowledge,
without having an idea of the actual details they want to know.

Consider for example the case of a student named Chris, talking to a colleague im-an insu
ance compay about coffee consumption. During a watercooler conversation about the quality
of coffee in the office, it tumout that the respective colleague knows a lot about coffee. He
mentions the names of certain coffee varieties and methods of preparatorhwhi ai ses Chr i s
i nterest . Due to a | ack of ti me, the conversat.
Back home, Chris remembers the conversation with his colleague and starts investigating. As
usual, he starts his searthGooglewiththe query O6cof fee preparationé.



page returns approrately 90 million results for that querynumbers fromNovember2015).

Thequew firstreturrst he | i nk of the Wi kipedia artoicle on
vers a lot ofdetails, elaborating on the whole process from green coffee beans to-a well
prepared cup of coffee, explaining roasting, grinding, brewing, and extraction. Other topics on

that page are common brewing methods and presentation. The student remembdesagisecol

both talking about the correct choice of beans, in a way that some varieties should be preferred
about others, and choosing the correct preparation method.

From these topics, he digs into bean varieties first. To find out more about that topic, he
moves from the Wikipedia page on O0Coffee prep
page tells himmore details othe economically most importabeanvarieties He learns about
distinguishing the varieties and the different origins of coffee. Riat e digs into Youtube,
trying to find out about different methods of coffee preparation, using for example Italian coffee
makes. He finds lots of videos in very different levels of quality.

He ends his search at this point, having the feeling to faawved out a lot about coffee
preparation. A week later, he gets the chance to buy an Italian coffee maker in a stoe. This r
quires him to go back to his acquired knowledge about choosing the correct granularfty of co
fee powder and on coffee preparatiémthis point, he faces the problem that he can remember
to have seen a certain piece of information that would help him with selecting the proper coffee
powder for his machine, but he does not remember where he saw it. He can remember some of
the Google geries he entered before, but the searches return different rébuisthe search
engine provides no orientation in the space of known resources anymore now. He makes similar
experiences with the videos he has seen: Some videos were helpful, somalinbleatemen-
bers having found all the videos on Youtube, but which were the helpful ones?

This scenario shows some of the problems users are facing during complex sear@h proces
es when they are not supported by external tools. Users want to captuheresalts andni-
formative facts on a topidjecauseplain bookmarksareless helpful in some cases. As search
engines alter their result sets frequergtfy Lewandowski, 2015, @p.6) performing identical
querieswill probably not help with refinding known resources. Some users may try to find
ways to overcome the flaw of missing support, suchesstigating their browsing history or
saving links as bookmarks, some may pasformation into text documents or take soree
shots. However, all these approaches do only capture fragments of the context and will fail
when the value of some information is appreciated after a resource was left behind. This is the
point when capturinghe trail of a search can be of great value, as it offers the chance to get
back tothe context of certain point from a previous search and to extend the search from this
point, thus overcoming the flaws tie browser history or bookmarks.

1.1.2Scenario 4 Exchanging search results

Consider the context from Scenar.i oetsttig- wher e
gered by talking to a colleague who is really into coffee. Chrissséartextensive Internet
search to build up some basic knowledge aloffee preparation and Italian coffee makers.
Some days later, Chris talks to a friend hamed Carol about coffee. He starts explaining that he
just dug into the topic and wants to learn more about it, as he is how sensitized for that topic.



Carol explainghat she has just bought herself an Italian coffee maker and now wants to get it to

work properly. From his previous research task, Chris can tell her that a number of coffees have
to be made without cleaning the machine to somehow initialize it anddget the machines

initial metallic taste. Carol is unsure about which beans to use in that machine and how fine to
grind them, and how much coffee powder to put into the machine. Chris can remember having
seen a video in which someone put coffee powdertime machine made some remarks about

it, but unfortunately, he cannot remember which video it was.

During that conversation between Carol and Chris, some information from some previous
search is recalled. This information was found by Chris and getsimedhwith information
from Carol. It turns out that Carol has bought the coffee maker without having acquired much
information about it, and Chris has already gathered a lot of information during his search. Du
ing the conversation, some information carrdxalled, but especially information from thelvi
eos cannot be described easily. Similarly, it is hard to recall the names of the helpful videos, as
most names are very similar or even identical. So the information that was gained during the
search seen® be lost for Chris, and it is very hard to transfer it to Carol. Even harder; info
mation about pages that were not helpful at all cannot be transferred from Chris to Carol. This
information is not remembered by Chris, but could help Carol to get iattoffic more eff
ciently.

This scenario shows the problems with transferring search results and whole trails of web
search. It is obvious that Carol could have gained a lot of knowledge if she could have seen the
results that Chris found helpful, and thiaalso would have been helpful to see what pieces of
information were not leading to the fulfilment of the information need. If Carol could have

| ooked over Chris6é shoulders while doing the sea
information, lut would have needed as much time as Chris needed to do his research task. A
compound of Chrisd search results, collecting th

ueless resources would help to share the desired information rapidly. This hapsdtdme

consuming detours on valueless resources. Capturingptirese of a complex web searclofpr

cess as &ail would offer possibilities like the ones described: It would be possible to see the

whol e course of anot he tourpandvaloablgieses sifamatoh,, wi t h al
but could also keep the individually marked valueless resources. All this information could help
collaborating searchers to catch up with a previous search and avoid redundant work.

1.1.3Scenario 3 Continuing a search

While Scenario 1 and Scenario 2 describe a purely intdresn complex web search, this
scenario shows an application case frprofessional domain. Same as in the private context,
complex search appears frequently in professional context. Cortsédapplication cse from a
biomedical researcheCancer prevention research has in its first stages not much to do with
clinical experiments, but much more with the formulation of hypotheses and a search for ev
dence that could confirm or disprove thbsg pot heses. An exampl e hypot he:
of Arabica coffee in the evening hel psb- preventi |
stances in Arabica beans can have a positive influence to certain cells overnight. Immediate
clinical tests wold be labor and cost intensive and run the danger that similar studieslhave a
ready been conducted tonfirm other hypotheses. However, the body of biomedical literature



is vast, and lots of resources exist to gain further theoretical insights. Sogh& res her s 6 f i
way leads to the Internet to find out which data is available to prove the hypothesis right or
wrong. One possible path of research cdadthe following:

f Starting with the 6 Nathdreseascher ldokstor the aeti o f Me
ingredients of Arabica coffee beans by se.
that both polyphenols and ellagic acid are present within the green as well astthe roas
ed coffee beans.

9 After that, it should be found out whether there is datadbiald proof a toxic effect of
substances in the roasted coffee beans. In that case, the hypothesis could be discarded
immediately. There are three resources for that kind of data on the Internet: DSStox
StructureBrowser DatabadeDrugbank, and ClinicaTrials.goV.

 Now it needs to be checked if there are substances in roasted coffee beans that could
damage or alter human DNA. Hints on that may be found within the KEEG Pathway
Databas€or the GeneOntology ddiasé.

1 Next thing to investigate is whethdrere are substances in roasted coffee beans that
could cause cell death. That information can be found within the TOXNET Database
by searching for substances that appear in roasted coffee beans that strengttien the a
tivity of some specific genes but reduthe activity of other specific genes.

1 A further step would be to search for similar publications within the databasdoof Pu
Med', in which a large share of medical research publications is filed. Typically, pu
lications in PubMed are searched by theiivacingredients. The desired publications
should answers gquestions |ike 61l n which d«
far?6, OHas this active ingredient been t e
been proved with that active ingredi¢ s o f ar ? 06

At this point in time, the researcher gets interrupted by an urgent experiment. A time crit
cal analysis has been completed and reiguires
nation would further alter the cell cultures in the ottveperiment. Therefore, the researcher has
to interrupt and abandon the already begun search process. The interruption takes a long time,
and when the researcher comes back to his computer the next morning, most probably the data,
but at least the cognitie cont ext of yesterdayo6s search is
time to extend yesterdayds seawabpagesiBlost. t hi s s

On the one hand, this research task is labor intensive, but as there is no single information
source supplying all that information, all these simgkees ofinformation have to be collected
to form a larger picture. On the other hand, it ensures that as much information as possible about
the substances, their ingredients and their effect anglierganisms is collected. This helps
avoiding unnecessary work and bases the current hypothesis within a basis of related work, and

% Retrieved May 24, 2015 frofuttp://www.nlm.nih.gov/

* Retrieved May 24, 2015 frofmitp://epa.gov/dsstox_structurebrowser/
® Retrieved May 24, 2015 frofmttp://www.drugbank.ca/

® Retrieved May 24, 2015 frofmttps://clinicaltrials.gov/

" Retrieved May 24, 2015 frofuttp://www.genome.jp/kega/pathway.html
® Retrieved May 24, 2015 frofittp:/geneontology.org/

° Retrieved May 24, 2015 frofttp://toxnet.nim.nih.gov/

1% Retrieved May 24, 2015 frottp://www.ncbi.nlm.nih.gov/pubmed
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therefore saves money. As such it is of high importance to do this preliminary researah as tho
ough as possible. Howevehis process can be arbitrarily complex and include more resources

if it comes to more complex hypotheses. It is possible that this amount of information exceeds
the cognitive and temporal limits of a researcher, such that the complex search procebs has to
interrupted and continued at a later point in time, or maybe by another researcher, e.g. when
another wurgent experiment requires the researche
ongoing search process. Whether a search process has tteh@edxgets obvious during the
search and cannot be planned. As complex searches are very rarely completed withéa one se
sion, classical throwaway searches may not be the right means to cope with those questions.
Researchers may be interested in captutitegmain results of their searches to be available
when the search process shall be resumed. The same is true for exchanging a seareh task: R
searchers might want to capture the main results and the reslaatdag valuable information

for exchanging theearch process and to avoid that their colleagues run into the sarendsad

as they might have done before. In this case, capturing the trail of a search would enable users to
store the searcprocessand could provide a way to mark valuable and vakgefresources. A

search could be stored and abandoned, and be recalled at a later point in time or exchanged with
a colleague, who could easily see where relevant information has been found.
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Figure 1: Schematic view of the concept of the notetaking boundarfAula & Russell, 2008)

The scenarios are exemplarily for a large humber of individual, complex search tasks. All
types of users are confronted with such problems when they take the Intearetrdsal source
of information. At the end of their searches, users face the challenge of storing or remembering
the valuablepieces ofinformation as the amount of information necessary to fulfill the rinfo
mation need exceeds the cognitive procesdmigias of the usergAula & Russell, 2008t a-
egorize search tasks by the abstractness of the search goal and the complexity of the necessary
search moves. If the combination of both exceeds a certain individual layetfsiiecessary to
support he search process bgkingn ot e s . The authors calll this the
Figurel, more details in Chapt&:2.1). In my thesis | developsupport for search cases beyond
the notetaking boundary amdesent an approadbr capturing the trail through the Internet as
an information medium, capturing detours as well as core results of a web search.



1.2 Motivation

By the work done in thithesis | provide support forhe problems described in thigree
scenarios. Iy thesis | déver a tool supporting users dng extensive web seargitocesses
by capturing valuable informatiocas well as the context ofsearch My approactboth delivers
shortcuts to resourceb u t al so pr eMakingare sising shartcugsxskillfullynal
responsibly requires judgment, toBlair, 2010a) The three scenarios exemplify how users
may want to interact with search results and help identifying challenges in the descriazed situ
tions:

1. Scenario 1: Capturing a search process
In case of the coffe preparation search, the information need is not very unique, which
results in an overwhelming amount of search results of various qualities. Therefore it
could be very useful to capture the search and the valpedgles oinformation found,
such asnformative videos, articles, and other information details within their context.
These pieces form a trail of visited resources and a set of relpwaes ofinfor-
mation. Annotating the found resources would help the user to further specify the value
of a resource or to describe the contained information in brief words. For example,
whether a video provides only backgrounfbrmationor isaninstructioral video.
The challengeraised by this scenario is tleapturing of search resultswithin their
context, going beyond plaitbrowsing history obookmarks It can be extended by the
marking the more and the less valuable search results.

2. Scenario 2: Exchanging search results
This leads to the second scenario, in where thectleaguedry to share theirnfor-
mationabout a topic and want to point each other to useful resources. It would be very
helpful for persons being new to a topic to dig into the search results other users have
generated before, especially when the users know each other and canotdlla ab
sear ch. However, even if they do net know
sults may point users to completely new aspects of a searcm#yayt have thought
about. Apart from reenacting a given search, users provided with search vesuilt
soon start to discover personally interesting aspects of a search. In the described case,
Carol would be interested in a video manual for her model of that coffee maker. She
would enrich the existing results by information on her specific mod#ietoffee
maker and as such add a new aspect to the overall results.
In this scenario, thehallengeis in enabling the exchange of search results between
known or unknown collaborators to achieve asynchronous collaboration.

3. Scenario 3: Continuing a searh

In the third scenario, the biomedical researcher starts a complex search on aeewly d
veloped hypothesis. A lot of results can be collected by browsing through the known
databases, and most certainly, other aspects of the hypothesis would be disaavered d
ing the search process and add to the search. This growing body of information is
stored automatically. When the researcher gets interrupted by an urgent task; the pr
cess of information gathering gets stopped. When takintheigearchprocessafter

sone time, theresearcher would have to update the gatharfmationto see if new
findings have been published in the meantime. The browser would treat all visited sites
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equally, and store the addresses of both the relevant and irrelevant sites. WWithout t
support, the researcher would have to replitatge parts othe search task until the
necessary information basis is built up again, which enables the researcher to dive
deepeiinto theinformationspace

The third scenario raises tlolallenge of resuming and exchanginginterrupted
searches and enabling the updating ohformation on a certain topic.

The described scenarios stand exemplary for a large number of search activities. $hey illu
trate three challenges arising from problems connectedetadaarch for information with at
first T unspecified information needm this thesis| develop, implementand evaluate arpa
proach to overcome these problems by capturing search results within their context, making
them reusable, extendable, androgjucible. This combination is the main, new feature of the
implemented systenMy approachenabés exchangng search results between known or-u
known collaborators to achieve asynchronous collaboratiad allowsresuming interrupted
searches and enalgirthe updating oinformationon a certain togi On the one hand, thipa
proach captures search results of particular users, and on the other hand, it leaves freedom to the
user what to search and which results to pick for a personal collection. Thi§ aatarch -
cess cannot be done automaticajtelson, 1994nhamesthe selected informatiod per sonal | y
meani ngf ul i nformationo.

In addition to the challengeterived from the scenaripbwant to highlight themportance

of the concept of O6information | i tletoobhsolw & f or t he
ing the challenges improveser discovery, selection, and capturing of informatodraises
the usersédé information |literacy. This is defined

respect to a certain problem, and to discover, acquire,aealand use that information affe

t i v'&(rapstated from the German source(i@apski & Tekster, 2009.13). The origin of

the term 6informati on -Ameticenreducatiod systen fronatheelale on t he
1 9 7 @dgseld, 2005, p.10)and was airad towards the efficient use of libraries. Patricia

Breivik describes information |iteracy as O6éan in
and resources. [ é] I nformation | iteracey i s devel
tal,andaci t i cal eval uati ve (Breiekwl98bf In thehBmglishant er i al fo
guage ar ea, some models of 6éinformatiom skills p
ing a set of steps as key in the process of gathering and evaluating information. An ogérview

three models of information skills is given {Risenberg & Brown, 1992)contrasting some

models of information literacy. In detail these are the definition@aohlthau, 1991)(Irving,

1985) and(Stripling & Pitts, 1988) As the authors detect certain overlaps and similar concepts

in each of these three models, they contrast them with the model of information problem solving

from (Eisenberg & Berkowitz, 1988from this model, some human abiltiean be derived

that seem to be central elements of information literacy:

9 Task definition,
1 Information seeking strategies,
9 Locate and access relevant information,
i Use of information,
Y Germanoriginoftaci t ati on: [l nformationskompetenz ist die ]6

auf ein bestimmtes Problem Informationsbedarf zu erkennen, Infomeatzu ermitteln und zu
beschaffen sowie Informationen zu bewerten und effektiv zu niyire(Gapski & Tekster, 200$.13)
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1 Synthesis of information, and
9 Evaluation of information.

Teaching information literacy gains a growing role in society: In 2009, the month October

was declared the O6National [|'"byUS RresitlentBarack i t er a
Obama, having the goal to o6learn the skills
mation for any situaticdh> The 6 Nati onal I nformation Literac

need for all Americans to be adept in the skills necessary to effectively navigate the Information

A g ¥.8However, information literacy cannot be decreed orpred, but is the result of a s#t

personal abilities and their technical support. Especially during the process of searching, this
support is usually not satisfactofWeitz, 2009)and needs tde improved. Therefore, also
technical tools can be of a Henldp cteod *Engasbd | e oy
lish translation of a German citation frafimgold, 2005, p.39) Especially during search gr

cesses, users are depending on a combination of cognitive abilities and technical tools. Impro

ing the tools helps to augment cognitive abilities of the user and helps to optimize the overall
results.

This thesighusmakes an impact on assuring and improving a modern key competency, by
developing, implementingnd evaluating a tool that supports the process of web search. This is
achieved by supporting the users to save the context of web searches as well as synthesizing key
findings for later reuse, evaluation, extension, or exchange with other users. Tehatefgr-
ports core elements of information literacy, such as the location, use, synthesis, and evaluation
of information. At the same time, it enables users to rely on former web search results when pe
forming repeated or similar web searches.

1.3 Goals ofmy thesis

The senarios described earlier hdlgentifying userchallengesFrom them, the overall
goals ofmy thesis can be deduced: Users shall be supported during and after their complex web
searches byhe possibilityto save mairsearchresults as welbhs the context of tlse results.
This includes the possibility of recovering the segrattessand context after a time and being
able to extend the results or share them with other users to support asynchronous collaboration
by relying on previously gemated information networks. In this thesisdevelopa concept,
implementa system for that purposand evaluaté.

| take up the core idea of building and storing trails during web search. To achieve this, the
usersod6 interact i otobewapturdd andhraensfdrmet iato axneetiningfud-\vdsd s
alization, to ensure that users are able to understand this information and draw conclusions from
it. The envisioned system would also need to provide possibilities to interact with the generated

12 Retrieved Noemberl7, 2014 fromhttp://www.whitehouse.gov/the press_office/Presidential
ProclamatiorNationatlnformationLiteracyAwarenessvionth

13 Ibid.

14 bid.

!> German origin of this citatiortHerausfilhrung des Menschen aus seiner technologieverschuldeten U
fahigkei(Ingold, 2005, p. 34
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information, such as marking both valuable and valueless resources. For easing collaboration,
ways to share search trails have to be found.

In order to achieve tool support for asynchronous, discontinuous, collaborative, complex
search tasks, | analyze searchgasses with the help of theoretical modeidevaluate related
systems for logging search and for supporting collaborative sdadelrelop a concegor my
envisioned system, implement it, and evaluate it with both quantitative and qualitative dser stu
ies.

Adding to these higtevel goals of the thesispmie basic requirements for the envisioned
system can be derived from the scenarios, as they describe the most basic sequences of intera
tion with the system. These requiremetrds alreadyserve as @asis for the review of the refa
ed theoretical work or systems, but also as a basic scheme for the later evaluation of the system.
The requirements are:

1 Saving the context of a web search: Store the course of a web search, with all its paths
and detoursThis includes relevant and irrelevant information, both being visualized
for the user.

1 Visualizing the course of a web search: In ordgoresentall collected information to
the user, a form of visualizing the web search has to be chosen that eades/aisaa
tion of the course of the web search.

9 Saving resources during web search tasks: Store personally meaningful information
during web seara@swith minimal effort, save it for later user for sharing between
collaborators, or for evaluation.

9 Pointing to resource®oint users to unknown, but relevant topics during web search
provide a mechanism to extract topics from web resources and visualize these topics in
a proper way to the user.

1 Continuing web searches: Enable the continuation of seeloches by storing the web
search remotely and persistently and provide a function to recreate the web search from
that information.

1 Exchanging web searches: Enable the exchange of web searches between collaborators
by a simple mechanism

1 Lightweight tetnical support: Ensure that the search support tool wiorks light-
weightway, avoiding major installation efforts or an overwhelming scope of functions.

These requirements already form a first picture of the envisioned system. They cald be r
alized bothby a desktop system or an Internet browser plugin, accessing an online storage that
stores the web search data objects. Apart fraesehechnical requirements, tthesis alsori-
vestigates how users interact with the envisioned systent@rfitmsthe sytents effective-
ness and efficiency.

1.4 Research questions

The research questiohslevelop in thissubchaptereach from rather technical questions to
questions regarding the interaction with the system as well as the collaboration between users
with the hep of the system. The overall research questiompthesis is:6 @n search trails
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provide support for complex web searh and how should tool support look like’d The term
6compl ex web searchd covers the cas@mpex di scoc
searchA | | centr al terms of the thesi s, such as ¢
searchdéd are ®Pined in Chapter

This research question can be divided into a number of smaller questions, each spanning
one aspect of it. The firgiroupof research questionR@Q 1 & F e g dealb with the fgaé
bility of offering support for complex web search taBksconstructing search trails order to
ease referencing the research questions throughout the following chapters, each resgarch que
tions is assigned a short name.

T RQ1.1 6Search trails wvalid?6
Aresearb trail s a means to resemble the cours
An answer to this questiowill be found by a combination of literature review, skarc
ing for systems that have taken this efforif existingi and by implementing and
evaluating such a sysn.

T RQ1.2 O6Which functions?5d
Which functions does a system need to offer to the users to support capturing both the
context as well as key findings of a web search?
Answers to this questionill be derived from the chapter of related work, in which the
analysis of concepts, modetnd related systems lesb a set of functions to be-o0
fered. Verification of the decisions made can be found during evaluation.

T RQ1.3 6Provide help?6
Does a systemith the functions from RQ1.2 provide help and support for usears du
ing complex search processes?
This question is answereadth in initial evaluation where users are shown the system
and can gather first experiences with it.

Questiongroup RQ1will be answered with the related workGhapter 2the evaluation of
the related work irfChapter 3and the results of the first user studyGhapter5.1 | develop a
system called é6SearchTr ai |l s ndguestion ggpoopsR@&hei ng t h
secondgroupof questionsR Q2 6 \) advarsethie value of search tradls artifactsn indi-
vidual and collaborative search scenarios and their impact on the quality of search processes.
The system O0Sear c thérrtcmandwer bhe iesearch guadtianaftom duestion
block RQ2.

T RQ2.1 6Ease complex search?9b
DoesSearchTrailshelp users coping with complex search tasks?
To answer this question, the concept of complex search tasks has to be split up into its
single components with the help of theoretical models. If the system can help with each
of the core components of complex search, it does also help the users wbhemipgrf
complex search in general.

T RQ2.2 O6Ease continuation?f
DoesSearchTrailshelp users with continuing web searches?
This questionwill be answered with a second evaluation, in which this case can be
tested among a set of participants.
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T RQ2. 3 6 Eamad&k i snggr?sd
Does visualizing the course of a web search help with understanding what other users
have done during a search?
This question is answered aftesecondevaluation, when the results get evaluated by
recreating the vishesl paths of the usersoé6 se:

T RQ2.4 O6Ease coll aboration?5d
DoesSearchTrailsease collaboration between users by exchanging web searches?
This question is also answered during a second evaluation in which web searches are
exchanged between users.

T RQ2.5 o6Lightweight?6
Is SearchTraildightweight enough to be attractive for users?
This question can only be answered on a retal, most likely by personal opinions
of the users towards the system. Thereforeyilit be answered by asking the users
about the perceived lightightness of thémplemented system

Questiongroup RQ2will mostly be answered by the study results from the second user
study of tle thesis in Chapteb.2 However, some of them caartially be answered by the
analysis of related models and systems, others by evaluating an implemented prototype with
users. This neado be done multiple timess the thesis follows an iterative approach ofeo
tinuous learning and improvement of the prototype.

1.5 Contribution ofmy thesistowardsthe topics ofm-
formation science

In order topoint out thethesi® contri buti on towar dsgsonséthe state ¢
ence,it is helpful tofirst embedit into thetopicsof information scienceesearchThis embd-
ding is not always possible in an unambiguous way, but shows intersections with topics touched
and therefore helps detg an impression of the releviaresearch areas. This subchapter embeds
this work into the four large subareas of information science. After that, | evaluate how-my th
sis fits into the Computing Classification Syst&rfCCS) of the Association for Computing
Machinery (ACM)and point outhe research contribution of my thesis.

This work toucheshree of thfour subareas of core computer science, which are tleoret
cal, practical, technical, and applied computer sci¢Bchuber & Schwill, 2011, p.5 ff.) In the
field of theoretical computer science, dealing with the research and development of algorithms
for the theoretical representation of processes, the foundatiomg thiesisare located. The &
ory of graphs and thalgorithms calculating their properties can be considered being parts of
theoretical computer science. The area of practical computer science covers the development of
solutions and the translation of machindependent program code into machine coderabpe
ing systems or database concepts. Within this work, the development of software prototypes,
data storage concepts and the transmission of data between parts of the software system are |
cated within the area of practical computer science. The areahwfical computer science is

16 Retrieved Noember20, 2014 fronhttp://www.acm.org/about/class/class/2012
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less visible in this work. This area covers the development of all technical tools helping to rea
ize computer systems. Of course, hardware is used for this work, but it is not concerned with
developing it.The area of appliedomputer scienceeals with supporting work processes by

the means of computers. As the main goal ethiesis is concerned with enhancing the process

of web research by developing a suited tool for this application, this work can be considered
being locatdprimarily in the field of applied computer science.

The researciiocused ACM classification was introduced in 1964 and faced seweral r
finements in the years 1991, 1998, and 201#s classification was set up to classify puilic
tions with relation tacomputer sciencand is well appreciated sindéor my thesis,| usethe
2012 classification systerl{. For this version of the CCS, thare numbering systeraxists yet
The ACM classification tries to structure the vast landscape of computer sciendaréténa
providing thirteen categories frodeneral and referengetouching topics likeHardwaré
ANetworkanddrheory of computatioband leading t@Social and professional topécaVithin
this classification, ththesis can mainly be located inteettopics ofdnformation systenand
Humancentered computirig

The topic o6l nformation sy otpemsd o whbhaihvidod
Webd and o6l nformation retrieval déd are most rel
t o pWeb searching and information discovery s hows the | arge®t inter
sis. Although this topic is then divided into six further subtopics, the best match emerges with
6Web searching and itselfn MyothresisacbntributeSedrch¥adspavsef+ y 6

ware tool enhancing the us amdamfrmaidnidisdoveripye s i n ¢
pointing towards relevant keywords during the web search pragdéss. hi n t he topi c ¢
Wi de Webé, a minor i nt er sdebtloganalysi® mé nrgeas ewi tulm c
the topic 6Web miningb6. My thesis builds wupon

way for users taefficiently evaluate and anatg wnfiltered search traildVithin the subtopic

6l nformati on mdterisewvwali @,n & mair Gaaboraive searcli .he sub
My thesis contributes a novel way of collaborative search by exotngfiltered search trails

and the continuatgearchtraole t he coll aboratorés

I n t he t opdetered dompiitgubmana | arge i ntersection
d@omputer supported collaborative work§ as my thesis describes a way of asynchrooolds
laborationbetween searchers, allowing them to dive iata ¢ h  @darcheresblts and build
upon previous work. Ani nor i ntersecti on dnfoematpre\ssualiza-t hi n t |
tion& With the concept of search trailsy thesis contributes a novel way for \a$iming both
the course of the wuserds navigation tuesough t
found during the complex search process.

Table 1 summarizes the aforementioned categorizatiod research contributiorend
helps matcimg the intersected topics from the CCS to the topiagayfthesis.

17 Retrieved Noember20, 2014 fronhttp://www.acm.org/about/class/class/2012
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Table 1: Intersection of topics betweermy thesis and the ACM 2012 classificatiomand research contribution

Topic from the CSS Intersection | Research contribution ofmy thesis

T h e s \Saalclelmil§ @nhancing
the userso6 abili
Large search and information discovery by
pointing towards relevant keywords
during theweb search process.

Information systems

A World Wide Web

A Web searching and information
discovery

Information systems

A World Wide Web Search trails fier a way for users to

Minor efficiently evaluate and analyze unfi

A Web mining ;

A Web log analysis tered search trails.

Information systems A novel way of collaborative search
A Informatlon retrleval ' Minor by exchangwg unfiltered search trails
A Users and interactive retrieval and continingt he col | ab
A Collaborative search search trails.

Humarcentered computing

A Collaborative and social computin A way of asynchronous collaboratior
A Collaborative and social computin Large between searchers, allowing them tg
theory, concepts and paradigms 9 dive intoe a ¢ h  sdarbheresudts
A Computer supported collabora- and build upon previous work.

tive work

A novel way for visualizing both the

course of the us)|
Minor through the Web as well as pointing
out valuable resources found during
the complex search process.

Humancentered computing

A Visualization

A Visualization application domains
A Information visualization

Considering this embedding into the topics of computer science literature, it becoriaes obv
ous thatmy thesis is located in the intersection of two large branches of computer science:
Computer supported cooperative work and web search. On the one hatitesik aims for
supporting complex search tasks by enhancing information discovery, and on thisaotheit
aims for collaboration on the gathered information by exchanging the information networks and
providing the possibility to extend them.

Results of my thesis have been published in three full papers at national and international
conferencesThe man qualitative results on the general approach of building search trails du
ing complex search processes from the first user study have been publiffechken & No-
bisrath, 2014h)The results on visual evaluation of given search trails from the first user study
have been published {Franken & Norbisrath, 2014a)he results on the value search trails for
collaborative search and their impact on thahilgy of SearchTrailarepublished in(Franken
et al., 2015)while results ortheimprovement of theuality of collaborative search resuétse
pulished in(Franken et al., 2016)

This embedding into the topics of computer scienegditirehelpsdefining the scope in
which the thesis is located. This actual embedding into the topics may not always be wrambig
ous, but especially the work within the intersection of topics bears the possibility to provide new
and unique solutions for &sting problems.
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1.6 Research methodology

For all kinds of research in different scientific disciplines, a number of research methodo
ogies exist, which model the process of doing research and of achieving results. One example
for a research approach from the biomedical domain is describ®cemario 3Continuing a
s e a rwhdrda researcher first develops a hypothesis, then checksrder of databases for
first hints on the hypothesis, and only performs practical work when first theoretical résults a
ready point into the desired direc(Gmalheiser, Thi s
2002)is only one aproach for biomedical research.

For the discipline of Information Systems, most of the research done can be clustered in
one of the wo research methodologies: behavioral science and design s¢itswaeer et al.,
2004) While behavioral science is built around explaining the human behavior, design science
has a more artifagtentric focus(Hevneretal.,,20044 x pl ai n t hat t hama-6behayv
digm seeks to develop and verify theories that explain or predict human or organizagional b
havi or 6, while the 6design science paradcdigm see
i zational capabilities by ceeaermgobédewi gndsctn
coined by Richard Buckminster Fuller, who is wlallown for being an architect, but also
worked with design from a more scientific per
decade 1968 9 7(Bu@kminster Fuller & McHale, 1967)n which design in architectural co
texts was seen from a scientific perspective. The three motivating scenariasdhagier point
towards situations where human capabilities can be extended by innovative artifacts end ther
fore indicate that the design science methodology is the most suited research methodology for
the work done iy thesis.

My work has therefore been done following the design science methodology. The main
goal of this methodology is to gain 6knowl edg
solutiond by o6the buil di ng (BevrereaghR004)coaderi on o f
to achieve this, Hevner et al. propose a conceptual framework, consisting of seven guidelines.

The seven guidelines are (basedldavner et al., 2004, p.82 ff:)

1. Design as an artifact
A reseach project following the desigscience guidelines must produce a viableé-art
fact, may it be an application, a model, or an instantiation.

2. Problem relevance
esign science aims for developing technology based solutions for im pamtng-
evanbusi ness probl ems. 0

3. Design evaluation
ANhether a product developed in a design science process has a potential practical i
pact needs to be shown in a wedinducted evaluatiod.

4. Research contributions
Orhe design science process must provide clear anfiabde contributions of at least
one of the following types: design artifact, design fotioda, or design methodwi
gi es. 0
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5. Research rigor
drhe application of rigorous methods during the construction and evaluation ofthe d
sign artifact is mandatorg.

6. Design as a search process
Orhe search for an effective artifact must make use of proper methods to reaeh the d
sired needs, but must obey the rules of the problem envirod@ment.

7. Communication of research
drhe results of a design science research process leuptesented to the matching
audience$

These seven guidelines do not need to be applied in a strict order or as part of a mutine. |
stead, researchers are demanded to use their creative skills to figure out which of the seven
guidelines may help most ahat phase of the ongoing research. Design science as a research
method has also been described by other autfdesshnavi & Kuechler, 2004present an
overview of design science research approaches for the information system science domain.
(Peffers et al., 2007)resent a more formal model for design science research processes, red
fining some of the original seven guidelines to form a @sscmodel of six consecutive steps.
At the end of the six steps, this model features a connection to earlier steps in the model, called
6process iterationé, thus making the process ite

The term o6iterative soft warebsendedsvasgorighalyhhas been
aiming for the incremental improvement of user interfgbéslsen, 1993)Very soon, ittirned
out that iterative design can also help in software development, as it has a number of benefits
(based or(Kruchten, 2001)

1 Detection of misunderstandings early in the development cycle, making corrections
relatively cheap.

1 Enable and encourage frequent user feedback, to keep customers involved o the pr
cess.

1 Developerseed to focus first on the most critical issues for a project.

1 [lterative testing determines the projects status frequently.

1 Inconsistencies between requirements, design, and implementations are detected early
and frequent.

1 The workload is balancetiroughout the development process.

1 Lessons learned can be integrated into the software development process very fast.

1 The stakeholders get frequent information about the status of the project.

An earlymodel of iterative software development is depicte&igure 2. It describes the
iterative devel opment process of the PWOLI Team sy
structive dKdéknar at alp 1995¢ E28)khi8 model is based on previous work
towards evolutionary systems development, as describ@thson, 1982, p.207 ffgnd (Floyd
& Keil, 1983).
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Figure 2: Model of the cooperative evolutionary design procegltckner et al., 1995, p.23)

Figure 3 (Kruchten, 2001)isualizesthe essence of iterative software development, the
possible starting and end points, and the steps during the software development phigess.
model is more generic than the helical model describélldtkner et al., 1995and therefore
allows more flexible iterations.
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Figure 3: Model of iterative software developmeniKruchten, 2001).
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The benefits of iterative software development suggest following the combined approach
of design science with iterative software design, as proposé@dffers et al., 2007My soft-
wareprototype is therefore developed in an iterative process, which includes multiple phases of
requirements collection, desigimplementation, testing, and evaluation. Durihg respective
chapters in thehesis, some parts of these phases are described in more detail than others, e.qg.
the evaluation takes more room than the testing of the prototypes.

The overall design scieaaesearch methodology is followed throughout the chapter, and
the actions done match the seven guidelines. In the last chaptgrtbésis, | summdze how
the larger parts of thhesis can be matched with the seven guidelinesanfirm that the @-
sign science research methodology has been consistently followed.

1.7 Conclusion and atlook

This chapter shall convince the reader of the relevance of my Worlanalysis of thdis-
torical origins of the information overloadoroblemshows that always innovative ways have
been found for coping with information overlodd.three scenariok showwherei from to-
day 6s poii mécessafy suppore is/ missing.igtnolds forsupporting individual and
collaborative search processesnadl as for offering support for resuming interrupted searches.
Support for these scenarios could be ensuredapyudng and exchanging thes er 6 s sear ch
trails of search process

Three challengeshould beovercomewith this thesis, which are capturisgarch results as
a whole, enabling the exchange of search results between collaborators, and resuming interrup
ed searches.He goalof my thesisis supporting users during and after complex collaborative
web search processes by capturing search tMismain research queston@®Can sear ch
trails provide support for complex webl search at
want to investigate whetheearch trailsanprovide support for complex web seaiatd what
is their value The research coribution of my workis mainlyto the fields of web search su
port and collaborative worlAltogether, Idevelop implement, and evaluase approachvhich
all ows capturing the course of the usel-6s web se
oration artifactsSo far, thiswas not possible.

The rest of thehesis is divided into six chapters.@hapter 21 provide an overview of the
theoretical foundations and thematically related systems for this work, as well as an overview of
the state of the art. I8hapter 31 describe the development of requirements for the envisioned
system, based on the core findings of the related woiRhapter 41 describe the implemesit
tion and the different cycles of the iterative design process of the syStexrpter Scovers the
evaludion, while Chapter @resents a conclusion and a summarmngthesis.
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Chapter 2
Related vark

In Chapter lof my thesis, | present a motivation and desctitwee scenarios in which
complex websearch processes are currently lacking support. In order to be able to build upon
these scenarios and tdfer support for asynchronous, discontinuous, collaborative, amd co
plex search processdsjevelopan overview of related work to make sure that the envisioned
approach has not been followed so far. Therefore, this chapter presents an overviewgef a ran
of topics related to providing support for asynchronous, collaborative, complex sesistby
building search traildt is worth mentioning that theverviews of relatedheories, modelsger
sources, and systems are exemplary for their respectivgocatelhe presented approaches
cannot be fully exhaustive overviewf related systems. Such overviewould be immediately
outdated and exceed the scope efttiesis.

The overview of the related work is divided into eight subchapters. The first subchapte
presents historical origins of the research idea, while the second subchapter takes up theoretic
approaches related to the topic. The third subchapter takes a look on how real users actually pe
form web search. The fourth subchapter then presents rdtthdiques, concepts, ang-a
proaches that touch the topic of rhesis and distinguish the topicrofy thesis from tle related
work. The fifth subchapter presents both related search logging systems as well as related co
laborative search systems and gmas their features and weaknesses. The sixth subchapter pr
sents a brief overview of related work for other parts eftllesis, such as information visiial
zation. In the seventh subchapter, | finally present some recent trends regarding search trails and
search support, while the last subchapter concludes the related work.

The overview of related work has two main goals: It distinguishes my approach fram exis
ing approaches and provides a set of related systems to build upon. For this purpose, | develop
two comparing tables for the two most important fields efttesis, namely search loggingssy
tems (cf. ChapteR.5.1) and collaborative search support (cf. Chagté.2. This chapter also
delivers first indications on answering the
Chapter2.1 and ChapteR.7, and for the research question
comparing tables i€hapter2.5.1.2and Chapte2.5.2.2

The results of this chapter wilekevaluated further in the thedlis.Chapter 31 draw cm-
clusions from the presented related work and evaluate the comparing tables of search logging
systems andollaborative search support systems developed in Chapterhis results in a set

res
RQ1

of requirements and derives techmid asidh,sf evdat ur es

realized inmy thesis.
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2.1 Historical origins of the idea of search trails

The idea of search trails is older than most pethqlek; it dates back tothe miti9 4 0 6 s
and was picked up only a few times in the meantime. This chapter prebésttyiaal overview
of the ideas and approaches towards building search trails.

The historical origins of the idea of capturing the trail of navigation date back to Vannevar
Bush in 1945. Together with John H. HowaBdishi n v e n t rapil sefebttdd adevice that
allowed highspeed referencing of information stored on microff@aspi et al., 2004)These
devel opment s i nfsl wmeen cneadBusitj hS4S)aksbkich e désbribed the
6memexd device, whi xgerimerd S8ushmuggésis that the memexwcauldt e
keep its data o n(Bush, dB45, chapesduchnthatcitrisoaf large migrofilm
reader, being equipped with electreechanical controls. The memex should have the form of a
desk @t consists of a desk, and while it can presumably be operatedafidistance, it is pr
marily the piece of furniture at which he e (Bush, 1945, chap.@nd therefore be the
working place of the user, equipped with screens to consume mostly textual infornd@tion (
the top are slanting translucent screens, on which material can be projected for convatiient rea
ing.@ (Bush, 1945, chap.B) Bush then describes scannitigough and working with inie
mation on the memex, such as consulting books, scanning through pages, or adding notes and
commentdgo the resources stored Most readers interpret eBushos
scriptions of hypertext and its linkstheen document&Caspi et al., 2004)

Bush already argues that the memex eases ir
does not work thatv a yBush, 1945, chap.fhere he means findingformation in a linear
way, with only one way to address a certain resource. Therefore, he develops the concept of
6trailsdéd in Chapter 7, claiming: O0The process
He then describes the process of accesaimgmanually tying two resources together, building
a trail from that, giving a name to the emerging trail, and storing it to the memex. This way, the
memex allows the associative connection of valuable resources, which is close to the associative
human cgnitive processes. He describes scrolling through more documents by some sort of
physical lever to pull, and mentions the possibility to integrate one resource into multiple trails:
6any item can be | dqBushel845)ichapf) numer ous trail sbd

Bush describes the use case of a single person credtail) who is interested in the hist
ry of bow and arrow as followsThe owner of the memex, let us say, is interested in the origin
and properties of the bow and arrow. Specifically he is studying why the short Turkish bow was
apparently superior to tHenglish long bow in the skirmishes of the Crusades. He has dozens of
possibly pertinent books and articles in his memex. First he runs through an encyclopedia, finds
an interesting but sketchy article, leaves it projected. Next, in a history, he fintierapeifi-
nent item, and ties the two together. Thus he goes, building a trail of many items. Occasionally
he inserts a comment of his own, either linking it into the main trail or joining it by a side trail
to a particular item. When it becomes evident tha elastic properties of available materials
had a great deal to do with the bow, he branches off on a side trail which takes him through
textbooks on elasticity and tables of physical constants. He inserts a page of longhand analysis
of his own. Thus @& builds a trail of his interest through the maze of materials available & him.
(Bush, 1945, chap.7)
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Bushods use c pleabletothe nmmemax, botmalsoyto the pavigation through the
Internet, and it could possibly help the users in the described motivating exampléhiapier
1. Later, Bush even goes beyond that initial use case. He describes an example of two users e
changing search trail s, with one wuser having a
GAnd his trails do not fade. Several years later, his talk with a friemd to the queer ways in
which a people resist innovations, even of vital interest. He has an example, in the fact that the
outraged Europeans still failed to adopt the Turkish bow. In fact he has a trail on it. A touch
brings up the code book. Tappindeav keys projects the head of the trail. A lever runs through
it at will, stopping at interesting items, going off on side excursions. It is an interesting trail,
pertinent to the discussion. So he sets a reproducer in action, photographs the whalg trail o
and passes it to his friend for insertion in his own memex, there to be linked into the more ge
eral trail6(Bush, 1945, chap.7)

In Chapter 8 of his essay, Bush develops some scenarios of people exchanging trails and
enriching their own searches by trails that are generated by professionals. Budtteg-
scribes asynchronous collaboration for complex search processes by generating and exchanging
search trails. His use cases include both exchanging trails between searchers that know each
other, but also continuing search trails that have been creatétknown and more professio
al collaborators. Nevertheless, it seems that there have been no approaches of taking the term

A

0search trailsd literally, for example by implem

Bushds i dea has naoldng time, eas thepieclmikat prerequgsited veere
simply not available. Even if hypothetical approaches towards a more complex systemthan h
pertext were made in the project Xandblielson, 1960)n the mid1 9 6 0 6 s , hypertext was
come. Hypertextvas not realized until the miti98® s , unt il first experi ment .
cations were implemented. An early commercial hypermedia systsrHwperCed, invented
by Apple Computebefore the World Wide Web was availaii@oodman, 1988)

Marcia Bates is one of the first authors to pick up the concept of trails, even if sheotloes n
explicitly cite Bush in her paper d@ithe design of browsing and berrypicking techniques for the
online search interfaéé¢Bates, 1989)As early as 1989, she describes a madelearch pu-

cessex al |l ed éberrypickingé, w hel irdohmatom systems SHei ci t |y
claims that this model comes closer to human information seeking than the already kprown a
proach of o6éinformation retrieval 6, whenme one doc

formation need. She describes users gdimgugh several resources when conducting a search
(in contrast to sticking to one source of information for the complete search), and selecting pie
es of information from the various resour¢Baites, 1989, p.409Every piece of information

contributes to the overall picture. Bates names
which are picked like berries from different bushes when strolling through a forest. | present
more details on R2Mesd model in Chapte

A similar approach was presented in 2006, when Fox et al. introduced software called
6steppi ng st olfFexet @, n2006)phas tsditmasetake® a query of two search
terms and triggers searches for both search terms. In the resultrigisetments, the software
tries to find and identify the documents which include both search terms and keeps these topics
as stepping stones between the two search terms. The user can then select one of the topics and
further browse into the documentsatideal with the respective topic aodntainboth search
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terms. Although this approach incorporates the idea of paths leading to documents, itthas a m
jor difference to the approaches of Bush and Bates: It relies on precomputed literadure dat
bases, makm it only suitable for queries within that specified database. This impliessthe a

sumption that there exists one document i n tl
need. This assumption contmgarlierapproaches presented before, as thepatexpect one
document to ful fildl the userds information ne

achieved by a set of meaningful docume(fsx et al., 2006present two other approaches for

finding text documents in a preprocessed database: Clustering redoitungents according to

a carrotclustaing algorithnt®, and visualizing search results based on the ACM classification.

The authors state that their Oexperiments hay
many of the rec(Fgxetsal, Z0@b6yp5&x pl orati ond

The aforementioned paper is exearglfor a bunch of publications of the years 2@00.0,
in which authors try to ease satisfying information needs by providing more convenient access
to single databases. This results in several approaches where databases are preprocessed and
equipped withnew functionsfor accesmg their content. These approaches contain the d
scribed ways of clustering or organizing results by applying classifications. Many op-the a
proaches try to ease access to information by providing faceted access to databaasshsuch
Open Video Digital LibraryMarchionini, 2006) the Flamenco faceted search endidearst,
2006) or the mSpace browser for classical msahraefel et al., 2006)Kules & Capra, 2008)
describea set ofcriteria for developing use cases for exploratory search within the faceted
Online Public Access Catalog (OPAC) of the North Carolina State University (NC3idg
these criteria for eveloping complex search tadks the evaluation of my system

(Assfalg, 1999)presents some thoughts on forming an overview of a topic from a set of
di fferent resources. He i ntroduciensf otrhmextdc omde |
cording to this concept describes heterogeneously -tindesl information (Assfalg, 1999,
p.182) The author claims from his view of 1999 that in the futdoeuments or reports will be
consisting more and more of thematically ordered and heterogeneous information resources.
These will be interconnected with each other and show a multimedia character, ratherthan b
ing monographic compounds of information.

My literature research of the historical origins of building search trails shows thatrthe co
cept of trails through arbitrary web resources has not been realized since. It seems that after the
initial ideas by(Bush, 1945)and(Bates, 1989) dating from times before the Internet became
publicly availablei the trend rather went to facilitating access to spediétabases (like the
approaches described above) than to easing interaction with the Web itself. Research-approac

es focusing on easing access to databases can be found until t2eDn@idd 6 s . Mopf e gene
proaches that focused their research on invatitig the interaction of users with the We a
pearedinthemi@ 00 06s and are presented in more det ai

systems (ChapteR.5.]). Approaches focusing on collaboration during search processes
emerged even later; | introduce them in Chapigr2

'8 Retrieved April 16, 2015 fromttp:/search.carrot2.org/stable/search
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2.2 Concepts, definitions, andadels

A commonaliy of all the described tools and scenarios around search trails and related
concepts from the previous subchapter is that they are all built arourtdviainsearch tasks.
These search tasks are often driven by the interest of the searcher, and ateridsatdy u-
specific search needs that evolve as the searcher learns about a search topic. In the following
sections of this subchapter, | further investigate the history of classifications of such search
tasks and present approaches for formalizingcbetmsks. The following sections present work
on the origins of the concepts of exploratory and complex search and provide some definitions
which are needed throughoutetthesis. Afterwards, | present different approaches of search
task classifications @hsome models of individual and collaborative search. A section on the
value of negative search results concludes this subchapter.

2.2.10rigins of exploratory search andbmplex search

In Chapter2.1, | give an introduction into historical origins of the idea of creating search
trails. As | want to use the idea of search trails for supporting complex search tasks, | investigate
the origins and development of the termslesgiory search and complex search iig gection.

Going back in the scientific literature, it tu
already in the 1970606s. Back then, it ie mainly u
ters of a calculation are altered by a fixed delta for each new calculation. For ex@raiesr
& Sandor, 1975)n their paper on optimization for planar mechanism use the term exploratory
search as well altiok & Stidham, 1983)in their publication on the allocation of buffea-c
pecities. Similarly, this term is used if(Hendrickson et al., 1988yhere exploratory search
means incrementing parameter values in calculations.

In her paper on berrypicking dating back to the year 1989, Marcia Bates does not only
compare the process of search with the picking of berries in a forest, she also mentiems the
6exploratory searchd for one of t lBatesf1989st t i mes
p.411) Bates mentions this term when referrindKaihlthau, 1988)where an experiment was
conducted in which studentgerformedlibrary searches on scientific topics. Bates states that
0t hie a great deal of exploratory searching going on before and after a topic for a paper is
s e | e @Bates,d989, p.411This approach reminds of the rather mathematic approaches from
above, in which slight alteiato ns o f parameters broaden the resul
research already deals with unspecific information needs and covers a type of search that can be

characterized by the term O6exploratoryé. However
concept. It took until 2006 when first definitions of exploratory search were formulated, and it
took until 2012 when tinitigdly defmedfof. Ghaptethpd. e x searchd w

I n the time between the early 19906s and the |
on large information collections or unspecific information needs. Early approaches mainly dealt
with library search, such gBreivik, 1985)or (Kuhlthau, 1988)In 1991, ,(Kuhlthau, 1991 Ye-
veloped a model of search. | present this model in Ch2pet When motivating this model,
Kuhlthau describes the discrepancy between the very organized systems for information retrie
al and the userds unstruct ur eate chamaedzedbgne i nf or ma
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certainty @&ahithae 29981 m3biSamniably, she describes a phase in therinfo
mati on seeking process in which there exists
i s n gkukltbad,d3991p.366)

In 1994, PhD student Mark Nelson described current problems with information overload
from his perspective. He states that information on the Internet is posted in a numberr-of diffe
ent formats and located at thousands of sites, which mak#sdithe relevant pieces of info
mati on hard. In order to find O6personally mesz¢
responsibility of designing and structuring the parameters of their searches to match their own
poi nt s (Nelsony10% wd?2)rhis approach also dedoes a process of searching i
formation by exploring a collection of resources with unspecific information needs. Nelson
finds two main factors that determine the use
based both on the userandthesyssemde. The first factor(cfis the
Chapter1.2), whi ch i s effedtivelg acaads and ievalyate information for a given
n e e(Bréivik, 1985, p.723)The secondactor is the usability of the application used to access
the resources containing information.

One of the first mentions of (Khetaltl@8)m O6comp
order to facilitate complex search tasks, an experiment was conduc{ed ey al., 19990
find out how to efficiently structure online resources. The authors identify eandjpicuments,
such as troubleshooting materials, training materials, or maintenance materials. These doc
ments are hypertext documents which describe and model a work domain by interlinked pieces

of text. The authors def i neontanmgnuuinerous irdeedc u me nt
pendencies i nXae alo01999, pR@c)yhlzei antiiors do not define the term
6compl ex searché explicitly, but wuse it for d

the participants solve increasingly difficult search tasks in their study: simple, complex, and
problemsolving search tasks. The complexity of the tasks is implicitly defined by the number
of nodes from which information needed to be synthesized to be able to give an answer to the
given guestion. Simple tasks can be solved with information thantsioed in only one node,

and complex search tasks can only be solved by synthesizing information from several nodes.
The problemsolving search tasks consist of several related complex search tasks. The authors
develop two approaches for organizing infation in a visual interface and evaluate with
which type of visualization the users can react best to the given search tasks.

A similar, but more mathematical approach was followe(MoEneaney, 2001)who also
assessed navigati in hypertext documents. For these purposes, a hypertext representation of a
student advising handbook is investigated. The author corsadieicency matrices and graph
based visualizations from the hyperhypenekt docum
documents gets captured and transformed into
are mathematically evaluated with the help of graph metrics. The goal was finding out whether
the searcher is using a rather linear approach of segr@tia turning pages in a handbook), or
followed a more strategic approach of searching, which connects resources based on topics. In
this context, Mc Eaneaney uses the term 6compl
learning, or reading in Ipertext(McEneaney, 2001, p.781)

28



An overview of the first publications investigating the nature of exploratory search in more
detail can be found ifWhite et al., 2006a)This paper is an opener article for a special issue of
the 6Communi cat i ons sopportingerplorat@rywsgarch. CACM) on

In his paper on temporal patterns of interactions from the CACM April 208&adpssue
on supporting exploratory searddansen, 20060 s es both the terms O6explor

ocompl ex searcho. He describes Omore compl ex ses
the information needs, the conten s pace, or t he(Jansers 2066nm72)hic apabi | it i
i mplies that web search engines are noct able to
tively support searchingofehr t queri es, with session durations

paper, he presents a way of supporting complex or exploratory search tasks in a clased doc

ment collection by providing assistance when one of his 26 detected search jmitdiosed.

The publication claims that o6in 70% of-the case:
based searching assistance perfor(daesgn 206t t er t har
p.73). While the pattern based system provided support for the searcher just in the critical points

of a search process as defined in the pattemather investigatedystem providg support at

every point of the search process. The reshitavthat toomuch support may turn out tosdi

turb complex search processes. These findings get confirmed e.g. by the finding that tools for

supporting collaborative search need to be lightweight first and foréRiostel Morris, 2013)

which are further elaborated in Chap2e2.5

(Gersh et al., 2006)resent a vision for capturing the process of exploratory seateh, al
hough not explaining how this should be done. The authors first present a modeté&ledo

6rich information collections©o, which can be ex
wi | | | ater O6be or g é&Gershetal, 2006, p.e4hey ddvelap msoftware e por t 6

prototype that syports the access and visual displayjff@6 r i ch i nf or mate on col | e
publication points out the value of the search
purpose of expl or at or(@ersketalr 2006, piG&8neaningsthatgdatd not de

collection is not the primary @b of a longrunning search process, but gaining insights. The
user interface of the presented system strongly relies on semantic concepts-aodtaieiéd

data collections to be explored. It is interesting that most of the studies presented so far used
self-contained data collections, may it be databases or extensive hypertext data collections.

Besides the presented systems and approaches, the CACM issue contains a paper in which
a definition of O6expl or at @arghiorsing 20063 Mhaéchionisi gi ven f
groups search activities into the three categor
defines exploratory search as to be pertinent to
information on this characterization and a definition of exploratory search will be given in the
following section (cf. Chapte2.2.2 on definitions. Besides this $ir approach on formalizing
the so far rather vague concept of exploratory search, Marchionini presents some more practical
approaches on supporting exploratory search. He points out the value of menus and expandable
hierarchical file structures over comnubbased systen{archionini, 2006, p.43 f.)Providing
relevance feedback is another way of adding value to results to help searchers, but searchers are
often unwilling to do that extra step. He presents the Open Video Digital Library (a system
which is now offline), which provided ways of searching the database of videos by making use
of facets, filtering, and cl u(GdarsketalnapoepsMar chi oni n
is a selfcontained data collection to perform exploratory searches orddBabat, it is interés
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ing that this publication is one of the few
((Garfield, 1970) cf. Chapte.2.6 and puts it into relation with exploratory search. Newerth

less, some confusion on the nature of exploratory search stithrie n s : 6Defiimi ng wh
tutes an exploratory search is challenging. [
querying and browsing strategi(Whte et al., 20065t er I
p.38)

Ma r c h i definitioniobegploratory search was accepted well, as it was takeelasp
tively fast. (Pirolli, 2009) mentions itbesides sensemaking and social search as one of three
conceptual frameworks that enrich the scope of information seeking(Rissti, 2009, p.36)
In his publication, Pirolli descrilseten temporal powers of ten, in which search processes take
place: from milliseconds (1% to months (10. Table 2 gives an overview of the described
temporal unitsand relates them to time units and different levels where search processes can
happen. The last column relates the temporal units to saetighiies This categorization ther
fore resembles how exploratasgarch &s well acomplex search) coveextersive timespans.

Table 2: Mapping of time scales to search activities.

Scale (seconds| Time unit Level Searchactivities
o Months Social search, communication about
search results
p T Weeks Social
pm Days Exploratory search witlong-term
p T Hours goals, composed of shetrm goals
p T 10 minutes Rational
p T Minutes
Information retrieval, checking wheth
p T 10 seconds . . .
" a result fulfills the information need
Cognitive /
p 1 second .
Psychological
p T 100 ms _ _ _
— Neuronal processing of information
p T 10 ms Biological

Besides its impact in the literature searchsupport, the concept of exploratory search also
had impact on the evaluation of search supporting systems. Several authors realizest that sy
tems have been developed, whiale sntended to facilitate elgratory search, even if theyea
not explicity namd o6 expl oratory search support systems
context is(White et al., 2008)who describe systems for information visualization, document
clusteringand browsing as 0expl olntarestngly hisspeblicatiorh sy st
claims to cite a definition of exploratory search fr@varchionini, 2006) which is actually not
given there. | further elaborate on the given definition in Ch&ogep

Another publication al ki ng up Marchionini 6s (Auaf&i ni ti or
Russell, 2008) Besi des mentioning exploratorym-search,
pl ex searcho. Al t hough Aula & Russel!]l rely or
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establish a more mathematical and more measurable way of looking at exploratory search, by
avoiding the concepts of o0l earningdé and O6invest.i

In order tomore accuratelyefine the difference between the two concepts, Aula asd Ru
sell propose a max in which every individual search task can be located with respect to its

compl exity. The matrix is defined by two di mensi
the number of 6Search Moves (SM)G©6. Acdeer ding to
gree of abstraction of the search goale-and reac
gree of abstractiond. The second di mension (SM)
steps needed to achieve the search goal and serves as an iridictfiercomplexity of the

search task. This di mens i orf Rigered Bothgliménsiamsn 6 si mpl e

together determine the overall complexitytbé search task. A task may be complex when it
needs a lot of search steps to gather the necessary information, but does not necessarily rely on
the o6learnd and oO6investigatebd search tasks prop

0Fi nd t il nuscrpiecednost st or f il m soundtracks6 are co
do not require much | earning. Similar|l o, a task
does not require many web search steps to find some information, but is highly abstraet and r

guires substanti al |l earning. Aula & Russell intr

which marks a border after which the mental load for the seagefteiso high that taking notes
becomes inevitable to cope with the amount of information.

R Complexity
High degree )
. Learn something about -
of abstractior Beethovenﬁs\musi:.c .
\ ind a piece by @
o \ Beethoven that fits
best to a certain movie
VA
e \
Goal < ,/-7\ N
Abstraction €4~
Level (GAL) (’007 So Explorativeness
9 T~ =a
) . Find the ten classical
Find the birth music pieces most used
Concrete antl ye.ar of Beethoven for film soundtracks
clear goals o
Simple Search Moves (SM) Complex

Figure 4: Schematic view of the concept of the notetaking boundarfAula & Russell, 2008)

Despite the formal definition of explorajosearch byMarchionini, 2006)and (White et
al., 2008)and one approach of defining complsearch ifAula & Russell, 2008)authors still
relied on various definitions of complex searilla et al., 2009)present an interface for jgu
porting complex search tasks. In a section on complex search tasks, the authors mention ways of
adding complexity to a task (e.g. by remayisearch specifics). For their experiments with
search tasks in a database, the authors rely on a definition of general task complexity by the
number of solutions and the number of possible ways to a solution, which is based on a general
definition of taskcomplexity by(Campbell, 1988) The aut hors present an 6
interfaced that allows users to search separatel
time. This is done by a faceted interface that allows inyatstig up to three facets at the same
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time. It turns out that with the presented aspectual search interface, the users searched more and
found more relevant results.

The first and only approach of defining complex search as a counterpart to exploratory
sarch was made biinger et al., 2012aJhe authors claim that exploratory search was mainly
defined in(Marchionini, 2006las 6éencompassing al/l aspects of
sear ch [Singegdt al. e261P3.90)and that it therefore covers complex cognitive-pr
cesses, such as comprehension, integration, analysis, or planning. In order to avoidithe cogn
tively high |l oaded aspects of Marchioniniés d
comd ex s ear c hstepaand tim@onsomoing tpriocess that requires multiple queries,
scanning through many documents, and extracting and compiling information from multiple
s o u r (Bimgerét al., 2012a, p.90Vhis definition therefore relies on the three core elements
of complex sexh, which are aggregation, discovery, and synthesis. | give more details on the
definitions and their key elements in the Chagt@r2 What is most important abbthe defiir
tion itself is that the definition of complex search is the first approach to free complex search
tasks from the cognitive aspects from Marchionini and to focus more on the work load induced
by complex searctasks

It is interesting that thdefinition of complex search stands at the end of a long process of
work, as the authors started working on exploratory search tasks until they found thatthis def
nition may not be suitable for their nee®siblications like(Singer et al., 20113re therefore
still dealing with the concept of exploratorgasch. Later publications clearly make a difference
between both concepts, such(@mger et al., 2012b)

This section presents an overview of multiple attempts of defining exploratory search and
complex search in the literature of librasgience, computer science, and web search applic
tions. It is worth noting that a lot of research has been done without a clear definition af the n
ture of search tasks, just by relying on a common sense of the complexity of a task. The next
section presdn the most important definitions related to complex search support and therefore
provides common ground for all further reseas€imy thesis.

2.2.2Definitions

In order to avoid misunderstandings about terms that are frequently usgdhesis, it is
necessy to create some common ground. In this section, | present the most importaint defin
tions of terms which are used throughout thesis. Some definitions are taken from other
sources, while | developed some more to fit into the context of search tmaiie. I&asic terms
that need to be defined are information need, precision, and recall.

1 6 Ainformation need is the perceived need for information that leads to somesne u

ing an information r et(Bhnedensah 1993 st em i n t he
9 & recisionis the ratio of the number of documents retrieved &tauldhave beena-

trievedi i.e., the number of retrieved documents that were really relevant to the query

ito the total numb e (Shneidermdm P8/ ment s retri eve
1 Recallis the ratio of the number of relevant documents retrieved to the numbér of re

evant document (Shneidermanhl®97d at abase. 6
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While the term 6information needébé is important
general, the terms of precision and recall are used in the context of information retrieval. Prec
sion means the shaoé relevant results in the result set, while recall means the share of relevant
documents retrieved from the database.

A very important definition for this thesis is the one for exploratory search, as the concept
of complex search stems from it. The mosfimition for exploratory searchited mostis the
following:

OExploratory search can beekingpreblemt o descri be
context that is opernded, persistent, and muiéiceted; and to describe info
mation seeking processes that are opyaistic, iterative, and mukHiactical. In
the first sense, exploratory search is commonly used in scientific discovery, lear
ing, and decisiormaking contexts. In the second sense, exploratory tactics are
used in all manner of information seeking andeef user preferences as much
as the goal . 0

(White & Roth, 2009and(White et al., 2008)

This definition is twefold. The first part of the definition defines a much narrower search
case than the second part. The first part of the definition covers informatais that arevell-
defined, persistent, but open ended in nature, and can be illustrated by scientific discovery. The
second part of the definition applies to many more search cases. These may be ramdomly i
duced, resulting in users with unclear inforroatineed, andrigger an iterative process of
searching, in which the goals are adjusted to the se@ameeds. There has been some wonf
sion with this definition, as it is cited by bofthite & Roth, 2009)and (White et al., 2008)
who claim that it is mentiad in(Marchionini, 2006) but in fact, this actual formulation does
not come from this source. As Marchionini was duktor of (White & Roth, 2009)we can a-
sume that he agrees to the definition above.

In his original publication{Marchionini, 2006)does not give a clear definition of exger
tory search. He identifies three kinds of search dctivie s , which he calls 6Look:i
6 1 n v e g(df.ithg appee Part oFigure 5) and mentions example search activities for them
e.g. verification, knowledge acquisition, aanalysis These tasks may have certain overlaps.
Marchionini then defines exploratory searchcaensi sti ng of the &éLearnd an
tivities. A further evaluation of the exemplary tasks for each of the two activities reveals that
Mar chi oni ni collects basically al/| search rel at
therefore collets many cognitively higfd e mandi ng aspects under OExpl or
definition, Marchionini mixes search activities that are based on raw informatiecal(sd
6f #l resrte | search activitiesd | ike HRgre aithat i on, di
activities that are based on processed informatioc(aol | ed-l ésetosé@éarch activit
comparison, evaluation, or analys{Sjnger, 2012)
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Fact retrieval Knowledge;(ﬁu'l'siﬂ'on' — = = Accretion
Known item search Comprehension / Interpretation Analysis
Navigation Comparison Exclusion / Negation
Transaction Aggregation/ Integration Synthesis
Verification Socialize Evaluation
Question answeri Discovery
Planning / Forecasting
Transformation
""" T
I{ Aggregation + Multi-step/ Interactive :
; Discovery + Laborintensive I
'\ Synthesis + Time-consuming /'

Complexsearch

Figure 5: Connection between the definitions oéxploratory and complex search
(cf. (Marchionini, 2006; Singer, 2012, p.19 f))

This mixture offirst and second level search activitieglies that the original definition of
exploratory search is not fyllsuitable for the needs of thigesis, as the envisioned useses do
not necessarily need seceledel search activities for turning out to be complex. Therefore,
(Singer et al., 2012a)evelopthe conceptb 6 compl ex search6é. The terr
not exist for long. This does not mean that there were no complex search tasks before; it only
says that the most suitable definition to be usenhyrthesis dates from that point in time. In
their publicdion, (Singer et al., 2012ajlefine complex s ar ¢c h  a sstepdand timea | t i
consuming process that requires multiple queries, scanning throughdoauments, andxe
tracting and compil i ng i (Bihgerrtrala 20il2a,m.90) r om mul t i |

The aforementioned definitiois refined in(Singer, 2012)Formy thesis, lu s e Si nger 0 ¢
definition, as it explicitly highlights the importance of the steps of aggregation, discovery, and
synthesis. According to this source, complex search tasks are defined as follows:

6Compl ex search tasks ar e llbvasniub wher e use
step and time consuming process that is not answerable with one query, requiring
synthesized information from more than one retrieved web page or document to
be solved. The process to work off complex search tasks usually comprises at
leastoe of the process steps aggregation, disc

(Singer, 2012, p.17)

According to Singero6s definiti clavelsearahep!| e x s
tivities of aggregation, di scovery, amidd synth
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ti-step orinteractiveprocess to it, which isaborintensiveand timetime-consuming (cf.the
lower part ofFigureb).

Singer definesggregatonas a part of complex searmch as Ot h
i ng, and accessing the relevant d(®ingermeah,t s for a
2012a, p.91)He definediscoveryas 6t he support for finding new,
the sametim extending the searcherb6s view of the top
categori es (Singat et alo20t2a, pOI§ydthesisi s defined as O6the su
compiling multiple documents into one and extracting relevant informatittris means also
justparts f r om t he al ready f o (bimgkrebat, 2@l2al pQt)t ed document

In contrast to the definition of exploratory search, the definition of complex search avoids
the cognitvec oncepts from Marchioninidos definition and
needs to be invested into a complex seiarch task
nition concentrates on firdevel search activities, tool support for compearch tasks is more
easily achievableand measurabl#han when dealing with all the cognitive concepts fronr-Ma
chioniniés definition. A search task I|ike checki
product on a number of portals induces |dtsirst-level search activities and is not a vesr d
manding task with respect to learning. However, iaisnultistep process, which igbor
intensive and time&onsuming. This qualifies the task as compbgtherthan exploratory.

As the exploratory oramplex search tasks may span over a certain amount of time, these
processes may be divided into sessions. A session is therefore not congruent with a @earch pr
cess, as one session may contain searches on different tasks, or be just a part of ongksearch ta

With respect to the desired support for discontinuous, asynchronous, collaborative, co
plex search tasks that are intradd in the later chapters of ttteesis and the analyses made in
the user studies, | need to introduce sanwee definitions. The definitions regarding the cha
acteristics of a search are as follows:

1 Thesearcheris the person conducting a search process.
T Asearchtaski s 6éa sequence of activities- with the
mation - the specification marange from narrow and detailed, e.g., a fact, to broad
and vague, e.g. somet hing (mpnwersen & ddevelimry pr obl
2005, p.73) A search task induces an information need and a search process.
1 Thesearch processs the sequence of actions related to the acquisition afniraibon
to reach an information goal. The search pr o
1 A sessionis a sequence of queries and viewed documents which are performed by the
user in a certain timespan. The end of a session can be expressed by thenuggs i
ing or ending the process explicitly, or a certain amount of time passing without user
interaction(Lewandowski, 2015, p.72 ff.)
1 Thesearch resultis the sum of all artifactdhat are created during the search process.
1 Search supportis the sum of all tools and methods selected by the searcher to facil
tate the search process.
i Thesearchtraili s t he | ogi cal repr e sewhdnardaversing of t he
the Interneduring a search process.
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The search tralb is formalized as aet

Y WY@ RY
where

"Yis the username,

“Yis the title of the search trail,

‘Os the identification code of the search tralil,

0 is a setcontaining the information about all nodes of the search trail, and
'Yis a tuplecontaining the sequence of events leading to the search trail.

The information about a nod¢is formalized as setof tuples
0 o FOBY QY'Y D "Y'ad OB WA Yo o ®'Qi w&i Qo i
VEi 0e ®AQ
whereeach tuple consist of the following entries:

0 is the URL of the node,

0 ®the title of the node,

00 QB FQ $Q v O "W is the tuple of highlights agefined by the user,

YO ¢MBR V0 is the set of the nodeds succe
® UMD N¥YQa Qi o dsdhg iuple of timestamps nbdevisits, and

@ s the nodebs host name.

The sequence of everisis formalized as the tuplef sets
Y DI YQAa Qi 0 00H NRHODQE 6 QQQQI
whereeach set consists of the following entries:

¢ N () is anode,
ois the timetamp specifying the time the event happened, and
Qis the identifier of the event occurred at time t

This structure helpgathering and storing the data necessary for building the search trail
graph representation during the search prog@gs€hapter.2.3.

1 Thesearch graphis the visualization of the search trail as a fedgected graph.

During the evaluations, not only the search results are of importance, but also the quality of
certain artifacts. | thefere define the quality of searecblated concepts as follows:

1 Thequality of the search processs the intrinsic quality of the process undertaken by
the searcher. It is judged by the searcher. The quality of the search process can be
measured by askindné searcher whether the search process was perceived successful,
if it was liked, or if it was motivating for the searcher.

1 Thequality of the search resultsis the quality of all artifacts being created during the
search process. This quality can be jutlgg external experts. It may for exampte i
clude the depth and breadth of the found information, the number of visited pages, and
the diversity of the gathered information.

1 Thequality of the search supportis the quality of all tools and method seledbgcthe
searcher to facilitate the search process. It is a subjective measure of support during the
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search process. This quality can be judged by the searcher, for example by judging the
user experience with the selected search support tools.

The definitiors in this section help buildg common ground for the following sections.
Especially the definitions of the characteristics of search and their qualities are taken up in the
chapter on the evaluation of the search support tool | develop thesis.

2.2.3Search tasklassification

First thoughts on classifying search tasks were presenté8hmgiderman et al., 199if)
January 1997. The authors identify theed probl em
|l essly compl ex 6, -hitrodtcomes atpur @306 of deardhes atsame se
viceso, or that O0huge numbers of hits distract
these days are widely used (emfoseek, AltaVista, or Lycosalthough they are not optimal.
To better support textual search, they propose aghase framework for search, consisting of
the following four phase&Shneiderman et al., 1997)

1. Formulation (Expressing the seeh)
This phase includes the four subtasks of defining the sources where to search, which
fields or attributes of a document to search, what text to search for, and deciding which
variants of the desired text to accept.

2. Action (Launching the search)
In this phase, the users take the action and enter the search terms into a search inte
face.

3. Results(Reading messages and outcomes)
During this phase, the results gathered get reviewed by the users, who haveithe poss
bility to customize the results by sortiagd filtering.

4. Refinement(Formulating the next step)
The users may now refine the query by adding words or asking for more information of
a certain type.

It is remarkable that this very early model of search already presents a cyclic approach of
searchig, and therefore overcomes the assumption of information retrieval that there is one
document that fulfills the searchero6s informati
that search interfaces should follow the eight rules for user interfacend&tigeiderman,
1992)and guide the users through all four phases of a search. A search interface stauld all
the users to explicitly state parameters for all phases.

A second publication b§Shneiderman, 199%jtes(Shneiderman et al., 199a@hd presents

thoughts on the dam of informaion-abundant wedites, together with issues and recomme

dations. Thispublicationwas meant to be a trigger for further research, more concerned with

rai sing questions than with providing nnanswer s. :
f or mat tlikengéneratipns sf intellectuals before. Portals or lifeboats to this ocean can be

thoroughly designed websites, for which he presents design recommendations. Si(fiter to

etal., 2006) h e c | @&eérseensidtently praisédiscreens that provided overviews of large

i nf or mat i(Shmidesnpaa, d99% p.5) He i denti fies thecuserds t a
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ommendations for websites on the tasks that users are about to perform on them. Hiselassific
tion includes 4 types of taskShneiderman, 1997, p.11 ff.)

1 Specific factfinding (Known item search)

Example: 6Find the Library oflé Congress cal
1 Extended factfinding

Example: OWhat other books are there by th
1 Open-ended browsing

Example: 6ls there work on voice recogniti
1 Exploration of availability
Example: OWhat geneal ogy information is at

The example geries show how the possible search tasks range from very specific to very
unspecific information needs. All these different information needs should be supported by the
presented fouphase framework for search. The author presents some screenshotetgpeso
that allow for very narrow and very broad searches, such as a restaurant finder that alliews spec
fication of food style, price, opening times, payment options, or a specific standard ola resta
rant.

It is worth pointing out that thegmublicationshave the perspective of 1997. The presented
approaches assume that a low number (ideally one) of perfectly fitting search results dre consi
ered optimal. These approaches are therefore closer to information retrieval than to complex
search. The papers gent ways to guidesersto the one and optimal search query, for example
by specifying as many search parameters as ne
the described approaches seem awkward, asnttoeint of indexed informationnathe Inernet
cannot be limited down to the one perfect search result. The presented approaches are in some
cases strongly related to faceted approaches, where a meaningful selection of facets narrows
down the search results to only the desresililts

Shneiderm n 6 s p u (Shneéideranani eb al., 1991 cited by(Broder, 2002) Broder
presents & taxonomy of web search that alters the classificatig8hmeiderman et al., 1997)
The classification of four different search tasks is broken down by Broder to form three diffe
ent classes of search tagBroder, 2002, p.5)

1. Navigational search task
2. Informational search tasks
3. Transactional search tasks

During navigati on al ensiereacimgh patticulsrkvebite, whéreas us er s
during transactional s e ar inh someaveekmediated detiwity u s e r 6 S
(e.g. shopping on a page or finding a database to ldadrcertain files). The class of infoam
tional search tasks comes closest to the topic of complex search, as the intemgsrffod
mation on a certain topic, whidmplies6t hat many i nfor mati onal gue
(Broder, 2002, p.6)

Broder is also the first authto doa statistical analysis of search tasks to find out to what
percetiage queries of which type are performed. Hesasguery log from AltaVista for that and
evaluats and classifisthe search terms to match one of the three categories. He ttadvep-
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proximately 20% of the querie show a navigational charactepgxoxmately 30% of the gue-

riesshow a transactional charactendapproxmately50% show an informational charactele

conducted asupplementary user survey with the users of AltaVistiaichreturrst hatl- 6i n a
most 15% of all searches the desired target is a good collection of links on the subject, rather

t han a g o o(Broder,ad@0a, m6)rhis Gser survey confirsthe results from the query
analysis.

(Rose & Levinson, 2004 ont i nue Br oder 0s edwmdranieworkdos t hey de
search goals in 2004. They develop a classificat
on the toplevel categories, but adédditional layers to it. The authors manually classg-
proximately 1,500 English search queries with their classificatibnlike Broder, Rose and
Levinson introduce subcategories which spetlife search goals further. The classification is
the following:

1. Navigational
Go to a specific website

2. Informational

Learn something by reading or viewing web pages

2.1. Directed: Learn somthing in particular about my topic
2.1.1Closed Get an answer to a quis with an unambiguous answer
2.1.20pen: Get an aswer to an opeended question

2.2. Undirected: Learn everything about a topic

2.3. Advice: Get advice, ideas, suggestionsjmatructions

2.4. Locate: Find out where aealworld good can be obtained

2.5. List: Get a list of suggested wailes on a topic

3. Resource
Obtain a reource which is not information
3.1. Download: Download a resource that ntdse on a computer to be useful
3.2. Entertainment: Be entertmed by viewingitems on a page
3.3. Interact: Interact with an online resource
3.4. Obtain: Obtain a resourcdnat does not require a computer

Inits topl e v el categories, this classification is ¢
cept f or t hTer arnesnaatotdR mogncad The authors evaluate three sets pf a
proximately 500 queries to a search engine each from three different daysinththefdistir
bution of toplevel queries as shown Figure6 (Rose & Levinson, Study 1 to Study 3). A more
detailed breakdown of the results shows that the undirected search tasks (Classiferation
2.2) account for a major share among the informational search tasks. The other l&getishar
6Located sear ch itama2s kds) , ( GMha scshi ftioccgpetihoenr wi t h t he
tasks account for roughly 50% of all search queries.
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Figure 6: Overview of search task classification results for severatudies.
With this analysis, Broderds results get <co

share of navigational searches is relatively small, search engines seem to be construgted to su
port these ones best, while support for informational searishmissing.

Similar analyses were performed flyewardowski, 2006) who refers to both Broder and
Rose and Levinson in his pap®¥ith a teamhe classifiedapproximately 1,500 search queries
from three German search engines (FiréBallletaGef°, and Seekpofl). The classificatioris
based on &meanteectuded simitarresults like the two previous studies: The share
of informational search queries is largest, followed by navigational queries.

The columns inFigure6s how a comparison of Broder 6s, f
dowski 6s, andcfEelowness &l tChi 6Be aware that Brode
to 100%, which is due to the given numbers in the original publication. Transactional search
queries account for the smallest share of search queries. Calculating the average of all studies,
informational search queries account for 26%, transactional queries for 23%, and informational
search queries for 51% of all queries. As the primary focuseafch engines is fafinding,
most search queries therefore cannot be well supported by search engines.

While the previous approaches tried to conceptualize the search behavior of a single user,
some researchers started with analyzingsthe&al search Bhavior of user groupgEvans &
Chi, 2008ajand(Evans & Chi, 2008bjpresent a modedf social search, in which they idemtif
the phases of a search process in which social interaction before, during, and after aearch pr
cess may happen. The authpresent study in which they evaluate 150 questionnaires and ask
their participants ahd their latest search acts. The authors chagsié answers based on

19 Retrieved April 15, 2015 fromttp://www.fireball.de/indexjs.asp
20 Retrieval April 15, 2015 fromhttps://www.metager.de/
L Retrieved April 15, 2015 fromittp://www.seekport.com/
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Broder6s classificati on areuanshational, @8.00ctare haadd 2. 7 %

tional, and 59.3%ra informational, which confirms the results from above.

In a study fron 2008, (Lewandowski, 2008)nvestigats the retrieval effectiveness of
search engines with informational queries andsthat Google and Yahoo perform best among
the investigated search engines, which also included MSN, @sk Seekport. Although the
results are good for Google and Yahoo, they are not optimal, as more than 50% of the delivered
results are not relevant to the search guykeeyvandowski, 2008p.11) A somehow relatedma
proach of classifying tasks in general was don€Liny2004), who preserga faceted classife:
tion of tasks in general (not only Internet search tasks). She proposes eigvetdacets and
numerous subacets and values for each of the facets. A classification like this could also be
mapped to web search, but nglated work shows that a more simple approach like the one
from Broder got used more widely.

For my thesis, the concept of informational search thsks the classification byBroder,
2002)is most importantas | want to support users coping with this sort of unspecifig-info
mation needsAll further studies caold supportthat this classificatiotis valid and could overall
confirm its results.

2.2.4Models of search processes

The previous saions of this chapter presean historical overview of the idea of search
trails, some historical insights on the developmérexploratory and complex search tasks, the
according definitions, and an overview @&asch task classifications. Tlapproaches consider
the search task as an entity which can be defined and classified. In fact, the process going on
during a search is nech more complex. Several authors have taken efforts in developing models
breakng down search processes into single activities. This section gigleoaologicalover-
view of these models.

Before the Internet was used for retrieving information, librasiese a primary source of
information. Theories and models of information retrieval (IR) exist for long, and a frequently
used model of information retrieval is shownRigure 7. It originates from a publication of
(Bookstein & Cooper, 1976who presented a mathematical model for information retrieval
systems. It was cited bRobertson, 1977)who rephrased the model without the mathematical
background(Robertson, 1977, p.129Yhis version of the model was illustrated (Bates,

1989) and was taken up biPirolli, 2009) among others. The model describes the classical
process of information retrieval. A database of documents (e.g. a library) is processed into a
document represeation (e.g. by indexing), which is tried to be matched with an information
need represented by a query. The key assumption is that one document is assumed to fulfill the
information need and matches the query. The main work of the matching algorithiprdés to

duce the most accurate results for the given g(Bages, 1989, p.409)
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Figure 7: Original model of information retrieval (Bates, 1989)

This model may hold for application cases in lilmay where one book offers enough i
formation to fulfill the information need completely, but the book is hard to {Bates, 1989)
already mentions that in relifle, this key assumption may not be valid, and one single resource
may not be therfwvdrdscthe gueny is safisfied nobby a single final retrieved set,
but by a series of selections of individual references and bits of information at each stage of the
evermo di f y i n @@ates, 61889, p.hl0Rased on these findings, Bates develops h&r-mo
el of berrypicking, in whictpieces ofinformation are picked from various documents retrieved
by various queries, each gradually fulfilling the information neddRigure 8). In this model,

Q0 means an initial query with its variations Q1 to Qn, while T standhéoghs and E for
exit. The document symbols represeribrmation sources.

Q2 L

a0 Q = query variation
T = thought
E = exnit
= documents, information

-

Figure 8: Model of berrypicking search (Bates, 1989)

In her model, Bates describes for the first time the sequence of searcher actions during the
course of a search task. The line stands for
through many actions toward a general goal of a satisfactory completion of research related to
an i nf or m@atds,ded9, p.4¢18)héline depicts the changes of the query based on
the additional information anshows an evolutionary process influencing the information need
as the searcherds knowledge grows. Il nra way,
mation retrieval, but connects many instances of the model to form an evolving process.

A similar view an search processes as a msilip processes is presented Kuhlthau,
1991) She developed a model of the o6l nformatio
information search processes into six phdkeslthau, 1991, p.366 ff.)Most of the phases are
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confronted with the feelings, thoughts, and actions that are common to each phase ofthe info

mation search process. It is worth noting that phases like exploration, formulation, or collection

do not necessarily need to happen linearly, but the searchreroiaect stages as they want.

This may result in iterative search processes, W
needs. Nevertheless, most searchers step from early stages to later stages as the sea-ch progres

es. Table 3 shows an overview of the stages of the process and the corresponding feelings,

thoughts, and actions.

Table 3: Six phases of the Information Search Proces$SP) (Kuhlthau, 1991).

Stage Explanation Feelings Thoughts | Actions
A person becomes awar Seeking
I , General /
1 | Initiation of a lack of knowledge o| Uncertainty background
. Vague . )
understanding. information
Identify and select the
2 | Selection general topic to be inge | Optimism
tigated.
Investigate mformgtlon Confusion / Seeking e
. on the general topic to . .
3 | Exploration Frustration / evant info-
extend personal unde .
. Doubt mation
standing.
Identify and select ideas
within the information Narrowed /
4 | Formulation | gathered, from which a | Clarity
. Clearer
focusedperspective of
the topic is formed.
Seeking re
5 | Collection Gather information reta | Sense of Dire- | Increased | evant or 6-
ed to the focused topic. | tion / Confidence interest cused info-
mation
Complete the seardnd | Relief / Satisfa-
. . : Clearer or
6 | Presentation | prepare to present ortet | tion or Disgp-
) - : Focused
erwise use the findings. | pointment
I n contrast to Batesd model |, Kuhl thaubés model

mental processes during the search process. Thdsgg$eand thoughts are what make the
searcher act in a certain way. It is also interesting to point out how the feelings movenfrom u
certainty to confidence, or how the thoughts develop from vague to focused. More recent publ
cations on exploratory or congx search use the term of vague information neé@so(li,

2009) (Singer et al., 2011)Jansen, 2006]Singla et al., 2010Yo describe the initiadomplex-

ity of an information seeking process.

A similar textual model was provided H$hneiderman, 1997, p.20 ffyvho presents a
four phase framework for search\iviorld Wide Web textual librariexf, Table4 and Chapter
2.2.3. Shneiderman presents no theories on how the model was developed; he just argues that
something needs to be done to provide common ground for both designers and developers.
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Table 4: Four phase framework for search(Shneiderman, 1997)

Phase Explanation Details

Define sources of information, phrases t(

1 | Formulation Expressing the search enter and variants to try.

Explicitly click o

2 | Action Launching thesearch
change search parameters.

Review outputs, control the size of tlee r

Reading messages an( sult set, or change the sequence of the r

3 | Review of results

outcomes
sults.
4 | Refinement Formulatingthe next Refl'ne the query, save or exchange seal
step settings.

His model is meant to guide designers of interactive systems through the search process
and to provide support for each of thed-phases

elseemstointerseaeti t h Kuhl t haudés model but his view is
perspective. He intends designers to come up with solutions to support each of the phases or
actions, whi |l e Kuhl t-teaterddl sand vholigiovand coversmthe wholeh u ma n

seach process from the vague information need to a presentation of results.

A behavioral model of information seeking on the Web was presenté@hmo et al.,
1998) This model is comparable to Kuhltlkausbd anr
on a set of phases that are worked through during web search progekssest al., 1998)ase
their work on six characteristics of information retrieval system design and evaluation, which
were presented i(Ellis, 1989, p.178 ff.and taken up ifEllis & Haugan, 1997, p.385Yhe six
characteristis resemble a model of search and can be explainedTablie5 (based or{Choo
et al., 1998)

Table 5: Six phases during web sarch processe$Choo et al., 1998)

Phase of
information Content
seeking
1 | Starting Starting comprises the activities that form the initial searchrfo

formation, e.g. by identifying interesting sources. This leads te
tiple resourcedeing found.

2 | Chaining As the found resources cannot be evaluated all at once, they n
be chained. Forward chaining means the identification of reso
leading to a found resource, while backward chaining mean
identification leading from a gited resource to others.

3 | Browsing Within this amount of resources, browsing takes place as-
directed search. Users may use lists or tables of content to
sense of the found resources.

4 | Differentiating During differentiating, the searchevaluates the quality of the four
information and prioritizes the value of the found resources.

5 | Monitoring Monitoring means the regular checking of core resources to pta
dated about a certain topic.

6 | Extracting Extracting covers the identificatiaf valuable inbrmation and tend

to be a timeconsuming process, as the original resources need
worked through.
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(Chooetal,1998nap the six characteristics to four 6
fact types of search, which téf in their effort and the number of sources being evaluated. The
first mode is undirected viewing, which is serendipitous browsing, covering many resources
with a low effort. The second mode is conditioned viewing, which contains more elements of
learnirg. In this modeinformationis extractedrom a limited number of sources with a slightly
higher effort tharin the previous mode. The third mode is informal search, where the search is
focused on a topic, which implies generating queries and investigating a small number of
sources with medium effort. The fourth mode is formal search, in which information issyste
atically gathered with high effort from a high number of sources and from specific targets. The
model proposed bfChoo et al., 19983ombines the six categories frdillis, 1989)with their
four models of scanning T h @lenifyowhere these categories matd he model can be seen
in Table6.

Table 6: Combination of the models by(Choo et al., 1998and (Ellis, 1989) The X&és mar k t he overl aps
between the different categories.

Starting | Chaining | Browsing | Differentiating | Monitoring | Extracting
U.ndl.rected X X
viewing
C_onqlltloned X X X
viewing
Informal X X X
search
Formal X X
search

The model illustrates how a search process starts with rather unspecific queries in the first
mode O6undirected viewingbéb. It then moves toward
|l i ke monitoring and extract i altyofthea searchgrocéssor ma l S €
and the mental efforts needed for gathering the desired informatogasesimultaneously.
Nevertheless, the model still implies a sort of waterfall approach, leaving out the cyclic nature
of search processes.

A more detailedview on the cyclic nature of search processes is provide@ioglli &
Card, 2005)who investigatehe process of search and provided a model for it. The madel d
vides the search process into a foraging loop, which acqguif@snation, and a sensemaking
loop, which organizes and evaluates the acquired information. The model is closely related to
exploratory and complex search processes as it models how a searcher acts to make sense of an
amount of informationFigure9 depicts the model.
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Figure 9: Cyclic model of search processg®irolli & Card, 2005).

The model is embedded into a tdonensional spze, being spanned by the dimensions of
structure and effort. It consists of the two loops of foraging and sensemaking, which are both
enclosed in the reality loop. While the foraging loop is located in the area of low structure and
low effort, the sensemalg loop is located in the area of high structure and high effort. The
model describes how the foraging loop delivers information from external spuicief gets
processed by the searchitiis evaluated in the sensemaking loop to be ready for preisenat
the end of the search process. The foraging loop starts with searching for informatiox-from e
ternal sources and collects this inforomati on
rated into an O0evi denc e odessmaydbe bidirettionalsastepr t h n o
gress of collecting information in the evidence file may again induce further investigation of
external data. The connecting element between the foraging and the sensemaking loop is the
evidence file, which may be fimer structured into a schema, from which hypotheses can be
deduced. These hypotheses can again induce further iterations of the sensemaking lapp and tri
ger further evaluation of the evidence file. The final results may be presented, as thay are co
densedand structured enough to be of value for other people.

Pirolli & Cardébés model is in some points si
|l i ke 6Search & Filteréo, which can be matched
tractdé cad te dmEXpElhor ati onb, and 6Schemati zebd

rolli & Card clearly point out the cyclic nature of the process of search and embed it into a space
of abstraction and necessary effort.

Pirolli & Car dbds mo deredeardh.aEdanss&oCim @resenngpmodd of o n |
social search, which provides a hilgtvel view of social interaction before, during, and after the
search process. Their model was publishe@Eirans & Chi, 2008a)Evans & Chi, 2008band
a bit simplified in(Chi, 2009) 1t i ncludes Piroll:i & Cardbés mo
classification of search tasksf(Figure10).
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Evans & Chisplitte i r model into three phases rof a se
ingbé, and o6afterd search and back up their mou
phase, before the search actually starts, the motivation for search and clarifi€atienes
quirements and search terms are the most important actions to be done. The model describes
that during both of these two phases social interaction may take place. Almost two thirds of all
searches are induced by intrinsic motivation. In the sepbiade, during the search, Evans &

Chi di stinguish Brodero6s three types aof searc
tional search behavior. While they assume a rather linear sequence of actions during navigatio

al and transactional searches #uthors rely on the cyclic model of the sensemaking process

by Pirolli & Card. The authors claim that social interaction may happen both during foraging

and sensemaking. Al | three of Broderbs types
search poduct, which can be processed further and potentially be distributed to others. In the

third phase, after the search, statistics show that almost three fourths of all search results are
processed in some way, and of these results, approximately two dhérdsrther distributed.

Most of the distributed search results (85.1%) are distributed to proximate others, just a minor
share of the search results (2.0%) is distributed to public others.

Evans & Chi 6s model combi nes dedfsech asfthet he a
search task classification roder, 2002) or the model of search {Rirolli & Card, 2005)
and covers the whole process of search. It points out social interaction for the first time, and
could be extended by further instantiations of this model whenever an artifact induces a search
at another person. Evans & Chi point out the value ofchesrsults of one user for other
searchers, just a method for transferring tha
method for explicitly or implicitly making available knowledge from single individualsger a
gregated social networks may heips er s pr epar e f (@Evanst&iChii2008as ear c h
p.492 ff.)

The aforementioned models dot explicitly cover exploratory or complex search. Related
to Marchioniniés definition of exploratory se
developed in a workshop at the ACM SIGIR conference in 2006 under participationr-of Ma
chionini (White et al., 2006b, p.58)This model was developed from components of related
models in the workshop and is thus preliminary. It presents amukects core elements oft-e
ploratory searchcf. Figurell).

Information
Base

AAX A
Information

Seeker Outcomes

\A A 4

Search
System

Figure 11: Model of exploratory search(White et al., 2006b)
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The information seeker and the task are identified as the main factors in exploratory search,
which influence each other. The task then influences the relation between the information base
and the search system. The multiple arrows between these two &lesnggest that there are
many possible paths that the information seeker may choose. Similarly, the relation between the
information base and the search system influences the outcomes of the search process, which
again has an influence on both the tas# #re searcher, who may change or perform further
iterationsin the searchprocess

The model of exploratory search (White et al., 2006bhas its strengths in clearly defi
ing a cyclic process of search and the mutual influences that the core elements may have on
each other. The mupe arrows indicate a strong connection on multiple paths between-the i
formation base and the search system, which are both influenced by the task itself ad the ou
comes of the search process. The information seeker interacts both with the search system
(which in turn interacts with the information base), and with the information base itself, in case
of direct access of information without consulting search systems.

Compared to the models of search describediquely, it is apparent that thmodel of &-
ploratory search stands at the beginning of a modeling process and was planned to be refined in
the years to come. Unfortunately, my literature review has shown that this model has not been
taken up by other authoms developed further. Nevertheless,stimodel is a first approach in
formalizing the process of exploratory search. The workshop in which the model was developed
al so focused on the | earning aspect ofi- expl or at
rected to learning tasks and the cogritprocesses we observe as people explore information
s p a ¢Vehdedet al., 2006b, p.57Based on this definition, it can be assumedtti@evolution
of this model may rather develop towards these characteristics and not cover the bneader co
cept of complex search, as defined above.

A more recent concept related to exm oratory
ti onbo, w h irauid 2@Lén &very i€ abnteat curation is not a strictly defined model, it
illustrates a novel approach of dealing with an amount of valuable resources. Early thoughts on
content curatiowere shared in the blog entry fraf@hargava, 2009) who c¢l| ainmms t hat 0
tent curator is someone who continually finds, groups, organizes, and shares the best and most
relevant content o(Bhargaa2p08)Basédior this defmitioa, Blueag! i ne 6
va presert five potential models of content curati¢Bhargava, 2011)Bhargava names the
model s 6Aggregationé6, 6Distill ati cnTable76EIl evati o
based or{Bhargava, 211)).

The five models grow in complexity, as the information contained in the end product of the
process gets more and more processed by the content curator. The models for content curation
are not as formalized as the models presented earlier isetttion. Nevertheless, they provide

an interesting overview of the differeat approac
tiond6 is one key component of a compl ek search t
er four models, activitiesliké Di st i | | ati ond and O6El evationd show

synthesis from complex search. In a way, the models of content curation go beyond the models
of complex or exploratory search, as they embed these processes into a larger scope af activitie
and provide motivation why searchers search in a complex or exploratory way.

49



Table 7: Five potential models of content curationBhargava, 2011)

Model Main tasks in the model
1 Aggregation QPut_ together t_he Amost .releva
intoasi ngle |l ocationé. This may
6Curate information into a mo
most i mportant or relevant id

2 Distillation simplify the aggregated information to easalerstanding the aggr

gated content.

0Curate with a mission to ide
3 Elevation curated informationd. This pr
pieces of information.

60 Mashups ar e tienswhgre mergjngiexistiagranterit
used to create a new piecesmoinforo f
mation here constructs a new or more complete picture of a topig
before.

4 Mashup

O0A chronology brings t ganieedhbased
on time to show an evolving u
process extracts the main changes and trends in a topic and creg
overview based on historic events.

5 Chronology

This section presestan overview of a number of models for s#® ranging from early
models of library search processes to late models of exploratory search and to content curation.
It is interesting how the models granore and more complex over time and hdassic mad-
els of matchmakingra replaced by more cyclappro@hes, of which some models builgon
each otherFor my thesis, theyclic model by(Pirolli & Card, 2005)is most important. It both
contains a cyclic approach of searching and also incorporates two layers of iidforprat
cessing, namely foraging and sensemakifitese layers are reflected in my approach by the
aggregation and synthesis of information during complex web search processes.

2.2.5Collaborative search

The approaches presented in the last sections mainlgwlgals i n g | einfouratom 6 s
needs and their actions and approaches to fulfill these information needs. One aippegeath
ing other individuals into the search procésshe model of social search ligvans & Chi,
2008a) In this section| present an overview of the research on collaborative search support.
This overview collects exemplary positions from the research on collaborative search support.

Early approach&on collaboration for easing access to large amounts of information can be
found during the early 19906s, when the I nter
between people. One early approach on taking collaborative efforts to cope witfotheiion
overload resulting from newsgroup systems was present@@oiaberg et al., 1992)The a-
thors present a system that allows collabordtltering by specifying filters to reduce the mu
ber of displayed-enails in newsgroups. The presented system goes beyond related research of
that time by explicitly including humans into the filtering process. Instead of forcing users to
only subscribe tepecific lists or to filter by keyword, their system provides possibilitied-to fi
ter emails by interaction. Examples could be to only shemagls that a certain colleague has
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annotated or that other colleagues have replie@Gtdberg et al., 1992, p.62 ff.This @-
proach implies that users need to have a good knowledge of otherépenigeesprofiles.

The described manual approach for collaboratively reducing the amount of information to
cope with has been automatized in later resedD@gado et al., 199§)resent a system which
builds upon the ideas ¢Goldberg et al., 1992 heir system allows users to classify web pages
and to publish these ratings. A rematomputer system collects thmssifications and cale
lates interest profiles from therBased on similarities in the interest profiles, the systeg: su
gests content from other users with similar interest profiles. This early version of a reabmmen
er system goes beyond the previously presented approach, as it does not require a single user to
hawe detailed knowledge of the interest profile of other users, but automates and anonymizes
this process.

The previous paragraphs descrdmproaches of coping with large amounts of information
from a single user point of view. Collaboratively generatedrinétionis used to reducéhe
information overload for a single user. One of the first approaches fetimesaliser interaction
and collaborative browsinig presented byGross, 1998)Gross presents a novel browser called
6CSCW346, whi ch enables cooperation support duri
users, which other users arsalusing CSCW and are visiting the same veitle in this no-
ment. Therefore, CSCW3 enables serendipitous meetings of users during web brosgsing se
sions. Users can connect their Dbrowserxs and con:
ample for the syrtronous exchange of information or resources in the Web or for guided
browsing. This approach is one of the first to enable direct collaboration between users during
web activities and goes beyond the previous approaches in which users rely on col&porativ
generated information. Gr o s sudportingcalldaberativeavebu | d t her ¢
searchtasks but was not explicitly intended for this purpose

Whil e Grossé approach focused on coll aboratiywv
Cockpit (SWC)(Prinz & Grather, 2000} more on collaborative knowledge management. The
SWC enablsthe collaborative creation of information collections. Running in parallel toba we
browser, the SWC records the current web pageds
nected to a community, which is defined as a group of persons with the same interest. If the web
page is connected to a community, the user can check the othafd$hescommunity; if not,
the user may add the web page as a resource to the community and therefore add e the info
mation collection. The SWC further allows interaction with information, such as bookmarking
or rating web pages, or adding other documantsie community. Adding to that, the users of
the SWC constantly get informed which other users are currently working with it, or wigich pa
es other users of a community are currently on. This enables serendipitous meetings of experts.
The SWC is an earlgpproach towards collaborative search. Even if the main focus is not on
search or search support itself, it supports exploratory and complex collaborative searches by
allowing the creation of a shared information repository.

While the previous systeins intended for general purpose web activities, other authers e
plicitly identify a need for supporting collaborative sea(@omano et al., 199%fate that there

is a O6desire for <collaborative seauseshfd- and a 6d
mat i on (Remanad etal.,al®98, p.And thus point out a need for collaboration during
web search. The authors present the CIRE system,
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Retrieval Environment 6. This system all ows th
which capturesed. he web pages visited and the users?o
among users. The system allows capturing relevant data to support both synchronous-and asy
chronous remote interaction. 't turnribuout t ha
tions and make only infrequent use of the captured information when they are not pminted t

wards this information frequently enough. This system is one of the first approaches ta-explici

ly address collaborative information retrieval. The focus d&®EIs not on exploratory search,

but more on information retrieval, which is finding the optimal resource for a given query.

During the early 2000s6, it seems that [|itt
search. The approaches presented alutid not have significant impact on the landscape-of r
search on collaborative search. Keeping in mind that exploratory search was not defined before
2006, this does not surprise much. In the | at
more on ctaborative aspects in relation with search. One approach uses the tags that users a
tach to the web pages in their DeliciGuaccounts as search ter(Biggs & Smyth, 2007)The
systemcal cul ates the wuserdés interest profil es ba
network from this. Th network is then used to calculate a measure of trust between the users.
Even if trust is not a focus afy thesis, taking usegenerated tagssaa basis for search term
suggestions is an interesting approach for leveraging user generated tags to beoa dwsichf
term recommendations.

Several papers show how social interaction affects search proqésses & Chi, 2008a)
show in which phases social interaction takes place during search processes. The according
model can be found in Chapt212.4on the models of search processes. A similar needfor s
cial search is stated l{hi, 2009) who claims that the view of search as information retrieval
needsanupate towards more soci al search pirocesse
cally depict information seeking as solitary activities of a single person in front of a wes-brow
er . This view i(CGhi 20090pwR)The authar differemtigtes dwo classes of
social search systems. The first classtains social answering systems, which utilize people
with expertise to answer domasipecific questions. Examples for this are Yahoo!Ansftens
Stackoverflof®. The second class contains social feedback systems, which use some sort of
social feedbackat rank search results. The feedback could e.g. be votes, tags, or bookmarks.
Examples for this were oO0direct hitd, existing
collect feedback by rating search results in 20190cial feedback systems decliriegopula-
ity, as they are prone to possibly automated influences, which could promote inferior resources
over superior resourcefChi, 2009)presents the social search system Mr. Taggy, which relies
on 150 million crawled tagged bookmarks from the web. The system calculates the mest pop
lar bookmarks for each page and allows the usesgarch for specific tags, as well as intera
tion with the tags. If the users agree that some tags are especially helpful or not, they can vote
the according tags up or down. Mr. Taggy is therefore a system that massively usesduser fee
backfor improving the search experience of individual users and casebgr as a social search
system

22 Retrieved Sepmberl6, 2015 fromhttps://delicious.com/

% Retrieved May 12, 2015 frofuttps://answers.yahoo.com/

4 Retrieved May 12, 2015 frotuttp://stackoverflow.com/

% Retrieved July 02, 2015 from
http://googleblog.blogspot.de/2011/03#ight-recommendationgght-whenyou.html
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In a paper on the design of informatiseeking support systems (ISS8jvhite, 2009)
states that Owe must journey beyond basic infor
high-level learning objective suchks anal ysi s, s y n (White,2009, p.55a nd eval u
This strongly reminds of Marchioniniés definiti:
aggregation, discovery, and synthesis by SingerQhapter2.2.26 Bfinitions). Furthermore,
White formulates a number of requests for future research which could help the searchers. His
requests include support for specific search behaviors, support of faceiploring domains
via their attributes, and the visualization of information and according search results.edther r
quests are the support for learning and collaboration. Informa&eking support systemspsu
port the searcher dudiimg tlrearinmihgr rbaWhitecro mph eeyh e @
2009, p.56) ISSS support collaboration by supporting direct interpersonal collaboratign as o

posed to relying on indirect recommendati ons ba
also point out the value of note tagin dur i ng search tasks, as Othere
that <contains all/l o(Whitd, 2069, p.5&)gven it thee cauthiornrdbes nomat i on 6

introduce a concrete system, the research requests presented by White point towards-future d
velopments in the resrch area of collaborative seastipportand align very well with thepa
proach of supporting collaborative, complex search.

Similar to the research requests presentdtivinite, 2009)which go beyond social search,
(Golovchinsky et al., 2009)oint outthatb whi | e soci al search vhas fl ouri
eral years, true c ol I(Golowhinaky eta.n2009,9.4Fhe authbrs i n i t s i
present two scenarios in which resdears want to research on a complex topic, and also want
to manage the acquired information and publish a meaningful subset of this informatibn to co
laborating researchers. The authors develop four dimensions of collaboration in information
seeking, in with the respective systems can be classified. The four dimensiofdcdogchin-
sky et al., 2009, p.47 ft.)

1. Intent: explicit vs. implicit
Implicit collabaation happens when systems infer user motivation from data, &.g. ca
culating recommendations for a searcher from the actions of other searchers. Explicit
collaboration relies on a declared understanding ofi tl@ssibly changing infor-
mation needs of th collaborating searchers, e.g. by direct communication about the
search topic.

2. Depth of mediation: deep vs. shallow
This is understood as the technical level at which collaboration is represented in the
search support system. The depth of mediation regcbm the shallow Ulevel to the
deep search engine level. On the shallowdyveEl, a searcher directly sees the othser u
erbds actions, but the search engine does not
the same time. At the deep level of mediatierg(in collaborative filtering systems),
the interaction happens inside the search engine, when for example new recammend
tions for the user community are generated from the interactions of a single user with
the search engine results. The users do nlabmyate directly. In these cases, the
search engine differentiates the actions of single users.
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3. Concurrency: synchronous vs. asynchronous
Search support systems may supporttiead interaction of searchers (synchronous), or
the exchange of searchrelad dat a t o be evaluated i1indep
search (asynchronous).

4. Location: co-located vs. distributed
The searchers may work at the same place at the same timeey e physically ds-
tributed.

One example for deep, implicit, asynchronous, and distributed collaboration is presented by
(Ahmmari et al., 2012)The authors identify problems when making sense of the amoumt of i
formation in online collaborative spaces, such as blogs, wikis, or discussion forums. In order to
ease the access to potentially interestiogtent, the authors present an approach that extracts
information from such spaces. The authors consider all content in a collaborative space, extract
the content, and process the words with standard information retrieval methods, such-as calc
lating word frequencies, normalization, and text extraction. The generated cgatsciustered
and topics are extracted from the clusters, which are transformed into topic clouds. These topic
clouds help users getting an overview of important topics in discufssiams or other sources.

The presented approach is rather-standard in the landscape of collaborative search support,

as it relies on massive data and distributed processing to cope with all the data. This approach
leads to a reduction of topics to timest frequent ones and contains the danger that interesting,
but infrequent information gets lost among the more frequent, but standard information.

A more practical approach for deep, explicit, asynchronous, distributed collaborative
search is presented (@apra et al., 2013)his approach rads on a preprocessed database with
some 850,000 newspaper adiwhich g partially rated according to their usefulness for se
er al given search tasks by study partecipant:
sul t s Sp aioteratiormawihl the Watabase and allethe rankingof the found documents.
For the study, the participansse asked to work on one of two predefined tasks. Qutime
study, all participantsrae s upported by the recorded acti ol
workedi ndi vi dually on t he s ame stheppriicipants ® tee the . 0 Re
three coll aboratorsd ten | atest querieuw and t
ments. From an analysis of the interaction between the recorded caltaboand the pariic
pants, the authors extract three collaborative search strategies: independent, parallely-and dive
gent work.

1 Independent work means that the collaborators were working without taking notice of
the collaborators actions. Following tlisategy, the collaborators had no influence on
the participantsd6 actions.
9 Duringparallelworkt here is strong interaction with
ticipants take the collaborators queries and investigate their result sets further, try to
find more results on the current topic or r
9 Divergentwork means t hat participants try to buil
into new directions. In these cases, participants tried to avoid overlaps and duplications
of queries or results.
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The presented classification of collaborative search actions is interesting, as it was not
mentioned before. Unfortunately, the results are based on a studpnltleleven participants.
As such, the study shows some drawbacks thatraestidies on collaborative search share:
The use of a limited and preprocessed database, a limited number of participants, and the lack of
focus on a real search result, e.g. a report or a synthesis document.

In 2006, a study with 204 individuaisall working at Microsofti investigats the partié
pantsd coll aborati ve -basdlsusveyaThedurvep coasisttopee es by a
ended and multiple choice questions, asking for the use of specific search and collaboration
technologies and askirapout recent collaborative search experiences. In 2012, a replay of this
study was done b§Ringel Morris, 2013)The 2012 study includel67 American adults as pa
ticipants and reveathat collaborative seardh still a very relevant area of research, especially
as o6web search is often considered a de facto s
technol ogies are desi dRingell Mofris, 2013 p.1i@l)tmrnsod er scenart
that in 2006, 54% of the participants from a tselvy audience had engaged in collaborative
search, while in 2012, 65% of the participants from a general audience had engagedan collab
rative search. Generally, younger participants are more likely to be involved in collaborative
search than older ones. Almost 80% ofaalllaborative search effortseadone in groups with
2-4 individuals (Ringel Morris, 2013, p.1184)and mostly gpproxmately 85%) on informal
topics, such as travel, shopping, entertaintner news. The participantseamostly satisfied
with both the informational outcome of the search procg3%j as well as with the ease of-co
laboration (78%). This result combines nicely with the results of both maions, where
participants ee also satisfied with the current support for their collaboration and web sefrch (
Chapter 5.

The previous findings are true for searches fronCaThe authors also investigatellabo-
rative seacthes with smartphones. It turoat that almost 93% of all smartphone useyworted
to engage in ctocated collaborative searches. The authors furthermore count activities on s
cial answering systems like Ask, ChaCha, Mahalo, or Quora as social search. The sty show
that only a small fraction of all users is actively engageslich systems. Most users hardly e
er use the mentioned systems, as more than 90% never posted a question there. Thepenly exce
tion of a systems used more frequently was Yahoo!Answers, where 24% of all users have at
least posted a question once. Hoemeonly 4.8% of all users ugbe system regularly, by pes
ing at least one question or answer per w@ekgel Morris, 2013, p.1188)n general, the
study showshat more and moreeople are engaging in collaborative web search, and that
younger wusers are more |ikely to do soo-than ol de
priate existing communication technologies to c
(Ringel Morris, 2013, p.1188)yather than using dedicated collaborative search tools. This gets
confirmed by the finding that o&édespippertthe incr
coll aborative web search, none o fRingeluMorriss esponden:
2013, p.1189)The participants use existing, simple tools that were partedf ¢hreryday ro-
tines, such as-mails, phone calls, or instant messaging. This leads to the conclusion that a tool
to support collaborative search needs to be lightweight first and foremost. Ringel Morids dedu
es that O6gl ued sys gsssns, maythave largecimpact than toolieded st i n
cated exclusively to collaborative seafgtingel Morris, 2013, p.1189 onsidering future et
vel opment s, t h atthéreis great potential for technokogioal inhokationnto e
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hance the surprisingly commonplace (®ingelcti ce
Morris, 2013, p.1190)

Theval ue of Ringel Morris6é study is both in
dience. From the temporal point of view, the study shbwits samples from 2006 and 2012
that collaborative search is still a growing domaith lots of challenges to baddressed. The
second studys based on American adults, which proddbe research community wittmi
portant results from neprofessional users. These results show the importance and the possible
impact of support for collaborative search.

A study of tle usage of a collaborative search support system was d{Kelln & Payne,
2014) The authors evaluated the collaborative search d@ohgmenté (Gonzalezlbafiez &
Shah, 2011)n the context of everyday tasks, but as this turned out to be defective for one
group, they decided to ugBiigo&® for the other study groups instead. The authors confirm the
findings of(Ringel Morris, 2013) i n t hat oO0the actual success
terms of mainstream takep, has been fairly |l imitedd, as

not of fer meani ngf ul b(leehye&f Raytne, 0l4e p.807gFcom bnoc  pr a

analysis of previous studiesd systems, the authors deduce a set of four basic aspects of co
laboration a system should support to be able to support collaborative search. These four basic
aspects of collaboration afiéelly & Payne, 2014, p.808)

1 Awareness which means the ability to acquire knowledge about the current and past
actionsof the interaction partner.

9 Division of labor, which means the process of distributing a task across members of a
group.

1 Persistence which means storing and displaying the activities of prior search sessions.

1 Sensemaking which means the support of undargling what has been found and
how it was found. Example means of supporting sensemaking could be the aisualiz
tion of search strategies and search trajectories.

The systems selectddr the user studyrovide support for all four aspects of collador
tion. For the study, eight pairs of participants are selected from the university population. Fo
lowing the definitions given in Chapt@r2.2 the participants are given both exploratory (travel
planning, house hunting) and complex (shopping) search tasks. The participants have no time
limits for the study, and they performed upl® search sessions over 14 ddysgo is a Fire-
fox browser extension which allows capturing useful pages as bookmarkoaratreenshot,
sending content to collaboratpend saving the results to a cloud service. Diigo stores only the
web pages bookmieed explicitly, while Coagmento stores all visited pages. Diigo allows both
synchronous search, where the coll aboratorsbo

asynchronous search, where a col | aftervardstAo r can

mobile version of Diigo would have been available, but was used by none of the participants.

During the study, it ture out that the participantseagenerally positive about the design
concepts behind Diigo, and that the systemduvantage over ad hoc solutions. This can be
argued to be based in the rather lightweight concept of the selected system, especiglly-as all
ticipants stat¢hat they did not use the more complex features like recommendations, the shared

2 Retrieved June 17, 2015 framttps://www.diigo.com/
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editor, features to reacbntent later, othe possibility tosend information to the collaborator.
The synchronicity of work seesto depend on the local setting. In the case dbcated search
actions, the participant pairs evenly chose to do synchronous and asynchroncuscaans,
while all participant pairs chose asynchronous search in a distributed setting. Half of tlie partic
pant pairs organizktheir work in advance, which means that they split search tasks explicitly,
while the other four pairsid not organize theiwork at all.

With regards to the actual selarprocess, participants repahte strategy of starting with
broader search topics and narrowing down the topics over time. This pi®cepsrted over
several sessions; as such, it is important for cotltbh@ search support tools to supporttspli
ting search processes into severabmes. While complex featureseanot used by the partic
pants, all mke useof the basic features, whiclheabookmarking and highlighting valuablenco
tent. This also hekpavoiding the creation of duplicates during searches. The participants like
the highlighting especially because it alkthem to easily go back to valuable content &y r
membering the content, and not the page itg&dly & Payne, 2014, p.813Shortlists of e-
sources and content especially help to agree arakbd and satis€ory search results. When it
comes to time critical situations, none of the participantssube builtin features for sending
content directly to the collaborator; all participagtsfor ad-hoc communication solutions, such
as calling sending emails, or messaging.

Considering user interface design decision, the study seseade insights with respect to
the value of certain information. The participar
search history. It tusout that simple chronological lists of visited URLs are almost useless, as
the history is overwhelmingly large. It would have been more useful to get rid of irrelegant pa
es during the search session and t davidgstee onl y t
crawl through (Kelly&Payne2014, m814)This ¢cowld by @chieved by sele
tive tracking, where only usealefined parts of the search process get captured. Interesting r
sults could be achieved when it came to the visualization of all visited pages. In Coagmento,
each item of thelmred search history appears as a thumbnail. The group that used Coagmento
did not like the thumbnails, as they asked for a summary of contextual information, such as the
relevant findings on the page and a headline of it. Diigo provides théspi#teeand more ca-
textual information, but no thumbnails. Surprisingly, the Diigo users state that they would have
liked to see thumbnails. Nevertheless, participants found it most helpful to annotate certain pa
es and to state why these pages have been visittdoand helpful(Kelly & Payne, 2014,
p.815) Additiondly, users wanted to classify or categorize the found pages, but did not want to
rate pages for other users, as this would have been too much effort. It is important for the users
to understand what the collaborators have found during their searchesvaridelygocame to
their result{Kelly & Payne, 2014,p.817) I nt erestingly, the authors ca
results with respect to lightweightness of the technical solutions. Both Coagmento and Diigo
included many features O6which were not necessary
scaledbak in favor of | ightweight suppeay& for core
Payne, 2014, p.817)

The results of this study point out some important design and usability issues for esllabor
tive, complex search support systems. The value of the stdgliy & Payne, 2014)ies in its
setting without time limits and very op@&mded search tasks. This adds value to the insights
gatheredy the authors and can be helpful for the design of systems for supporting collaborative
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search. Nevertheless, the study has its flaws in a limited number of participants and the way in
which the results were gathered. The authors chose to do structieedeivs with the partie

pants and did not evaluate the data gathered during the searches, which made the participants
only remember the most significant events during the possibly long timespans and allowed them
to forget other important details.

The appoachesn this sectiongie a chronol ogi cal overview fr
the emerging Internet influenced researchers to think about involving multiple persons into one
search process to recent studies on collaborative search. It is interestirthehresearch on
collaborative search bemes more and more open, as it was first oriented towards collaborative
browsing and slowly turned wardsthe creation of collaborative artifacts during searabh pr
cesses. Only the later studies from 2010 onwahdsv very open search scenarios which no
longer rely on predefined databases and encourage users to interact freely over space, time, and
the information explored.

For my thesis, the technical classifications of collaborative search system&fobonch-
insky et al., 2009and(Kelly & Payne, 2014 pare inportant for classifyingollaborative search
support systems. Also, the study @®ingel Morris, 2013provides valuable insights from user
evaluations of collaborative search support systems which influences the design pf my a
proach.

2.2.6Negative sarch

The previous sections deal with search as a process for producing results, which @re inten
ed to be as meingful as possible. So far, none of the presented approaches or definitions
points out that also no result or a negative result can have a value for the searcher.

In certain cases, searchers may not be interested in finding a result, because thao aim is
confirm that the searched information does not exist. This may be not so important for simple
fact searches, where searchers rather look for something they know is existing. In more complex
search cases, searchers may want to not find a piece of itifumn{&arfield, 1970)s the first
author to point out the value of negative information for a search process, inadheoterm
O6negat ibloethissear ch

From the twofold definition of exploratory search, two exemplary search cases can be d
rived in which negative search results could be positive. First, in scientific search scenarios, a
scientist may want toonfirm that research on a certain subject has not been done before or that
a paper about a certain topic has not been published before. Second, in maerrdszbscena
ios, searchers may deduce from a search result that certain actions are not possiblengter exa
when booking a holiday trip, searchers may discover that it is not possible to take certain train
connections in Italy due to winter timetables for certain railway companies.

These search scenarios have in common that they do not produce a dedinit¢hat is
easily transferable to other searchers. Furthermore, a single positive search result has-the pote
tial to diminish the value of all other achieved negative search results, since this single result
can possiblyconfirm that certain researchal been done or that a certain train is operated on a
specific day. For these searches, the results are less important; it is more important how and
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from which resources these results were obtained. Based on this information, other searchers
would have thepossibility to retrace which resources were initially visited and where the
searcher found nothing. Maybe later searchers can easily come up with resources thait the prev
ous searcher did not cover and provide suggestions where the intended informatiom ca
found. Later searchers could also verify that a searcher covered all relevant resources.

However, Garfieldbébs work did not have a | arge
was written in 1970, it was only cited six tifiesDespite one citatioby Garfield himself in
1971, all other citations appeared after 2005. One citation comes from the context of issue
maps. The other four citations appeared in the context of exploratory or complex search, and are
in (Marchionini, 2006) (White & Roth, 2009)(White, 2009) The fourth citatiorwas made in
my paper published and presented at CASCON 2Bdahken & Norbisrath, 2014afonside-
ing the age of the paper, these statistics show the low impact of the concept. This low impact
may be due to technical unavailatyilof systems that support the capturing of this information.

A way of capturing this kind of negative information could thus impact the performance
during complex search tasks. Capturing search trails could offer a possibility to capture the
complete pattof a web search, covering all resources where searchers did not find retevant i
formation.

2.3How do users sear@nd which problems occhrr

The previous subchapters describe the search processes from a scientific point of view.
Chapter2.2 presers definitions of core terms for this thesis. These definitions help framing the
scope for the actions to be supported with the workerihtesis. Clasications of search tasks
organize the types of actions a user performs when trying to satisfy an information need. Mo
els of search yrto formalize the process of search, and a section on collalmssarch teesa
glance on the concepts for interactiduring search processes. Even if the presented findings
arederived from the actual behavior of users, there is less literature on search tasks from the

usersd perspective. This section presents some e
while performing web search tasks.

An early study on user behavior during search processes is preser{iddramionini,
1989) Marchionini uses a CIROM based digital encyclopedia for his experiment, where he
seems surprised by the information capacity of aRIDM. The study was conducted with
third, fourth, and sixth graders from an urban school and contained two tasks which could be
solved by the information in the digital encyclopedia. The first was a simphdiridotg task;
the second task was more complexi mperended. It ture out that all searchers roughly need
the same number of actions to get to a result (if they foma), @nd that older searchers a
more successful than younger searchers. The searchieesuse of several search engineneo
mands, & . OANDOG, and ot her search functi ens, such
sults. This may also be due to tworinutes introductory presentations. Marchiorinds that
most users daot stick to a fixed search strategy, but that the processaotls remais highly

" Retrieved April 21, 2015 from
https://scholar.google.de/scholar?cites=963392326401677749&as_ Sl ftit=0,5&hl=de
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intuitive and relis on the results being found. Most participants use a strategy of widening and
narrowing the original query, with support of search engine specific functions. Marchianini re
ommends system designers to make use ahimgful defaults and to reveal options to the user

to enable them to make full use ,afallasersrg st e md s
introduced to the system and its features during presentation sessions, whishrressitong

use ofmore complex search engine functions. The approach of revealing specific search engine
functions to the user seems to illustrate a shift of search systems to take the mental burden off

the user and onto the system. For the system developes thesis, tis implies to make all

functions easily visible within the user interfdcé Chapter 3andChapter 4.

An analysis of search engine queries was don@léysen et al., 2000y he analysis was
conducted with 51,473 queries of the Ex@itsearch engine with respect to sessions, queries,
and terms in search processes. The authors detect a decreasing value of plain infoemation r
trieval for I nternet dear dbs, casangri engl (Jahniffoa mart
sen et al., 2000, p.208Jhe evaluation of the queries revetidat onaverage 2.84 queriese
entered by a user per sess{@ansen et al., 2000, p.212he analyses show that usesgically
do not add or delete many terms from their start query, but rather change words. The average
query length of 2.21 term@ansen et al., 2000, p.21#pkes it hard for search engines to-co
rectly deduce the searcherds intention. As mo.
operators (e.g. OANDG6, OORO, nous orghb@atiodmarke,r qu e
the authors also investigate their use during the search sessionss lbutithat hardly any
searcher mes use of the Boolean operators (5% altogether), and of these users, about a third
uses the operators the wrong waQuerymodifiers ae used more frequently, by approximately
15% of all users. However, theye used incorrectly by about a third of the users in case of the
plus and minus opet@r, while the quotation markseaused correctly in almost all casem-Ja
s e n 6 ds indieat thht ordinary search engine users show a somehow static behavior during
search processes, which is influenced negatively by misconceptions about technical details of
search engines and the faulty use of search engine operators.

A study with 236experienced users about information search aratcess strategies for
known information was conducted (ula etal., 2005) Similar to the results dflansen et al.,
2000) the authors find that only around a third of all search engine users are able to correctly
explain which criteria a reduinust fulfill to appear as a resiula et al., 2005, p.589)his
leads to a fdty use of search operators. Overall, the use of Boolean operators (Aurest
al., 2005, p.588)The authors also find that experienced users rarely rely on the history, as the
history function of a browser is limited to one browser and one computer. Adding to that, the
history is normally cluttered with irrelevant sites and retiesometimes misleading page titles,
which the users may not rememli¢aula et al., 206, p.588) Similar to the behavior of unegp
rienced users, the study participants use short queries and rarely check the search results beyond
the second search engine result page. Experienced users may be more successful witht short qu
ries,astheyclms e search terms not based on tmme infor
agine someone wording a s(Auaetal, BOAS, p.58Y nt ai ns t h

The authors find common strategies for experienced users, which rely on a high info
mation processing capacity. Some users manage their search process by using multiple windo

8 Retrieved May 20, 2015 frofmttp://www.excite.com/
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and tabs in parallel. This way, important results can stay open. Some participants even use two
browsers; one for actually searching results, and the other one for dragging in linksethat
found in the first browsefAula et al., 2005, p.587Another strategy for extracting information

from result sets is categorization. Some pagodiots mention the use of search engines which
cluster or categorize the results. This is especially helpful when the searcher is unfamiliar with
the search domaifAula et al., 2005, p.587)or these purposes, the study participants use Viv
simo, a search engine which was acquired by IBM in 2012 and was integrated into IBM Watson
Explorer®. The authors find that the common strategy of sending important linksruil ¢o

oneself is not pursued by experienced users, as this mix of resources among different media and
tools is cumbersom@ula et al., 2005, p.588Y he results gained in this study reveal thatexp
rienced web searchensestrategies that support their hignformation processing abilities, e.g.
tabbed browsing or categorizing results. Nevertheless, some misconceptions as to the functions
of search engines are common even among these users.

Jansenods an arlgypesquesiessespecrmlly aatuablesat shows the searcme
gine usage during the year 2000 for ordinary search engine users. It becomes obvious that user
interaction with search engines is rather short, both in humber of queries per session and in
terms per query, and is not altered a Tdte following paragraphs present a series of studies on
the behavior of ordinary users of web search engines, which were conducted by Nadiine H6c
stotter (nee SchmidWlanz) duringher doctoral studies inthe m&10 0 0 6 s .

Using an online questionnaire, shdlected around 6,000 answers from normal Internet
users on their personal search behavior. She asked the participants about the followirtg five ca
egories: the standard use of search engines, the use of more complex search functions, their
background knowldge alout search engines, navigation the Internet, and demographical
information(SchmidtMé&nz, 2005) Even if this study suffers of a selélection effect, which is
e.g. visible by a high share of power users with 57% of them having theinebsite, it e-
veals some insights about the interaction of t&ambvy persons with Internet resources.

As to expect from a German questionnaire, most usgpr@mately 57%) do their
searches exclusively in German language. Almost 77% of all users use short queries, consisting
of 2-3 words, leading to an average query length of about 1.7 words. Almost 71% of thie partic
pants return to the search engine result page astyiffthe desired result is not found imrired
ately. This behavior can also be found in some search trails from mgemenduser study (cf.
Chapters.2), which resilted in star or flowershaped trailsof. AppendixA3). Despite a large
share of the study participants being power users, it twrhthat only about a third has-depth
knowledge abot the technical backgrounds and the inner workings of a search engine
(SchmidtManz, 2007) which again confirms the findings {dansen et al., 200@nd (Aula et
al., 2005)

Considering the use of more elaborated search engine funaiwimds that around 52%
of all participants use operatorkle O ANDO® frequently or very frequ:¢
search phrases (delimited by quotation marks) frequently or very frequently. Most users (70%)
chang their query when no resultseafound, and almost nobody switches the search engine
due to unsatisfactory result8pproximately 75% of all users do not personalize their search

? Retrieved May 21, 2015 frotmttp://www-01.ibm.com/software/dafiaformation-optimization/
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engine intentionallfSchmidtMéanz & Bomhardt, 2005, p.7This means that users stick to one
search engine, do nase all of its features, and try to improve the quality of search results by
altering the query. Users are most frequently annoyed by results that do not have a relation to
their search query, ads, and duplicate search results. Even if users are aviwrea)wds
monopoly of Google, almost 90% do not favor having only one search engine available.

A second publication on the same study revé@t circa 34% of the study participants
start searching without a concrete information need, mainly for disogvarieresting info
mation(SchmidtManz & Bomhardt, 2005)These searches lead the users to pages they already
knew to catch up with more recent information. A large share of participants uses bookmarks
for this purpose (69%).

From her results, Schmidlanz arges that a sort of tabooaeh ould be helpful. Similar
to Garfields remarks on negative search, negative information can be of great value when users
know what they do not want. Especially for vague information needs, users can often more eas
ly specify what they do not want te lincluded in their search results than what they want to see
(SchmidtManz, 2007) She also perforattime-based analyses of search queries. A visaaliz
tion of search terms ifSchmidtMé&nz & Koch, 2006)eveals recurring search terms, such as
searches for the cinema program on Thursdays. Other analyses on the frequency of search terms
reveal that there exist mayflies, which are search terms that pop up once and disappear very fast,
while there are also evergreens, which are search terms that appear very frequently, independent
of tempor al influences, | i k e(SahmidtMaszeaKoah,h t er m
2006) These results are language independent.

The interaction of searchers with search engines seems to be error prone. Whilersearch e
gines can hardly deter mi ne tHigeoussqaecaiafithstd- 6 s | nt
ter, 2007) searchengine users do not interact with search engines properly. An analysis-of po
ular search queries revedhat these contain a number of irrelevant terms, which are a@ften i
nored by search engines, e. g. 6 t hsedich engined a 6 . R
operators, they are often used faulty and result in unsatisfactory search results. Héchstotter
therefore argues in favor of more intuitive search interfédéshstotter, 2007, p.140)

From the results presented in the aforementioned studiesiuce thiaat the time that the
studies were conducted, exploratory and complex search lacked support. Additionally, Hoc
sto°tterdéds studies reveal some parallels with
errors being made when using queryrapers.Even techsavvy usersra not aware of the inner
workings of search engines and usay short queries. A surprisilyglarge share of all users
usesearch operators and phrases to limit search results. Offering information collections of e
ergreens to seehers or recommending frequently recurring search terms (like searches for the
cinema schedule on Thursdays) could have the potential to help users, but are still parely su

ported(H6chstotter, 2007)

A study by(Lewandowski, 2006analyzes the query types of 500 queries of ordinary Ge
man search engine users from each of the search engines Fiseleddbort, and MetaGer (cf.
Chapter2.2.3. An analysis of all queries reveals that certain categories of search topics are
more | ikely to contain informational queries,
or sc,jeac@sdsociety, culture, ethnicity, or r
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commerce, government, education, or arts are more likely to contain navigational oc-transa
tional queries. This can be explained by the high complexity of the formpstaesulting in
comparably vague search queries. For the latter categories, it can be assumed that users have a

clear goal in mind when starting a seatch on a <c¢
ing as he clusters search queries bothbydBsar 6 s ¢l assi fication and by tc
topicbs influence on the average complexity of t

(Gwizdka, 2008)nvestigats the subjective difficulty of search tasks. For his study, &e u
es twelve different search tasksherefour are simple fact finding tasks and the rest ara-co
plex information gathering tasks on the English Wikipedia. Half of the information gathering
tasks ca be solved by hierarchical results, where multiple characteristics of a single concept
had to be found, which reminds of a depth search. The other half can be solved by panallel gat
ering of pieces ofinformation on roughly the same level of abstractiwhjch reminds of a
breadth search. Each participant perfedsix searches and alwaysdhhe chance to choose
between two tasks of the same category. The study reveals that the main influence factors on the
subjective difficulty of the search task arethe ar cher 6s ef fort (as measur e
ed pages or the number of bookmarks), and the task type and st{@Gtizdka, 2008, p.8 ff.)
The searcherodos effort is maintlhei pailawgaiceantods i
tive characteristics. Even if these results are not very surprising on first sight, they reveal how
much the neessary effort for solving a task depends on the searcher and the task itself. These
findings indicate why it is especially hard for search engines to provide appropriate support for
all searchers. Additionally, users may be experts on one topic, but @ototmer topic, which
would require different levels of support for the same searcher.

In contrast to Gwizdka, where the difficulty of search taskadged after the searchqr
cess(Singer et al., 2012@erforms an experiment where ordinary search engine users perform
simple and complex search tasks and @utge expected complexity of the search tasks befor
hand. This is done by answering four binary stat
to complete the taskdé for assessing the require
complexityof the search task again, which allows the evaluation of the assumptions. It turns out
that for simple facfinding search tasks, the searchers are mostly able to judge the difficulty,
time effort, query effort, and their own ability to find the right teséiround 90% of all users
can estimate the required efforts correctly for simple search tasks. When it comes tormore co
plex tasks, that number decreases, and only about 65% of all users can still correctly estimate
the required efforts. Similarly, usecan easier judge whether they achieve a correct result for a
simple search task (87%) than for a complex search task (52%). The study reveals that good
searchers are significantly better in judging th
lower. Summing up, the study shows that the task complexity influences the judging perfo
mance of users, and as Gwizdka shows, the subjective task difficulty largely dependssan the u
er. As such, the combination of these two studies indicates that it is veryonaisers to e
termine how hard a complex search task will be and how good and meaningful the achieved
results are.

Another publication based on the same studgiisger et al., 2013)n this publication, the
authors compare 13 technical measures of search Hskse measures include the number of
sessions, the time spent on search engine result pages, read times, task times, overall search
time, and the nmber of visited pageshe data for the evaluation are generated by ordinary
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search engine users. The authors compare these values to find out differences in these measures
between simple and complex search taskey show that on average, there is always a signif

cant difference between simple and complex search tasks for all 13 statistical measures. The
authors then compare these values to determine whether they can indicate the success of a
search task. Taking a &er look on the first and fourth quartile of successful and unsuccessful
users, the differences mostly disappear. Only for three of 13 measures a significant difference
can be found with respect to the success of a search task. These measures arsfibattione

search engine result pages, the overall task time, and the overall search time, which is the time
needed for the task plus breaks for taking notes. These results show that there is a significant
difference in complexity between simple and compearch tasks, but it is hardly possible to
detect the success of a searcher from statistical measures.

In opposition to the previous experiments with ordinary search engine users, an experiment
with library search experts was conductedSimger et al., 2012dhe authors define two main
classes of I nternet search strategies,e-the 06K
pending if the user starts with navigegito a known (noisearch engine) website and starts
searching there, or if the search is started on a search engine page. The authors show that most
participants make use of the O6Search enginebd
satisfyng result is achieved. All participants solve the given search tasks, which indicates that
search engines are good entry points for exploring search spaces. Howevestaiistical
measures collected during the study, like the number of open and tbseor thenumber of
tries per search tagkdicate that search engines only provide a low level of support for complex
search tasks. Participants use multiple stiateduring the same search tasid the strategy
used depends on the task, the skillshef searcher, and the knowledge of the pe(Somger et
al., 2012d, p.95)Theresults indicate that even information searching professidaiwot rely
on a fixed strategy and adjust their information seeking behavior to the actual task and situation,
which makes the support of complex search tasks especially hard.

The studies presented in this chapter drarthe search process from a usergpedte.
Some of the studies manaigeacqiire ordinary users; some retyy more tectsavvy users who
want to take parti the studies. The studies shdifferences between these two user groups as
well as similarities. The similarities with respecttb@ very short query lengths are mentioned
frequently and get confirmed if.ewandowski, 2015, p.76ps he mentions that userisl dot
change much during the last decade with respect to query formulation. Overatis @iutithat
all influence factors on the search process heavily depend on the individual searcher; may it be
the subjective complexity of the process, the objective success of the task, or the ability to est
mate the own required efforts and results. Tihdiicates that the level wéquiredsupport du-
ing search is not constant and not the same for all users, which makes offering suppatt for co
plex search tasks hard. Fol thesis, these results imply that a tool offering a vergifipdea-
ture set may & contraproductive. A lightweight tool may be simple enough to be understood
by all users and can be integrated into the u:
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2.4 Related oncepts

The first subchapters cover the historical origins of search trails assnahaepts, defin
tions, and models of search and of search processes. The previous subchapteripsmytide
on search processes as they are actually performed by seavbberse not necessarily info
mation professionals. These subchapters providenthin related work fomy thesis, as they
deal with search trails, collaborative search, and search support from an academic perspective.
They show an evolutionary process, which started by printed library catalogues and improved
along digital library inbrmation portals, digital encyclopedias to early forms of web search and
later on collaborative search. It is obvious that complex and collaborative search are relatively
new ways of interaction with online information, and that the support for collatiordtiring
search processes is still in its infancy.

The following section provides some information on further related concepts for organizing
and accessing information and explains the differences between support for collaborative search
by building seara trails and the mentioned concepts. This is important as the reader could argue
that any existing concept can be used to provide the envisioned level of support for @ellabor
tive, complex search, but it turns out that this is not possible.

Lots of differet ways of structuring and accessing information have been developed du
ing the last years, as well as predictions have been made on what Internet search will look like
in the future. These predictions do not necessarily become true, which means tifatiotsid
problems stay, and lots of established mechanisms are still used for accessing inforreation. E
emplary for these predictions, a vision frgphanani & Frank, 20013hall be taken. From a pe
spective of 2001, the authors claim that digital libraries, which are suited toificspetcof in-
formation on one topic, could better provide dedicated services for Internet search than general
purpose search engines. For 2001, there were more than 3,450 search engines and more than
10,000 databases and archives available on the(Watan & Frank, 2001, p.212)This leads
to a very limited coverage of the Internet by search engines, not exceeding 16% of the estimated
size of the publicly indexable weglblanani & Frank, 2001, p.2124s this problem will most
probably become more appatesearch engines have to develop further to catch up with these
developments. The authors identify four phases of search engine evolution. The first are basic
search engines, which rely on indices and web directories which just enable access to info
mation. The second generation of search engines consists of meta search engines, which do not
have an own index but distribute requests to many other search engines at the same time and
combine their results. The third generation consists of popularity seagthes, which ao-
bine indices with information about the structur
rithm. A similar evolution can be developed for digital libraries, which evolved from self
contained, standlone digital libraries over networkéederal digital libraries to harvested gig
tal libraries, which connect metadata to the correct resources. The recent fourth generation of
both search engines and digital libraries is claimed to be intelligent, combining the information
resources with aficial intelligence to exactly support the needs of the sear@iHanani &
Frank, 2001, p.217)rom this evolution, the authors envision a convergence of search engines
and dynamic libraries into a megartal which unifies both approaches. This mega portal was
envisioned t o -lbveltransparemtnintefface tbat willhbe gsed forlaetive
search and br ows e (Hahani&IFriank, @01, a.21lrpb\ypoasty,tie@sr i e s 6
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lution of search engines did not come that far within the last fifteen years, even if the quasi
monopoly of Google dominates online search. For now, sagppeoaches can be seen that-pr
vide the searcher with related content, but a nrpaEgtal consuming all available databases and
offering declarative search will not be realized within a significant amount of time. This exa
ple shows that major changes &wecome very slow and that new technologies and approaches
need to be integrated with existing services.

The rest of this subchapter is divided into three sections, which show exemplary influence
factors on the overall concept of search trails aneherenecessary explain the differences
from them. The first part shows techniques for organizing resources, while the second-part pr
sents concepts for accessing information. The third part shows some approaches for leveraging
and distributing information anmg communities.

2.4.1Techniques

There are several techniques which can be used to organize information from complex
search tasks for the personal or community use. One technique is bookmarking relevant pages.
This has the advantage of every standard web brdveseg able to support this techniquan-A
other advantage is that the bookmarked URL is available to the browser, which may offer the
resource to the user when typing URLSs or queries into the address bar. Unfortunately, the value
of bookmarks is limited; 8y ar e a O6common, but fl awed meche:¢
(Aula & Russell, 2008)

This critique is based on several points. First, bookmarks have to be organized after being
created. This organization requires a certain effort, especially wikemés to large bookmark
collections, as reported iAula et al., 2005, p.586Wwith e.g.hundreds of bookmarks or up to
2,500 bookmarks in about 400 folders. As not all users of web browsers organize tkeir boo
mark collections meticulously, we can assume that bookmark collections are often cluttered and
therefore are of little help. Rinding a certain bookmark is a search effort on its own just in a
different location. Second, the value of a bookmark is often not apparent when it is being crea
ed. Initially interesting web pages may be replaced by more interesting pages, or a resource
turns out being valuable after thesb pagewas left. This leads to missed bookmarks ot-clu
tered collections. Third, bookmarks only save the URL of a resource, without commerits or ot
er information. As the whole URL is stored, the web page may be mygdr than the relevant
portion of it that triggered bookmarking the
specific pages to provide rationale about why results have been selected, and to draw attention
to specific as(kellycq&tPayneg 2014)fFeulth, thesagtwmlsindormation may be
lost when visiting the bookmarkgzhge again, which may happen when visiting news pages or
forums. While a certain page is bookmarked, the entries can have moved to other pages due to
more recent entries.

The fact that most bookmarks are maisily transferable from one browser to anotiser
another reason why bookmarks are not the first option for organizing information collections. In
this case, social bookmarking could help. Popular platforms for social bookmarking &are Del
cious®, Digg®, or StumbleUpoff. Most social bookmarking system#loav i besides the

% Retrieved May 21, 2015 frofttps://delicious.com/
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bookmarking of page$ tagging and categorization of bookmarks, the publication okboo
marks, and the import of published bookmarks into own collections. The generated public
bookmarks collections are browsable and searchable, whiatsath@ exploration of the public

space of bookmarks. The approach of social bookmarking adds a social component toe the user
centered browser bookmarks. However, the mentioned flaws of bookmarks remain, as the tags
on the social bookmarks are only of lindtéelp. Similar to traditional bookmarks, the social
bookmarks require to be organized by tags. Social bookmarking is closely connected to terms
like social tagging or folksonomies. Social tagging describes the process of tagging resources by

alarge numbe of user s, as it O6describes the process

f

form of Kkeywor dgGolteo& Hubeammae @006) ohht ee ntt &r m & f ol ksonon

scribes the result of this process, a classification which is generated by collaborative ofeation
keywords.

Another way of organizing information is a topic map. Topic maps are one of sexeral s
mantic approaches of formalizing relations betwpgstes ofinformation. Topic maps are an
ISO / IEC standard for the representation of information anestbleange of knowledde They
consist of several semantic elements which are instantiated by information, e.g. subjedts, assoc
ations, scopes, or occurendedlrich et al., 2003) The 1SO standd itself foresees a range of
application areas for topic maps, which include the structuring of information, the connection of
topics to form a network, the development of different views onto one topic (e.g. with dedicated
user rights), and the creatiof indices, glossaries, or cross reference (étfglhalm & Mick,
2002, p.90) The ISO standard explicitigescribes the creation and the structure of a topic map,
but not a data model or a query language for it. The strong formalization of topic maps as an
ISO standard ensures reliability and exchangeability, but limits flexibility when it comes to new
develpments. One could imagine supporting web search processes by topic maps, as they are
free to be filled with whatever content, but the strong degree of formalization makes it hard for
users to effectively work with them in a flexible way. Especially whesraiare not trained to
work with a formalized tool, interaction can be experienced as tedious and cumbersome. Similar
to bookmarks, topic maps have to be explicitly filled with information, which again requires the
users to take action to effectively cauelevant information. My literature review shows that
topic maps have rarely been used for organizing knowledge in search support.

The presented concepts in this section stand exemplary for a range of techniques dealing
with information storing and staturing. While all these technologies have their advantages for
their respective use cases, they also have flaws when it comes tauseulticenarios or the-o
ganization of complex information structures, where pieces of information may build opon a
other.

2.4.2Concepts

Besides the realized techniques a humber of concepts exist that deal with accessing info
mation. These concepts can be instantiated to form real systems, which has been done a number
of times. Nevertheless, the practical impact of the presented coirkmpised for my purpose

31 Retrieved May 21, 2015 frofmttp://digg.com/
¥ Retrieved May 21, 2015 frofuttps://www.stumbleupon.com/
¥ Retrieved May 21, 2015 fromttp://www.iso.org/iso/catalogue_detail.htm?csnumber=38068
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This section is split in two parts: The first part gives a liedfrview of older concepts lik@-
formation retrieval or knowledge management, which have already been mentioned several
times. The second part covers the concept of making data semantically accessible on the web, of
which | present here Linked Data, RC¥nd microformats.

The term oO6information retrieval 6 mythddis. has b
In (Manning et al., 2008) i nf or mati on retrieval is wefined
ments) of an unstructured nature (usually text) that satisfies an information need from within
large collections (usugll st or ed o (Mamniognep al.,t2808psl) Key problems of
information retrieval are the processing and structuring of information to create indicels that a
low the automatic evaluation of these indiggi®nning et al., 2008, p.67 ff.)R originates from
a time where libraries were the primary source obrimiation, and one of the main questions
was how to find a printed resource which most probably contains the desired information. Early
work on the performance of IR was already donéRnbertson, 1977)These days, the focus is
less on finding the title of a resource containalginformation, but more on assembling the
desired information from multiple resources. This implies that the core assumption of IR has
changed over time. Nevertheless, IR is still relevant as it provides many of the teclnical r
sources and concepts whiehable Internet search on a veasiclevel.

In order to overcome the emerging gap between classic IR and later developments of more

exploratory or complex cases of web search, n
I nf or mat i on .TFhéterm uaitesahlndan iGtérdcti®n with information retrieval sy

tems and thus builds a counterpart to the ra
systems(Robins, 2000) | I R 6f ocuses on | onger term searc
focus on breaking the separatoh o a sear ch i nt o (Smgeruesa.r20ldapnd a s
p.90) Robins already mentions four models of IIR, whicld @agnamic components to classic

| R. Each model puts a different focus on | 1R.
IIR, as it also describes a long term interaction between a user and a system with the goal of
coll ecti ng i n tuses strarigér onrthe discavéry aspect in $earch. Synthesis and
aggregation ar e not(Siegeretl20l2a, p.) covered in |1 R

While the concepts of IR and IIR provide some sort of a basis for search support and model
human interaction with the respective systems, the concepts of personal informatio®-manag
ment (PIM) or personal knowledge management (PKMjlehthe interaction with one uger
personal information or knowledge space. These concepts can potentially be used to organize
information that emerges during complex search processes. The concept of PIM describes the
way how persons organize their pergbimformation. This is not necessarily limited to search
results, but contains all resources that contribute to the personal information spacepMany a
proaches have been developed for unifying and accessing the personal information space. One
of these apmaches is presented (@utrell & Dumais, 2006) who c¢cl aim that o6i't
users to unambiguously specify what they are
(Cutrell & Dumais,2006,p.50) The authors describe O6Phl at Ul
sorts of data on a personal computer and allows keyword and metadata search, as well as active
tagging and enriching resources with metadata. Risk¢ndsPIM as it integrates lowledge
management into the plain PI'M reposito+y of r
viduals to be more effective in pe(Paumenal , or
2009, p.221)The scope of PKM is therefore more human centered than the document centered
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PIM, even if the borders between the two concepts are fluent. Nevertheless, beihtctmycto
provide one user with a possibly comprehensive data collection that is easily accessible when
being needed.

The presented concepts of PIM and PKM deal with providing access to large information
collections, and they are explicity boundtoagil e userd6s scope @&nd try to
sive as possible. This implies that core ideas of these concepts may be relevant and interesting
for supporting single user complex search, but the concepts themselves are not trangferable b
tween users.

The prevwous conceptsfocusn accessing a single userds coll e
enriching it with metadata. Other concepts for easing access to information are related to the
idea of the enriching web resources with metadata. This coisdepwn as lie Semantic Web.
The core idea is to enrich all/l avail able data of
to the meaningful content of web pages, creating an environment where software agents roa
ing from page to page can readily carry out septhii c at ed t ¢(BorkessLedatal., user s o
2001) The Semantic Web therefore describes the idea or the goal of enriching all data with
metadata to connect it more densely, and make it readable by both machines and humans. One
of the core technologiesdnd i ng t he realization of the Semant.i ¢
tion Fr ame?idhekcére ideR 6 Fhe RDF is that statements are made about r
sources. These statements describe and copresss ofinformation by triples consisting of
two resources which are connected by a property. The triples are ordered, such that #ie first r
source (the subject) is connected via the predicate to the second resource (th&. dxj¢iat)
resources and properties have to be identifiable by a Uniform Reslamwtifier (URI), which
allows tracing resources and predicates to their respective origin. Even if RDF is just a basic
technique, which was elaborated more and more during the last years, its potential impact ca
not be underestimated. Connecting resesinda RDRriplesleads to a more and more connec
ed web of interlinked resources with machieadable relations. This leads to a web of linked
resources which in the best case enables semantic queries over a multitude of resources in di
ferent locatons For this web of semantically connected
coined by Tim Bernerbee®. Linked data basically relies on four criteria to be fulfilled te-cr
ate a linked web. These four criteria%re

1. Use URI 06s as names for things.
2. Use HTTP URIs so that people can look up those names.
3. When someone looks up a URI, provide useful information, using the standards
(RDF*, SPARQL).
4. Il nclude |l inks to other URI®&s so that they cal

% Retrieved May 22, 2015 frofuttp://www.w3.0rg/RDF/

% Retrieved May 22, 2015 frotuttp://www.w3.org/TR/rdf1iconcepts/

% Retrieved May 22, 2015 frofuttp://www.w3.org/Designlssues/LinkedData.html
%" Retrieved May 22, 2015 froimttp://www.w3.org/Designlssues/LinkedData.html
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These in fact simple criteria have the potdrtainterlink and to semantically enrich the
existing web. Unfortunately, O0a surpr-Leei ng am
states in his articfé

Small steps towards this goal can be taken by enriching small pieces of data by semantic
information. This idea is not new, as a publication(Mglone et al., 19873hows. The authors
suggest enriching-mails with machinereadable blocks of metadata that ease the composition
and the processing ofmails. A newer development of these semantic entities in the Web is
called microformats. Microformats are basically additional HTML markups which corgain s
mantc information(Khare, 2006) They have the advantagger XML that in XML each &-
ment can only have a single tag name, while HTML allows asserting multiple class names
(Khare & Celik, 2006) An example is the extension of geographic data on a web page by s
mantic information. The code fragmenttive upper part dfigure12 would then be extended to
look like the code fragmeitiie lower part ofFigurel2.

<div>GEO:
<span>37.386013</span>
<span>-122.082932</span>
</div>

<div class="geo">GEO:

<span cla ss="latitude">37.386013</span>

<span class="longitude"> -122.082932</span>
</div>

Figure 12 Example of enhancing geo information in HTML with microformat data.

This has the advantage that theyided HTML fragment could easily be identified ange
graphic information and web browsers could interpret this information in a meaningful way, e.qg.
by showing a map when hovering over information like this. Microformats exist for a wide
range of applicatins, such as geographic information, social relations, calendar entriesi-or bus
ness cardgAllsopp, 2007) There are still new microformats emengj such as the hLocation
format to denote geographic referen@@smitriu et al., 2007)Similarly, there exist some e
venience tools that try to open microformtdsusers, as they offer structured editing and help
avoiding errors during thereationof microformatgCampoyFlores et al., 2006)

The problem with all these approaches is that they do not yet work in practice inya satisf
ing way. The approaches described are still too complex, cover only detail sqlatidreannot
tell how the searcher came to specifioimhation. If they would work out perfectly, a complex
search could easily be supported by interlinked pieces of data that guide users from resource to
resource by meaningful relations. The missing practical realization may be explained &by the a
ditional efort required to enrich existing data by semantic information, and the comparably low
level of demand for such data. Tools for supporting complex search therefore cannot yet rely on
this data. As such, the approach presentedyithesis reliesontheugels navi gati on i n
and makes use of information the users encounter during their search processes. My approach

% Retrieved May 22, 2015 froimttp://www.w3.org/Designissues/LinkedData.html
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does not rely on semantic data as to not limit the search universe for the user to the semantically
enriched resources.

The concepts in thi section are important for the foundations of supporting complex
search, such as IR and IIR, or they describe technologies whichHegpeténtial to make an
impact on the support of complex search. However, these approachemt yetpowerful
enough ¢ cope with thevagueinformation needs. The next section presents several practical
approaches that try to organize large collections of data or make such collections more easily
accessible.

2.4.3Approaches

The previous sections presentange of techniques for organizing information and a set of
theoretical cooepts for accessing informatioapme ofthem have already been instantiated.
This section concludes the range of related material by presenting some more cgnicrete a
proaches forstructuring information during search processes which have been realized. One
approach for structuring and organizing collectionsfifrmation is content curatiompresent-
ed foundation®f this approachn Chapter2.2.4 This section presents some systems that pr
vide technical support for content curation. Another approach for structuring and accessing
large collections of information are facet based approachigish ease access to large imfo
mation collections. Facet based systems are sometimes mentioned in the context of exploratory
search. Another approach fstructuring information are webased systems for taking notes,
that arguably could helpvith orgarzing search result. In this contextpresentEvernote and
Google Keep.

Content curation has been introduced as a model of search in Ch&pielThe approach
of content curation has recently been implemented several times. Early thoughts on eontent ¢
ration have been presented (Bhargava, 2009)and some models for content curation have
been presented ifBhargava, 2011)Since then, the ideas obntent curation have been taken
up in academic publication&Zhong et al., 2013nvestigate the bwvior of users on Pinterest
and Last.fm, which can be considered content curation portals for web resources and music. The
authors find that most users use content curation to curate their own resources, as a large share
of users ( 85 %)apersorelscoll&iion or ecrapbsak, anid ardy 48% of thepop
| ation uses the site t(hongaetal.p201d8¥ mdrehiralépthlockont ent t o
on content curation from multiple origins into one large repository was doffRedignan et al.,
2012) The authors define content curation systems as systems to collaborativeBténéeds
ing content into a single repository. This approach is opposed tesyskems, as their goal is to
collaboratively create content from nothing. The authors investigate the user interaction with the
Encyclopedia of Lifé&", a largescalecontentcuration platform for biological topics. They e
tify a set of challenges that hinder curating existing content into a single repository, such as the
use of different biological classifications, a lack of quality control, or conflicts of compesenc
The authors furthermore present a set of ways to overcome these issues.

Even if Wki systems seem to be opposed to content curation systems in their natlre of co
laborative creation, they can be used as a technical base for the collaborative anteqnati

% Retrieved May 27, 2015 fromttp:/eol.org/
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sources. Nevertheless, a lot of more specific content curation systems have emerged. Examples
are the WordPredsased tool CurationTrafft§ and a similar approach is followed by Curation
Suité”. Paper.l? resembles the look and feel of a traditibnewspaper for content curation.
Among many other systems, Burfdintegrates photos, videos, presentations, texts, tweets, and
other resources into digital bundles. A detailed overview of a range ebassdl information
curation tools is given ifWoyloshnikova & Storey, 2014)

Some authors mention facet based systems in the context of exploratory search. Facet
based systems need to prepare a database to extract meaningful properties froataheir
which are called facets. These facets can then be used to access a data collection from several
viewpoints. For example, data files cannot only be accessed by their name, but also by their file
type, creator, creation date, date of the last chasig®, access rights, or else. Video files can be
accessed by their duration, resolution, used codecs, or other properties. Facet based access to the
BSCW system has been realizedfnanken & Prinz, 2009)The drawback of this approach is
that any database has to be preprocessed &blbeto extract facets that go beyond standard
metadata descriptions and that the diversity of objects limits the possible facets. In publications
like (Russell et al., 1993authors have presented approaches for calculating the cost af-the a
tomatic extraction of facets from large datasets. Several expert systems hadedigeed for
specific applications or search cases, such as m$gatuaefel etl., 2006) mSpace is a dat
base for classical music, combining information about composers, musical pieces, and musical
periods. It is accessible by a faceted interface, which explicitly allows exploring the data colle
tion by serendipitoudbrowsing from one topic to the next, therefore enforcing exploratory
search. While users like the concept, the effort required for establishing the database is very
high. (Hearst, 2006xompares the clustering of results with the efforts needed for establishing
faceted categories and finds that clustering is a somehow quick seihbie approach. Edia
lishing faceted categories might work well for smaller data collections, but require too much
work and are therefore not useful for large or unlimited collections like the Web. A further
drawback of faceted classifications is tHag¢ relevant categories all have to be knowndn a
vance. If a further interesting category appears, it is not supported unless the relevant facet data
is extracted and established in the underlying database.

Besides these approaches there exist severabasdal approaches that support ftakéng
and do not have a strong focus on content curation or other apprdacheples for such sy
tems are Evernoté Google Notebook, and Google Ké&Evernote turned out to be the most
common tool the participants ofiy second study used for taking notes and organizing web
search results. Even if it was the most popular tool, Evernote was just used by 2 of 29 partic
pants. Evernote allows collecting and writipigces ofinformation in a graphical user interface,
as vell as connecting to other users and discussing with them. The main focus is on clipping
resources from the web, which is supported by a desktop browser extension and several mobile
applications, which allow sharing the same resources among differenesledicsimilar a-
proach is followed by Google Keep. This service was started in 2013, as a follow up service to

40 Retrieved May 27, 2015 frofmitp://curationtraffic.com/
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Google Notebook. Google Notebook started in 2006 and was discontinued in 2011. It allowed
saving and organizingieces ofinformation during onhie research and sharing them with other
users, may it be by publishing to all or by sharing within a specific community. Google Keep is
based on the mobile Android OS or on Chrome OS and allows the clipping of images, texts,
creation of lists, or the shag of notes. In comparison to Google Notebook, Google Keep
seems to have reduced its focus on +taking and now acts more as a clipping and organizing
tool, allowing also the creation of-tto-lists, reminders, or sorting of notes. As it is available as

an application for mobile devices and also runs in the Chrome desktop browser, its focus is also
more on supporting mobile interaction. Besides these three systems, there exist some more note
taking systems, such as Microsoft OneNbtitellinote', or Circus Ponies Notebodkfor iOS

users, bade others.

All the presented techniques, concepts, and approaches can be used for supporting single
issues of exploratory and complex search in a way, and the realized software solutions may
come in handy in severaituations when performing complex search tasks. All note taking
tools for example can be used to organize and structure web search results, but nonesof the sy
tems allows keeping the context where specific results have been found, or tracks visited we
sites where no valuable results have been found. Generally, all presented approaches focus on
specific details, such as enriching specific types of data with metadata, or focus on the results of
a search process rather than on the process itself. My systesfote follows a more genéra
ized approach, leaving detailed solutions out in favor of a lightweight approach for supporting
asynchronous, collaborative, complex search. In order to evaluate the origins of search results
and investigate the search procisslf, search logging systems have to be used, whgrb-
sentin the next section.

2.5 Related gstems

The previous subchapter presemtodels, techniques, and approaches which can support
small aspects of search processes, as well as the interactiomditieaorganization of search
results.These approachewe insufficient andl explain how my approach differs from them.
This subchapter presents approaches towards i nve
and supporting collaboration during wedarch. As exchanging search trails for supportithg co
laborative search has never been done before, two main fields of related work exist. The first is
|l ogging the userdéds interaction with thg Internet
porting collaborative search. Therefore, the first section of this subchapter chronologieally pr
sents examples of search logging systems, while the second section chronologically presents
examples of systems that support collaborative search.

Loggi ng interaction with thé ¥eb provides valuable insights about the search
process. It reveals where users have found valuable information and where not. Search logs also
provide a sound base for research on search strategies and on exploratory or compiex searc

“° Retrieved May 28, 2015 frorhttp://www.onenote.com/
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tasks. For these reasons, several search logging tools have been developedprelsiehtin
the next section.

Other tools focus on supporting collaborative search, may it be synchronous or asynchr
nous. The second part of this section gives an owerefeseveral systems for supporting-co
laborative search. Both parts of this section conclude with an overview table, condensing the
most important properties of all the presented systems. These overview tables are evaluated in
detail inChapter 3o form requirements for the system developechyrthesis.

2.5.1Search logging systems

Several researchers developed systeme which
able to further investigate these results. Even if all presented systems for logging search beha
ior share similar goals, they may differ in some points. Some logging systems log all interaction
with the userés oper at i ntignwithytisetbmwser. Seroemsystepsu st |
may reveal the logs to the user, others may not. Finally, some loggers may have been made
available for other researchers; others may stay with their respective inventors and ake not pu
licly available. It is importanthat all these approaches go beyond query analysis, as they try to
gather more information and feedback from the user. Query log analysis was e.g. (Bed by
der, 2002}0 gain an understanding of the different types of search tasks. | now present several
search logging systems, ranging from early approaches in 1998 to more recent applications in
2013.

The first part of this section introdes several different systems for logging search, while
the second part of this section presents an overview table. This table helps identifyinguzore sol
tions and features of all the presented systems.

2.5.1.1Examplesof search logging systems

An early example for a system logging the search activities of a user is WebTfEwker
bull, 1998) WebTracker was used to collect datad&velop the behavioral model of imfo
mation seeking on the web, as presented in Ch2i?et(Choo et al., 1998)WebTrackelis a
Windows 3.1 applidégon that monitos the Web browser and collected menu choices, button bar
selections, and keystroke actions. It was designed this way to overcome weaknessds of prev
oudly used, more complicated methods ligexies for gathering interéion data of the use
with the Web (Pitkow & Recker, 1994)These methods were too inaccurate, as they just tracked
the URLs of the resources, but could not trac

WebTracker tracksthes er 6 s i nteraction with the browse
search |l ogs | ocal |l y onsitawsearclulsgeontim thé fallovdang d i s k .
entries for eacluseraction: User ID, browser action, the time and date, URL, andpagb &
tle. The tracking of mouse clicks, scroll bars, and more complicated menu furistiatsm-
plemented. After activating the system and entering a user ID, WebTiadoenpletely invs-
ible to the user, thereferbeing unobtrusive. The logeeastaed locally on a daily base awdn
be acessed by the users, as they @lain ASCII text files. WebTracker was used to determine
the participantsd moves in the Web and to cl a
starting, chaining, browsinglifferentiating, monitoring, and extracting information. Interviews
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with the study participants were conducted to extend the gathered information from the intera
tion logs. WebTracker is a very early example of a logging system, collecting data al@awery
level of user interaction.

Technically similar to WebTracker is The Curious Brow$&&aypool et al., 2001)nstead
of developing an application for aperating system, the authors implement a new browser,
whichis able to collect all interaction data. This logger was developed to find out implici inte
est indicators on web pages. Explicit interest indicators can be detected by asking the users or
by monitoring the active selection of buttons or links on a web page. Implicit interest indicators
can be inferred from the userb6s actions, such a
Browser was i mplemented to r esetbrheeExglonee user e X
with the difference that each time the user left a web page, a box popped up, asking the user
how interesting the page was. For each web paged;jsThe Curious Browser storéee user
name, the URL, the time and datiee explicit amting of the webite, and some implicit interest
indicators. Adding to this fetback, the browser also capturaesuse clicks and the number of
milliseconds the mouse was moving on the page, as well as the scrollbar activities aryd the ke
board activities.

The Curious Browseraksnot reveal the logs to the users, and the authorsotimention
whether the logstae st ored on the usersd hard dxive or on
tensive search sessions, theus of The Curious Browses more onhie usets interaction with
single pages. The granularity of the captured information was chosen to be able to identify i
teresting pages rather than for evaluating lacgde navigation histories. Unfortunately, there is
not much more information availabbn this search logging approach. Nevertheless, Thie Cur
ous Browseis an approach to capture ldevel interaction and navigation data by the high e
fort of programming a new browser. The authors find that the time spent on the page, the
amount of scroihg on the page and the combination of both have a strong positive relationship
with the explicit userb6s interest in a page.

A newer approach for logging web interaction is presente(Regder et al., 2001Yhe
authors present a framework for performing web usability studies, which consiste can-
ponents. Their first tool is named WebEyeMapper and is a physical device that captures the pa
ticipantds eye movements during web wusability e
out which HTML el ement s atcompatations mgpegtheeyer 6 s att e
tracking daa to the HTML elements are tir@nsuming with the technical equipment from
2001, the authors need a tool t hat captures the
used to capture the s eintdrastion withthe web. After the search session is finished, a replay
of the session can be computed, highlightingpibiats of interesbn every welsite. WebLogger
i's based on Microsoftés Internet Exploirer for Wi
cant user ath browser events. Theaptured data includes the ve@tkes theraelves, the changing
of the welsites, the portion of the page displayed, the position of the site on the screen, as well
as user events, such as clicking links, or opening tabs. The searcaslagsl] as all displayed
dataa e stored on the userods hard di sk, but without

WebLogger and WebEyeMapper are two components of a framework for user experience
studies. It is interesting that the authors of the tools cacddss the interaction with the Internet
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Explorer and are not forced to rely on selitten browsers. As WebLogger is a subsidiary tool,
not much information is revealed about its inner workings.

In 2004, the system WIIRE (Web Interactive Informationrireal Experimentation Sy
tem Prototype) was published fljoms et al., 2004)Similar to the user experience evaluation
framework & WebLogger and WebEyeTracker, the system WIIRE is intended to be a-fram
work for conducting interactive information retrieval (IIR) experiments via the Internet. WIilRE
is realized as a server based application, running on a Microsoft IIS server. Thipgradiof
the respective study can log in via the Internet to the WIIRE 1IS application and use it¢e get a
cess to the requested web resources. Thi s
with the web, and stores the search logs on a ctenhédicrosoft Access database, leaving the
participantdés computers untouched.

As WIIRE is intended to be a general purpose framework for IR, it allows to be configured
with experiment configurations for the concrete instantiation of IIR experimentsbiftssiof
customization for IIR experiments include consent forms, initial demographic questionnaires,
tutorials, instructions, preask questionnaires, intermediate and final questionnaires, or thank
you messageéloms et al., 2004, p.664The actual search interface of WIlRE was specially
constructed for IIR taskef. Figure13). The top bar displays the search task and is usecto co

trol the experiment, e.g. by <clickéetmeexpe-he 61 6

iment. The search interface in tlmver section is divided into two sections. The left section
contains the query input field and displays the results, while the right section provides tools to
assist during query formulation.

_i8ix]
-~ rr - Gov Search
EXPILORING the WEB - powered by
Panoptic
Your current search task is: How do you get a green card to work in the US? m

Enter keywords, phrases, or a question Agencies IAcmnyms IHelp

Click “Limit"
m click "Clear” to remove ticks from all boxes on this
page

|»

Restrict the search to one or more agencies:
Limit to | m Tick box(es)and then

# Agriculture, Food and Rural Development
Search results will appear here. # Business, Industry, and Trade

+ Defense, Security, and Military

+ Education

* Employment and Labour

* Energy

# Environment

# Government: Office of the President

# Government: Congress, Senate and House of Representatives
# Health, Medicine and Drugs

+ Housing

# Legal matters and Justice

# Sciences -- Natural and Physical

+ Taxes and Money

& Trs and C

p

Restrict the search to one or more agencies:
m Tick box{es)and then -
Click “"Limit"

m Click “Clear” to remove ticks from all boxes on this | — | _f

nane

astartl | &)Panoptic Search lnerface...l Ed U 2EEN so0am

Figure 13: Example of the WIIRE search interface (Toms et al., 2004)
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Similar to The Curious Browser, the authors of WIIRE in fact imgetra new browser
and controlthe access to it by proviatj this application as a serdeased application. As
WIIRE is intended to be a framework for IIRk@eriments, the authors providetails on the
value of WIRE for experiments and presentalidation of the tool. Unfortunatelthey c not
reveal many details of the logging mechanism itself.

The previously presented systeme aather focused on small scale interaction with web
content, such as interest rating or the identification of HTML content attracting the eye of the
searcler. In opposition to that, WIlRE is one of the first systems aiming for interactive info
mation retrieval (IIR) and focusen rather large scale web interaction. As it is based os-a cu
tom developed browser, the interaction with the Internet may noagesdtural for the users as
with search |l ogging systems that manage to util:@
the strength of WIIRE lies in providing a framework which allows setting up IIR studies easily.

One of the first web logging sysies realized as an extension for the Internet Expligrer
presentedy (Fox et al., 2005)This research is comparable to the approadClalypool et al.,
2001) who developed The Curious Browser to discover implicit interest indicators. Fox et al.
develodan extension for the Microsoft krnet Explorer to find out whether there is arpass
ciation between explicit ratings of interest and implicit measures of user interest. The Internet
Explorer extensionvasdeveloped using C# and was installed on the chasathines. Thexe
tension collectdoth explicit and implicit feedlzk on the visited pages and sertdsack to a
remote SQL database using different XML envelopes for the different types of feedkack. E
plicit feedbackis gathered in three ways. When a s#deft, the useiis asked whetér the e-
sourceis liked, not liked, or the user found it interesting, but needs more information. When a
search engingueryis changed or refined, the userasked whether the searisnew or if the
query changed, to find out if the intention chang&then the search session gnthe uselis
asked about the overall value of the session. Implicit measures gat hered during th
interaction with the browser. Implicit measures include a number of different data, such as the
time spent on the pagthe amount of scrolling, the time until the first click, the number of
clicks, the number of visits to a web page, or whether the web page was added to the favorites.
Itist he authorsdé intention to find thuwesemist eneani n
plicit ratings. Overall, 146 Microsoft employees participated in the study, who used the data
collection tool for about six weeks. It is remarkable that no fixed search tasks were given to the
users.

The authors find that a proper combination tfe right implicit measures can predict the
explicit satisfaction ratings we{Fox et al., 2005, p.166]t turnsout that the clickhrough on a
website, the time spent on a site, and the way of exiting a site are good implicit predictors for
explicit satisfaction. Similar t¢Claypool etal., 2001) this study hathe goal of identifyingn-
terest indicators for a web pages during actual search behavior. Even if thissstatdfoased
on complex search, it cgmovide insights into the architecture of an early search logging tool.

Anearly study which investigates tJamsenstser d6s wel
al.,2006) Jansen et al. descr i beisiatendey wanayrmethen a med 6 Wr
exploratory search behavior of auser. Thetahor s c¢cl aim t hat Oexploratory
chaot i c(Jgmsemeat &. s200®, p,Wyhich spans multiple systems and multiple episodes
of searching. I n or de rhe d@valuatioroshoeld be iort the prodeds,snotc o mp | e x
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a si ngl @anseyet al.e200%, p.Oherefore, the presented approach not only logs the
interactions of the user with the browser, but also with the operating system, such as the use of
the clipboard, printing pages, saving pages, etc. To achieve this, the Wrapper framework comes
as a Windws application that is installed and gets started before the search session begins.
Wrapper stores all user interaction and sends it to a remote server every five seconds. However,
as the authors do not reveal much information about the informationtedllécseems to be a

time stamped log of the visited URLs together with the interactions with the operating system.
Figure 14 shows the visible part of Wrapper oneait side, with the field for additional info

mation that is either gathered from the system directly or entered by the user.

% 4252006 94841 PM Q@@

Text to be appended tologfile 5 Full log file text 2

21:48:41
http: //ist psu.edu/faculty_pages/jiansen/academic/wr
apper.htm View URL

[F&®]

Default Browser Location

List of all processes unning 3

‘Wrapper Package: An application for use in Information S¢
Web Searching, Web Users, Web Queries, Web Informatic
C:\Program Files\Internet Exploreriexplore. exe Microsoft Outlook Web Access - Microsoft Intemet Explore
wrapper_study.doc - Microsoft Word

KODAK Software Updater Agent

Launch Intemet Explorer EndNote 5 - [jansen24Jan06.enl)
Clipboard text 4
Title: 7 [Wlapper Package: &n application for use in Inform
URL; [hllp://ist.psu.edu!faculty_pages/iiansen/academic
"http: //ist psu.edu/faculty_pages/jjiansen/academic/wrapper. htm''
Log file is being stored as c:\4252006 94841 PM.txt Credits [ Make Me Invisible l

Figure 14: Example of the user interface of the Wrappersystem(Jansen et al. 2006)

The authors testVrapper with four participants over ofdl week of searching. Theyrfd
that O0searchers employ a variety of searchi
mul t i p l(Jansed atwls @06, p.A)/rapper is one of the first search logging frameworks
that explicitly tries to gather data on exploratory search behavior. It goes beyond thepether a
proaches in that it also monitors the interaction with the opgragistem.

In opposition to the trend of the growing complexity of search logging tools, researchers
were also interested in the analysis of query log4Césugh & Berendt, 2009%hows This
workshop on the ACM SIGIR Forum brought together a number of researchers interested in the
analysis of query logs for identifying open gtiens. These questions incluthe open avad-
bility of log data, the connections between {tevel actions ke queries and higkevel cogri
tive models, and combination of multiple data sources, such as log data and social data from
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Facebook or Twitter For these®ipanetpobusesifor t he

logging queries on client side, beireghnically a Firefoorowserextension.

Similar to the WIIRE system presented earlier, the HCI brovssatroduced by(Capra,
2009)as a configurable tool for conducting batch studies on web informsgieking behavior.
It consistsof a Firefoxbrowser extension which colledsowser event data, records answers,
and alows the configuration and collection of data from-gaed postask questionaires. The
browser extension hash e benef it of enriching a standard
providing a familiar browsing experience, while being able to recordda weinge of user ge
erated events. Theextensism | so abl e to i nter v e isablewoclode
tabs before new search tasks started.

b

the use

Keeping in mind that the HCI browser is described as a framework for conducting search
experiments, the authors explain how the HCI browser is configured individually for xach e
periment session. In order to customize the HCI browser for different appliczges, four
configuration files are loaded, which define the introduction text, the set of tasks to solve, the
pretask questionnaire, and the ptetk questionnaire. Each questionnaire configuration file
allows the definition of a full questionnaire tvimultiple types of questions, such as multiple
choice questions, or Liketype questions. The HCI browser logs a wide range of events, such
as the pages loaded, the clicked links, window and tab focus changes, opening and closing of
windows and tabs, icks on the back / forward buttons, the visited URLSs, scrolling, andshe u
ers activities in the bookmark menu. This results in a log file likeidnre 15, showinga UNIX
timestamp in milliseconds, date, time, session number, participant number, task number, action,
and the visited URL.

- a&rls=or
- a&rls=or
- a&rls=org
- a&rls=org
- a&rls=org
- a&rls=org
- a&rls=org

1248198386334 21 -
1248198386398 21 -
1248198388384 21 -
1248198389498 21 -
1248198389580 21
1248198390167 21
1248198401531 21 -
1248198411929 21
1248198413706 21
1248198413712 21

2009 13:46:26 S4 P27 T1 intask LoadCap http://iwww.google.com/firefox?client=firefox
2009 13:46:26 S4 P27 T1 intask Focus http://www.google.com/firefox?client=firefox

2009 13:46:28 S4 P27 T1 intask LClick http://news.google.com/nwshp?client

2009 13:46:29 S4 P27 T1 intask Scroll http://news.google.com/nwshp?client=firefox

- 2009 13:46:29 S4 P27 T1 intask Focus http://news.google.com/nwshp?client=firefox

- 2009 13:46:30 S4 P27 T1 intask LoadCap http://news.google.com/nwshp?client=firefox

- 2009 13:46:41 S4 P27 T1 intask Scroll http://news.google.com/nwshp?client=firefox

- 2009 13:46:51 S4 P27 T1 intask RClick http://news.google.com/news/url?sa=t&ct2=us%2F1_0_s_0

- 2009 13:46:53 S4 P27 T1 intask AddTab about:blank http://news.google.com/nwshp?client=firef

- 2009 13:46:53 S4 P27 T1 intask Info Currently open windows and t abs are logged below, but

=firefox

1248198413718 21 -

1248198413724 21
124819841597 121
1248198418755 21
1248198419965 21

1248198420088 21 -

- 2009 13:46:53 S4 P27 T1 intask Info Window=0, tab=0, url=http://news.google.com/nwshp?cli
- 2009 13:46:53 S4 P27 T1 intask Info Window=0, tab=1, url=about:blank http://news.google.c
- 2009 13:46:55 S4 P27 T1 intask Scroll http://news.google.com/nwshp?client=firefox

- 2009 13:46:58 S4 P27 T1 intask LoadCap http://www.latimes.com/news/nationworld/nation/la
- 2009 13:46:59 S4 P27 T1in
- 2009 13:47:00 S4 P27 T1 intask Focus http://www.latimes.com/news/nationworld/nation/la

- a&rls=org
-fg -

task SelTab http://www.latimes.com/news/nationworld/nation/la -fg -

- fg
1248198422564 21 -fg -
1248198433480 21

1248198433488 21

- 2009 13:47:02 S4 P27 T1 intask Scroll http://www.latimes.com/ news/nationworld/nation/la
- 2009 13:47:13 S4 P27 T1 intask submittedAnswerURL http://www.latimes.com/news/nationworld/n
- 2009 13:47:13 S4 P27 T1 intask submittedAnswerText The rare total eclipse will be visible th

NN NN NN NN NN N NN NN

Figure 15: Example log data of theHCI browser-system(Capra, 2009)

The HCI browserd a more modern approach for providing a framework for exploratory
search studies. It was published several times, while its real impact in user studies was less
overwhelmng. After its first publication in 2009 it was published as open source software.
However, its development seems to have stopped 2011

A system ndmngdisgreSsntadbgSimger et al., 2011)his system is go-
parable to the HCI browser, as it is also realized as a Firefox browser extétsoRirefox
extension monitors the userb6s interacti-on wi
end of a database, which stores the activity logs. An analysis component is able to access the

t h

4 Retrieved June 01, 2015 framtp://www.lemurproject.org/querylogtoolbar/
%0 Retrieved June 02, 2015 framttp://ils.unc.edu/hcibrowser/
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database and evaluate the results. The extensiosibte in the browser as a little icon, which

offers a menu after clicking on it. This menu allows the users to enter demographical data, and
after this is completed the users may select a search task to work on. WhilelS¢mrehis

active, the iconlashes and records the generated data. Users have the chance to pause a search
session and the recording of data accordingly. The logged data consists of implicit and explicit
data. Implicit data can be e.g. the clicked links, opened or closed tabsoketanks, started or

paused search tasks, or clipboard events. Séagher also allows the recording of explicit

data using questionnaires. Seatdggeris intended to be used in the contextldi® expei-

mens. Participants work freely on a number of méatasks, questionnaireee filled out at the
beginning of the experiment, after and before each search task, and at the end of the experiment.

SearchLogger was actually used in practig@nger et al., 2011)A study was conducted
that could prove the existence of complex search according to the defiingm (Singer, 2012,
p.17)as elaborated in Chapt2r2.2 It is interesting to remark that Seaflchgger was excl-
sively used for logging data, and did not provide feedback by revealing data to the users. This
i mplies that the userb6s search process itself
gathered during the search process. The similarities of Skaggfer with other search logging
systems show that extensions for existing browsers in caanetith webbased data reposit
ries seem to have become some sort of standard approach for logging web search behavior.

An approach going beyond plain logging of search results is preser(fedniov & Vai-
nikko, 2013) This research is done within the contex{®ihger et al., 20113nd also develops
a Firefox browser extension, but is not exclusively aiming towards logging search activities.
l nstead, thechoBkcaameadr @ Semaires to support us
the browser and extracts all text from them. The tool captures the text from the open tabs and
sends it to a remote analysis engine. The analysis engine removes stop words and searches for
similar words in multiple opened tabs. For these words, a frequency analysis is performed to
find the infrequent words that appear on several tabs. The then discovered infrequent words are
supposed to be meaningful, because they appear on more than ned oeb page and most
probably do not occur randomly. Search Excavator attaches an extra button to the Google search
bar and offers search term suggestions that provide a meaningful extension of the query. This
way, Searckexcavator provides user suppoyt teattime analysis of search actions.

This approach is loosely coupled with the search logging approaches presented earlier, as it
makes use of a similar approach like some other search loffganessents an interesting way of
capturing data and usirthis data for calculating actual help in the form of recommendations for
the searchers.

This section presemth number of search logging or related systems from 1998 until 2013.
It is worth mentioning that the potential of the search loggers increades pgwer of the web
browsers increase. This explains the increasing use of browser extensions instead ofteomplica
ed own developments, frameworks, or native applications. However, there is a surprising
amount of frameworks, which were developed but narofised. Nevertheless, this overview
of search logging systems shows their impact on research and raises the question how the data
gathered during a search session can be used to support the individual searchers. Tbhe next se
tion condenses the key propesgiofthe presented systems.
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2.5.1.2Comparison of search logging systems

This section concludes tlowerview ofsearch logging systenad the previous section. The

compari

ng table helps warlg out significant features and differences between the systems.

Oneof these properties comé&om the literature of search logging systems, while | developed
the othercriteria during my literature review.

There are several criteria that work out key differences between the individual sgarch lo
ging systerm and which cardifferentiate the approaches that have been taken to gathes-the u

er so

interaction dat a.Capre 2089%ugdestsgdiffaremtatind sy c hni c al

tems bytheir data collection approach User data can technically be gathered in four ways:

1.

Intercepting HTTP requests via HTTP proxies, which capture the requested URL and a
timestamp. Proxies are limited as they cannot capture user interaction directly.

External monitoring programs are instdlle the operating system and are allowed to
capture the user interface and application specific events.

Custom web browsers mimic the functionality of an ordinary web browser, but offer
the possibility to access all possible user interaction data, amdneaeipulation of
pages while transferring them. This approach is powerful but requires a highpdevelo
ment effort. Even if the custom browser stays close to standard browsers, the approach
bears the risk of altering known standards and therefore altesangahavior.

Extensions to existing browsers build upon an existing web browser, which gives the
extension control over and access to a set of functions. Although not being as powerful
as a completely custom developed web browser, a wide range of iritornoah be
gathered for analysis, and the required implementation effort is significantly lower than
with custom browsers.

During my literature analysis,developedeveral other criteria which distinguish the &xis

i ng
lowing:

1

appr oaches fadions duning sparah groceskes. Theseerntedissarelthe fo

The universe of sites that the search logging system is intended for. Does the search
logger work on a local database can the users access the Web?

What is thecaptured data? This is connded to the data collection approach, but even

if full access to all data is available, the presented systems only captured whatwas ne
essary.

Are the resultindogs accessible to the use?<Or are they hidden on a server and just
available to the researets?

Are the usersorced to givefeedbackduring the search process?

Where is thelata stored? Is it stored locally or on a central server?

Does the search logging system oofpture the data or is the data analyzed during

t he user 6s srevaderedhtmphelpz ess to p

For whatpurpose has the search logging system been developed? Was it buit-for d
ducing interest indicators, or was its intention more towards recommendation?

Table8 characterizes the presented search logging systems according to the given criteria.
In some publications, not much information about the technical background of the systems is
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given. Therefore, some table cells cannot be filleth Wit informatioravailable. When systems
capturemuch data, only the most important data types are presented. Some search loggers are
presented as frameworks. For these systems, the range of features that are actually used in a
study depends on the stusgigtting. In these cases, the table entries focus on the functional scope

of the framework. As all loggers are intended to log web resources, all are assumed to capture
the visited URLSs.

Table 8: Comparison of key features of the 1presented search logging systems.
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Lemur Query Firefox User que- ? Detecting search
Log Toolbar Browser ries, ® contexts from
extension timestamps 5 | queries
° o |o |8 g
= z pa > O
HCI Browser Firefox User intera- Most Framework for
browser tion with probably conducting searck
extension browser, remote o | experiments
o | history, database| 2
© | bookmark o 3 3 =3
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Vainikko, 2013) | browser gueries and database| g | mendations base(
extension words on 2 | on words on open
2 | selected ° ° ® % pages
< | pages prd Z > T

This overview compares the different sealot)ging tools chronologically. It also shows
that search logging systems have been used for capturing various types of data for various pu
poses. Unfortunately, most search loggers were never intended to be publicly available, or the
code or the accordingeb browsers were outdated when the implementétiothe thesis ster
ed.

The overview table serves as an input for the development of requirem@ttapter of
my thesis. In this chapter,evaluateall criteria inmoredetail with regards to the envisages d
velopments.

2.5.2Collaborative search systems

While the previous chapter preseatnumber okearch logging systems, this chaptes-pr
sents a technical overview of systems supporting collaborative search. Some systems have been
presented with more focus on the conceptual details in Ch2j2€y such that this sectiomf
cuses more on the technical details of the presented systems.

This overview of approaches for supporting collaborative search helps condensing this i
formation into a comparing table. Thisbta helps identifying core solutions and features that
support collaborative search.

2.5.2.1Examples of collaborative search support systems

One of the first approaches that can be considered to offer support for collaborative search
is the CSCW3 browsgiGross, 1998)CSCWa3 is a web browser prototype interpprgtevery
website as a room, where ethusercanbe in at the same time. Multiple instances of CSCW3
are aware of each other and inform their users if another user is visiting the same page. CSCW3
offers support for several types of browsing. Single users are supported by the ability of
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CSCWB to display pages and to capture the sequence of visited pages. Asynchronouseollabor

tion is supported by exchanging bookmarks, grboepkmarks, and comments on \s#bs.
Synchronous collaboration is supported by informing users when other users la@esaime

room, respectively on the same page. CSCW3 alscsdffigaport for chats between users on the

same web page. It is also possible for users to guide other users by remote controlling their i
stance of CSCW3 or to gl aaviore.galy monttonmng which s er 6 s
pages other users are currently watching at.

The focus of CSCW3 is on generating awarene
means for collaboration during searching. It is remarkable that CSCWa3 is not explicély tu
towards information retrieval but already contains elements that point towards exploratory or
complex search processes. Examples for this are the possibility of bookmarking websites or e
changing bookmarks, which already goes beyond the assumpti@ntioat one document pe
fectly matches the userds query.

Another approach for collaborative search is the Collaborative Information Retrieval Env
ronment (CIRE), as presented(lRomano et al., 1999 his system aims towards supporting
multi-user information retrieval. CIRE is a browser cajpigt he user s queri es,
AltaVista, and displays the results. CIRE automatically stores the visited pages, the queeries ex
cuted, comments, and relevance feedback for the visited pages. This information repository is
named the o6l nformation Retrieval tedeeachay 6. Us €
sults, and comments. Support for both synchronous and asynchronous search is offered. In co
trast to CSCW3, CIRE explicitly focuses on information retrieval and offers additional aollab
rative features. The users perform singéer searchesdd comments to the pages found, and
publish them. During the authorsdé evaluati on,
are used only rarely, as the possibilietey of b
ries is frequently forgotteor ignored.

The Social Web Cockp{SWC)is presented iPrinz & Grather, 2000)This approachd-
cuses on collaborative knowledge management within virtual communitiesSWazallows
collecting web resources as bookmarks and publishing those bookmarks to coesribaiti
may be interested in these resources. SimilarlyS¥WE detects the pages the user is currently
visiting and points their attention towards communities that bookmarked the page. It issalso po
sible to rate pages anthe $VWiCinautes ®varsness turttioms u s e r ¢
that allow detecting the coll eaguesd owline s
laries. The collected resources are collected as documents in the online collaboration system
BSCW! and are available fodlanembers of the respective grougiso after the actual search
session, allowing both types of concurrency and sensemadkusy if the focus of th8 WCis
less on collaborative search and more on collaborative knowledge manageewydtdm is an
exanple for connecting group searches with online document repositories; a feature which is
new to collaborative search systems.

During the |l ate 20006s, more resear b-h was
Together 6 i s pr es e nliomtive wels seaach ifMomis &Horkita, 2a07) f or c o
SearchTogether provides an online interface where users can log in and start and eancluct s

51 Retrieved June 08, 2015 framtp://www.bscw.de/
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sessions from there. SearchTogether is based on asdiemr architecture, where the client is
an ordinary browser and the server hosts the SearchTogether logic that organizes tbe user a
counts, supports the search sessions, and stores therssaith
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Figure 16: SearchTogether client features: (a) messagin{n) queries of other searchers,

(c) search result view, (d) recommendatius, (e) (f) (g) search buttons,

(h) page specific comments, (i) SearchTogether toolb&f) browser (Morris & Horvitz, 2007) .

.

SearchTogether provides the searcher with an interface that connects several search
supporting featws €f. Figure 16). Theinterface supports asynchronous interaction by captu
ing the search query history or storing comments for pages. Synchronous interactiquoiis sup

ed by
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tory grow. All search session results are stored on the SearchTogether server and can be shared
by the collaborators. The authors are guided by three aritdrich were developed using a-su
vey on web search habits. These design criteria are awareness, division of labor, and persi

tence.
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(Morris & Horvitz, 2007) Division of labor is indirectly supported by enabling instant ngssa
ing or by recommending pages to the collaborators. Another explicit approach of dividing labor
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tors to evaluate the results collaboratively. Persistence is achieved by storing the session data on
the SearchTogether server and making it available for lateéseeUsers can therefore catch up
to the state of anasyc hr onous

cess history.

search

process

by

D-vest

SearchTogether is one of the first systems that strongly aims towards supporting @ollabor
tive, complex search processes. The storing of session information and sé&#acts an an
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online repository reminds of theocial Web Cockpit. It is not clear from the evaluation if the

authors achieved their goals completely, as drawbacks were not reported. For example, some
features seem to be intended well, but may turn obétannoying. One example for that is the

split search opti on, which clutters the coll &
search tabs in other usersod6 browsers.

A more practical approach for collaborative browsing is presentédnrershi & Morris,
2008) This paper presents CoSearch and focuses on synchrondosateal search processes.
The system is intended for physical settings in which not enough computers are available to
support each searcher, which leadstesocear cher s standing around the
er. The authors identify a set of problems that occur in these sitsiatificulties in contit-
uting to the search process, |l ack of tuwe sear
tions, a lack of handsn learning experience, differences in speed among the searchers, or the
loss of found information. CoSearch éfes the casearchers to take part in the search process
more actively. It achieves this by connecting several mice to a computer, which is claimed to be
easily achievable in lowost physical settings. Each group member then controls a separate
mouse curar in its own color. This allows the leading searcher to enter queries, from which the
co-searchers can select results and append them to the web page queue, which helds the r
sources for further investigation. CoSearch allows adding notes to pages dedhgesearch
results to all participatordnterestingly, both featuregeaused only infrequently. CoSearch is
extendable by integrating smartphones or other devices from co searchers via Bluetowoth, allo
ing them to influence the search process even mneogeby entering queries.

Hardwarecentric approaches like CoSearch are described rarely in the literature. While the
authors report that the e®archers liked to have more of a say in what is going on during the
search, a real gain in the quality oétbearch process or search redglt®t investigated.

An early example of an approach which explicitly tries to support exploratory search is
Cerchiamo(Golovchinsky et al., 2008) The authors i1identify the tw
6mi nerd for col | abMieadht prasgecta dissavarshpotgntially premsising s
search directions, the miner digs deeper into the resources given by the prospector and tries to
find interesting information. Cerchiamo explicitly supports synchronous, collaborative search
independen of the spatial setting. The prostpector &
ing documents for further investigation. These documents are then sent to a list of possibly rel

vant documents in the minerés hesadmakeseker f ace.
vance judgements for the results, the miner evaluates the documents and sends quegy term su
gestions to the prospector. Based on the currtr

updated based on their relevance. This meantswien the prospector turns away from a query
path, the accor di n gesalrodistgeteankedsdownn t he mi ner 6s

Cerchiamodés approach is special with regard:
search process. The user interface ted available actions differ depending on the selected
role. In reality some problems can occur with such systems. Users may switch betwedhn the di
ferent roles based on their experience with atepix of the search process, or users may not
have the tina to work on a certain topic synchronously.

86



(Paul & Ringel Morris, 2009ne nt i o n mergéncecott@ols to support collaborative
we b s ebaringtlabtime, several solutiorfscusingon more core problems of collalaer
tive searchemerge such as sensemaking, or specific application agragdeo organization.
CoSense is a system foaugion enhancing sensemaking for collaborative web séBRall &
Ringel Morris, 2009) The aithors identify a set of challenges which complicate the seksema
ing process. These challenges are missing awarafeshat other searchers are doirige
missing sense of temporality in search processes, and a missing persistence of both the search
process and the search products. Especially when it comes to temporality,ppatscof the
study wanto see a chronological ordering of all events in the search process, as well as the ev
lution of queries tobuild upon them. CoSense offesspport for thes three challenges by
providing specialized views for each. Thes e ar ch st r at angvewiew ofthee wd of f er
ot her search membersdé visited pages anod therefor
videsa unified chronological representation bétactions of allteammembes . The Owor kspac
vi ewd swiing alpwreducts of sensemaking, such adadists, decisions, notes, orme
ments (cfFigurel?).

o CoSense: Fun in Seattle [=)fE =S

Search Strategies | Timeline | Workspace |Chat Transcript|

I
To Do |
* decide on cultural activity

choices = art musuem or native history musuem

Show All v

victrola coffee 15th seattle - Google Maps

hitp://maps google.com/
* check on discounttickets to bainbridge island

l [*] bainbridge food (™ ige (budget = $50 per personi)
Q | like the sound of this. { Hde * check timing info for Underground Tour

Add comment

Tags: Restaurants Seattle | AddTag |

Visitors:  Oleg Mario

Seattle Underground Tour Scratch Pad
R/ fvesse mderrochdour con! tinerary Decisions so far.
8] ative [Chge |
A # Saturday = Seattle Underground Tour
l Yes - b the underground tour and d are both there. Subseattleis isn"t onsite. [~ g | Sunday = lunch on Bainbridge

Q This sound like very intersting, we should do it [ g |

Add comment

Tags: Culture Seattle [ AddTag |

Visitors:  Oleg Tim Mario

Seattle Underground Tour - Online Tickets Additional Materials
hitps:/Awww. aspx7id=1date=06-14-2008 budgetxs

l pricing info [ ge ]

Figure 17: Workspace view of the CoSense syste(Raul & Ringel Morris , 2009)

A system for asynchronous, remote, collaborative video search is based on the VESOR sy
tem (Halvey et al., 2010)This is new because most research on collaborative search in mult
media systems concentrates on synchronowpaated search cases. ViIGOR focuses on the
problem of collaborative categorization and searching in leidgo databases in an asyrwhr
nous way. Using ViGOR, videos can be annotated and grouped by user defined criteria, which
makes this system unique. The developed system supports collaboration explicitly by storing
search sessions which can be evaluatedcantinued by other users. It supports collaboration
implicitly by allowing searhing all groups of videos that wecreated previously by othes-u
ers. Therefore, users are encouraged to reuse as much information from other users as possible.
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Compared to @in collaborative search systems, the technical features of the VIGOR based sy
tem seem limited, but at least collaboration can be supported by enthgipgrsistence of
search results.

WeSearchRingel Morris et al., 2010)s another approach for collaborative search under
special ciramstances. WeSearch is an applicabemgdesigned for a 1.2rny 1.8m large st
face table, which supports muttuch interaction by several users. It therefore aims towards
synchronous, ctocated, face to face collaborative search. The implementatid®e&earch
supports up to four collaborators, each working on one side of the surface with-acct#dr
toolbar. Users are able to browse the Web and move their browser instances to the collaborators.
They can extract pieces from web pages, which is edaly parsing the Document Object
Mo d e | (DOM) of the pages. A speci al 6clip sea
for normal results, news, and images on a given query. This way, labor can be divided between
collaborators. A stream of thelcd abor at ords actions is displaye
in front of each user. Furthermore, clips can be organized irdefieed containers and arae-a
tomatically attached with metadata. The search results can be exported as XML files for further
anal yses. This feature set enables users to b
persistence to search results. The stugply show
port division of labor, users do not use it that way. Labaather divided by communication
and coepresence than by the use of technical features. With respect to sensemaking, it turns out
that clips were useful, and that organizing the found clips is liked by the participants. Further
tagging of the clips is @sl only rarely. WeSearch shows another approach of collaborative
search solutions for special technical settings. It is interesting that participants take the line of
the least resistance when it comes to more complex tasks like division of labor.

A more ®mmercial approach is SearchTé3mwhich is a commercial online collaborative
search support platform which combines search processes with content cufafdgu(e 18).
SearchTeam was launched in 2011. Users can create online search spaces on custom defined
topics. The search spaces offer the possibility to organize the found resources into @istom d
fined folders (top bar in the figure) and to add comments, liok$les to each of them. The
search spaces can be shared with collaborators, which are displayed in the right sidetar. An a
tivity toolbar informs about the coll aborator
liked, and the commenting functicallows communication among team members about the
found resources.

52 Retrieved June 12, 2015 franttp://searchteam.com/
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Figure 18: Example screen of the SearchTeam systéf

SearchTeam is one of a few public collaborative search tools which still are accessible. It is
mainly focused on the collection and storing of bookmarks. The integration of social ketwor
ing services allows contacting e.g. the network of Facebook friends for new searchds. Searc
Team does not support extracting and organizing relevant information fromarabéserefore
stays on the level of a bookmark collection.

CoagmentdGonzalezlbafez & Shah, 20113 explicitly intended for collaborative info
mation seeking and is available as both a Firefox browser extension and a mobile app. While
Coagmento was a staiadbne application in earlier versions, it was turned mfirefox exte-
sion after reimplementation. Coagmento is visible in a separate tab during browsing, featuring
the capturing of information snippets from web pages, collaborative editing on text content via
the collaborative editor Etherpdd chatting, réing of information, or accessing an activity
stream of the collaboratordés actions. IWith thes
| aboration, awareness of ot her userso actions
many of the already psented systems, the system focuses on collecting and working @a valu
ble resourceslhe authors use@oagmento several experiments, isutot publicly available.

ResultsSpace is an approach which focuses more on asynchronous search in small groups.
It is presented i{Capra et al., 20123nd in(Capra et al., 2013nd is based on preprocessed
databases, where search tasks are performed with study participants. Users are able to search the
preprocessed databaseeghe results, rate the results (relevant, maybe, not relevant),dilter r

%3 Generatd with own input on June 15, 2015 bitp://searchteam.com/
>4 Retrieved June 16, 2015 frdmtp://etherpad.org/
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sults, or access query histories. A key element of ResultsSpace is the rating function}-which a

lows users to rate documents. In theory, a universe of rasrmslt up in the dadbase, which

in the end help users to easily spot documentsatkatonsidered helpful by a large number of

user s. I't is interesting that ResultsSpace al
ful 0. The ratings amdeesulis os {né rasulis dverdelw,0aadethetusers t h e
can filter the results by both its ratings and by the individual collaborators that have already
seen the document . Compared to severaln- ot her
nection to contentuwration seems to be less prominent, as the database itself is seen as a repos

tory of information which gets enriched by user ratings.

Similar to ResultsSpace is Queriyf@olovchinsky et al., 2012ps it also relies on agr
processed database to take its search results from. Querium supporsessitin exploratory
search and relies on the ratings users have given to documersgstar@fore a system foos
cial search. The system is intended to accumulate metadata dactlmaents in the database,
which buildsup a universe of metadata that can help future users to cope with the amount of
information. In order to provide this functionality, significaethnicalefforts have to be taken.
A dedicated search server featutws indices, one for document content and one for relevance
feedback. A second database collects metadata for all documents. A third database stores the
sessions and all actions and user inputs made during these sessions. This setup is able to supply
the wser with a number of functions, such as four different ways of issuing queries to the search
index, offering reviews of documents, or providing overviews of activities in a selected search
task. Furthermore, Querium offers the assessment of document§ withk e 6 andg- 6 Di s | i
ging into the query history, faceted filters of search results, or retrieval histograms. These hist
grams show when a document was accessed and which queries returned the docungent as a r
sult with what relevance over time. As thiigerface turned out to be very complex, a second
design iteration of Querium aimed for simplification of the user interface. The arcretecis
changed to reduce serv&ide computation and the query interface was unified to offer only one
type of quenyinstead of four. Furthermore, the summarizing view of the session was united with
several other elements of the user interface and the filter interface was redesigned to look more
consistent and to provide more control.

Querium is an example of a very cplex, heavyweight social search interface, following
an approach of generating recommendations from explicit user feedback. The authors describe
how they try to reduce complexity in the second version of Querium, but still the system r
mains heavyweight.tIrequires constant interaction of the users with the found documents to
create a helpful metadata corpus for other users.

An approach that combines collaborative search with social eterisethe web application
So.cP® (Farnham et al., 2012)S0.cl is explicitly designed as a lightweight combination of
searching and sharirfgnctions. So.cl allows its users to create a post on alsfifed topic,
which consists of curated elements from web resources angvtiten notes on the topic. The
post can be made public, which makes it visible to the user community which iratuome-
ment on the elements in the post. The posts mainly consist of images, which lead to the origins
of the images. Users of So.cl can follow other users and stay informed about their posts, which
allows serendipitous interaction between users on top@sl is closer to content curation than

% Retrieved June 17, 2015 frdmitp://www.so.cl/
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to exploratory search, as it picks out and connects valuable resources on a certain topic, leaving
out the context in which results are found.

Similar examples of still available, wdiased collaborative or sociabagch system$
which can be commercial or fréeare Diigoand Heystaks. Diigd® was initially launched in
2006 and is a commercial tool foaug on social bookmarking and annotating websites. Users
can clip out specific parts of web pages and add comrnteiitem. When annotations are made
public, other users can discover them. Heysfakas launched in 2010 and is a platform which
analyzs individual search data to build search profiles. Heystaks calculates interest profiles
from the search data and trigsmatch users with similar interests. Heystaks achieves this by
being integrated e.g. in shop solutions, where it captures the actions of the users being logged in
and calculates their interest profiles. Heystaks is an example of how tools can |elvergaie- t
ered search data without requiring explicit interaction from the users.

This section presest broad range of approaches towards social and collaborative search,
even if some of these approaches are similar to each other. Although this overwelegpro
insights on a number of different systems, they can only be an excerpt of the approaches being
developed over the last 20 years. The next section analyzes different aspects of all the presented
systems and combines them into an overview table fegttine distinctive features of theepr
sented approaches.

2.5.2.2Comparison of collaborative search systems

This section concludes the collaborative search systems overview of the previous section.
A comparing table helps to work out significant properties antifes of the systems. Some of
these properties come from the literature of collaborative search; some characteristics emerged
from the analysis of the systems and are appropriate to work out the differences.

Considering collaboratiorfGolovchinsky et al., 2009york out four dimensions of colta
oration for categorizingollaborativesearchsystems. For a more detailed introduction on these
dimensions, please refer to Chafe&2.5 These dimensions are:

Intent: explicit vs. implicit.

Depth of mediation shallow UHevel vs. deep search engine level.
Concurrency: synchronous vs. asynchronous.

Location: co-located vs. distributed.

WP

These dimensions of collaboration can be extended by the four basic aspects ofazollabor
tion, which were developed HKelly & Payne, 2014)For a more detailed introduction on the
basic aspects of collaboration, please refer to Chaes Theseaspects are:

1. Awarenessof t he col |l aboratorés actions.
2. Division of labor between collaborators.

3. Persistenceof collaboratively generated results.

4. Support for collaborativeensemakingof found results.

% Retrieved June 17, 2015 framtps://www.diigo.com/
5" Retrieved June 17, 2015 frdnttps://mww.heystaks.com/
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Table9 summarizes the position of each collaborative search support system towards each
of the first eight criteridrom the literature review

Table 9: Comparison of 8 key characteristicof the presented 16 collaborative search support systems.
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CSCwW3 Explicit | Shallow | Both Remote | Yes | No No No
CIRE Explicit | Shallow | Both Remote | No No Yes No
SOCIaI.Web Explicit | Shallow | Both Remote | Yes | No Yes Yes

Cockpit
- Both, Catch
SearchTogether| Explicit | Shallow up possible Remote | Yes | Yes Yes Yes
- Co
CoSearch Explicit | Shallow | Synchronous located Yes | Yes Yes No
Cerchiamo Explicit | Deep Synchronous | Remote | Yes | Yes Yes Yes
CoSense Explicit | Shallow | Synchronous | Remote | Yes | Yes Yes Yes
. . Not
VIGOR Explicit | Deep Asynchronous Remote | Yes explicitly Yes No
WeSearch Explicit | Shallow | Synchronous co Yes | Yes Yes Yes
located

SearchTeam Explicit | Deep Synchronous | Remote | Yes | Yes Yes No
Coagmento Explicit | Shallow | Synchronous | Remote | Yes | Yes Yes Yes
ResultsSpace Implicit | Deep Asynchronous Remote | No No Yes No
Querium Implicit | Deep Asynchronous Remote | No No Yes No
So.cl Implicit | Shallow | Asynchronous Remote | No No Yes No
Diigo Implicit | Shallow | Asynchronous Remote | No | No Yes No
Heystaks Implicit | Deep Asynchronous Remote | No No Yes No

The aforementioned criteria directly originate from publications on collaborative search
systems. Adding to thesriteria, | developed several other criteria during my literature review
process, which are appropriate for describing key features of collaborative search systems.
These criteria are:

1 Can the overall system be consideligiitweight for any user of the system, meaning
that the tool requires a low installation effort and low efforts for understandingsand u
ing its features?

1 Does thesystemoffer the possibility oBynchronous communicatior?

1 With whichtechnologyis thesystemrealized Is it a web browser extension, a stand
alone system, or another approach?

1 Which collaborativartifacts are generated during the collaborative search process?

1 Is there mordnardware neededthan an ordinary browser and PC involved or needed?
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1 Is the coopation withunknown partners possible?

1 Does thesystemcapture thegemporality o f acti
guence and offer it to other users for analysis?

1 In whichuniversedoes the system work? Is it set up on a predefined databaseyin a ce
tain collaborative work environment, or can it be used for accessing the Web?

91 Isit possible taate the foundresources may it be positive or negative?

ons, e.g. ethe usero

Table10 anwvers these questions for all the presensgdtemsand approaches, wheregpo
sible. In some cases, the informatidmen in the cited publications inot sufficient to answer
all questions, or the information given in the publicatioossthot address theugstions expt-
itly. The entries in the table cells are not exhaustive and concentrate on the envisioned use of the
systems. For example, all online systems are technically capable of being used by several users
at the same time. However, systems that dbexplicitly afford synchronous interaction by
their user interface elements are not counted as synchronous systems. Ratings for example can
be expressed by any commenting feature, if availdhde@ever when a rating is not explicitly
implemented, the syem is considered to provide no rating optioreble 10 summarizes the

position of each of the collaborative search support systems towards et niie self
developed criteria.

Table 10: Comparison of9 key characteridics of the presented 16 collaborative search support systems.
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CSCWws3 No | Yes Web Bookmarks, | No Yes | No | Web No
browser Comments,
vCards
CIRE No | No Web Comments, | No No Yes | Web Yes
browser Ratings,
History
Social Web No | No Clientside | Bookmarks | No Yes | No | Web Yes
Cockpit Java app!
cation
SearchTogether| No | Yes Online Search s& No |No | No | Web Yes
interface sion object
CoSearch No | Yes, Browser + | Links, Yes | No No | Web No
offline | Hardware comments
Cerchiamo No | Yes Clients, List of doc- No No No | Web ?
Server with | uments,
algorithmics| ratings
CoSense No | Yes ? To-Do lists, | No No Yes | Web Yes
decisions,
comments
VIGOR No | No ? Categorized | No Yes | No | Video No
videos database€
WeSearch No | Yes, Surface Save table Yes | No No | Web No
offline | table state
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SearchTeam Yes | No Online Bookmarks, | No | Yes | No | Web No
interface excerpts

Coagmento Yes | Yes Firefox Collabordive | No | Yes | Yes| Web Yes
browser notes,
extension+ | bookmarks
mobile app

Results Space | No | No Special Ratings No No No | Text Yes
view on database
database

Querium No | No Special Ratings No | Yes | Yes| Text Yes
database database
browser

So.cl Yes | No Special Images, No |Yes | No | Web No
database comments,
browser bookmarks

Diigo Yes | No Online Webpages, | No Yes | No | Web No
interface comments

Heystaks Yes | No Online Searchaci- | No | Yes | No | Web No
interface ities of users

This overview shows central criteria for distinguishing collaborasiearch support sy
tems and their development over time. The overview table serves as an input for thp-develo
ment of requirements iG@hapter f my thesis.

2.6 Relatedwork for other parts of thiéhesis

The previous subchapters fooms several theoretical and practical aspects around search
and collaboration. For the systdmingdeveloped in this thesis to support discontinuousy-asy
chronous collaborative, congx search, some other aspects are of importance. While some
technical aspects like the common approach to build web browser extensions for developing
collaborative search supporting systems have been discussed already, others are still missing.
Such operpoints are the ways of visualizing search related data and the mathematical measures
for graph complexity.

2.6.1Visualizing search related data

In cases when information captured during search processes is visualized for non
professional users, the type of \adi@ation is relevant. Several studies have been performed to
find out which types of visualization are most appropriate for certain application cases. Al
hough this is not the main focus miy thesis, | provide a glance on the literature of visualizing
sarch related data.

For visualizing the individual userds sear c
found. Studies have been performed that compare the value of textual representation of search
results with 2D and 3D representatio(fSebrechts et al., 1998puld show that in terms o6
cating a resource in a given visualization, text interfaces outperformed 2D and 3D solutions for
paricipants with low computer experience. For participants with high computer experience, the
results for the 3D visualization were as good as the results for the textual representation, and the
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results for the 2D visualization were worse than both. Thes#igésdicate that plain text inte

faces may lack in visual attractiveness, but are effective nonetheless. Similar results with respect

to 2D and 3D representations of semanhformation of database content in virtual spaces are

reported by(Westerman & Cribbin, 2000) who <c¢l aim that &éthe amount o
information that cand conveyed by a thredimensional solution does not outweigh the aissoc

ated additional cognitive demandsb®d. These result
tions of search results should not be underestimated, as they seem to afford scarumghg thro

results and therefore enable users to easily locate the desired results.

When it comes to large result sets, additional approaches of providing overviews of such
data may be helpful. If the results share certain characteristics, approaches liknglostec-
eting can help with the initial organization of the d@ieaarst, 2006)Especially facets can help
users as they O0pr omdHeast, 20O& p.@lwhich hetpsusersvasgtheyr ecal | 6
do not have to remember the results explicitly, but can relocate results in a larger set by evalua
ing the given facets. However, facets require a dataisese key characteristics are knowat b
forehand to identify and populate the facets, which is not feasible for web search. Clustering is
used in some systems6 visual interfaces to struc
Ontology Project for Elevier) browse(Stuckenschmidt et al., 2004fhe DOPE browser is a
special development faxploring resources on drugs and diseases. It provides supporgfor th
saurusbased search and togdased exploration of search results and makes intensive use of
clustering result sets in a visual wéluit et al., 2006) In comparison with other 2D and 3D
data visualization approaches, clustetimgenerally liked, ad hels the participants identiig
sets of documents to avoid and to keep track of relevant resulsérechts et al., 1999)

When it comes to the visualization of smaller result sets, it can be argued that more visual
representation may be helpful for users to relocate known resources or to get an overview of a
set of unknown resources. This could be achieved by using thumbmaidh are small images
of websites, integrated into a visual interface. Surprisingly, thumbnaikhavento be of only
limited value in these application cases. In a st@@ygerwinski et al., 1999t participants find
archived web pages by various clues. The participants derethe web pages several months
earlier and stored them in a spatial location memory. The results are presented to the partic
pants after several months either by thumbnails or by blank squares as visual clues. It turns out
that the presence of thumbhas does not i mprove the participan
squares after an initiation phase. Similar resatts presenteth (Dziadosz & Chandrasekar,

2002) where the utility of thumbnails in web search result displays is evaluated. Users are
asked to decide on the relevance of pages in eds&® there was given only text, only thom

nails, or both text and thumbnails. It turns out that the user decisions with the plain text interface
are more accurate théme plain thumbnail interface.

Comparing the plain text and the combined interfacessuscore a bit better with therge
bined interface. During the study describedKelly & Payne, 2014)participants work with the
systems Diigo and Coagmento. Diigo stores web pages as textual descriptions, and Coagmento
stores thumbnails and presents them to the users. Paradoxal, the participants usingibiigo ind
cate a desire for thumbifs where the users of Coagmento demand more textual descriptions of
the stored pages. Summing up the evidence from this set of publications, thumbnails alone seem
not to be helpful, and when used in parallel to textual descriptionscémelyelp a litee. Despite
the limited practical impacbf the thumbnailsusers tend to desire what is not available. They
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demand thumbnails when they are not available, and demand text when the thumbnails dom
nate the user interface.

When it comes to the visualizatiofi@nnected URLs and user paths through trgmamph
visualizatiors arethe most natural representatiosf such information. As long as the graph is
dynamically extending due to ongoing user interaction, static laymad to bdaid out anew
after each lsange of the underlying data structure. This may be cumbersome as the user would
have to orient in the new graph after each change. These problems can be avoided by choosing
force-directed graphs as a layout mechanism. Fdiexted graphs are visualizeéda floating
manner, with virtual springs between the nodes, which make them readjust after every change
without changing their look drastically. Forderected graphs are describedEades & Huang,
2000)as being an approach for the visualization of large data sets and égpesiiagraphs are
mentioned for these purpos€kades & Huang, 200Qjescribe a rather complex architecture
necessary to realize forchrected graphs, while recent JavaScript visualization librariesasich
the o6Data Dr Pvranmewold e wapable tok such visualizatiomghin web
browsers at runtime.

The results in this section indicate that the textual representation of found search results
and user generated data cannot be considered inferior to more visual approaches, and-that force
directed visualizations are a nmsafor visualizing navigation information.

2.6.2Measures of graph complexity

The visualization of a graph helps the viewer to judge the complexity of the graph. While it
is easy to judge relatively whether one graph is more complex than another graph, providing
absolute measures is hard. Comparfingure 19 and Figure 20 with respect to complexity, it
turns out that the graph Figure20is obviously more complex than the ond-igure19.

Qw Printing - CNN.com

3D printing -\Wikipedia, the f
3D Printing: Employment Boom o

neluster: www.google.de

3D Printing History: The Free
O3'ders‘org - 3D Systems news
What is'3D printing? How does

3D Printing Applications Frag Printing Basics: The Free B

%lmmg Technology: Free B

D _Printing'Materials: Free Be

Figure 19: Lesscomplex example search graph from the first SearchTrails user study.

%8 Retrieved June 23, 2015 framtp://d3js.org/
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Figure 20: More complex example search graph from the first SearchTrails user study.

Several approaches have been ma dahentatcal c al
way. One more recent approach in calculating the linear complexity of a graph was made by

cul at

(Neel & Orrison, 2006) who mainly compute the graph compl ex|

tri x. The authors define graph complexaaty by
cency matrices. As to their definition, 6t he

hard it is to compute AX, where A is an adjacency matrix of the graph and X is a generic vector
of t he ap p(Neep&drrsdn,e20086,ip.4)e practice, the aoputation of the cm-

plexity required finding irreducible graphs by reducing graphs and calculating their complexity
recursively, which was not turned into practicehiathesis for practical reasons.

Nevertheless(Neel & Orrison, 2006)nentiona publication byMinoli, 1975), who can-
putes the complexity of a graph by a formula involving the numberrtitgee, edges, and o
er paths. As the different measures of complexity are not comparable anyways, anah-the co
plexity of the graphs in théhesis is always determined by the same measure, | chose td-invest
gat e Mi n ol ardthesiseMinelufarnalates four properties his complexity function
fulfills (Minoli, 1975, p.651)

1. 6The complexity should be monotonically
graph;

2. The complexity should be monotonically increasing on the number of edges of the
graph;

3. The complexity should reflect the degref connectedness of the graph; and
4. The complexity should satisfy our mntui

A

ti

ber to a graph which 6l ooksd complicated,

Minoli defines his measure of complexity for normal graphs, which areected, und
rected graphs with no multiple edges, no-tmdips, and having more than two nodes. Proper
paths between two different nodes are defined as paths that include each of the two nbdes exac
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ly once (as the initial and final vertex), and contain pasticular edge no more than onéi-

noli, 1975, p.652) Although the graphs constructed in ttieesis are directed to resemble the
userds paths between resources, | chose to om
not relevant for the perceived complexity of a graph, therdfarel f i | | i ng al |l of Mi

Based on these prerequisites, Minoli defines his measure of the complexity of a normal
graph fulfilling the given properties as:

€ Q

E Q
iy

.. O

Where

1 ..."Ois the complexity of a graph G = (V, E)

1 V={0,if a}is the set of vertices

 E={(0), 0T }isthe set of edges

T e=|V|

1 0= ||

1 1 "@AQis the number of proper paths of length k from nadéds U )

Based on thiglefinition, the complexity of the given graphs can be calculated andseturn
value of 3,761.3 for the less complex grapigre 19) and a value of 86,484.3 for timeore
complex graph Kigure 20). Obviously, the complexity measure and its respective computing
time are influenced by the highly connected parts of the graph, aspidmtsexponentiallyn-
crease the number of proper paths between two given vertices. Larger graphs therefore result in
far higher complexity values. In order to cope with these exponential slopes of complexity when
comparing them to other linear measuithg, complexity values need to be logarithmized for
such purposes.

2.7 Recentitends

Adding to the overview of related work and concepts, | want to prominently point out some
recent research which is connected to the work presented in this thesis and whikmeoigp
the work presented in the previous subchapters.

Recent publications and workshops show a steady interest in supportirizpsezb con-

plex search tasks. These resources include a paper on CIKM&0&dallah et al., 2014pr a

wor kshop on O6Supporting Complex Search Taskséo
Retrieval 2015Gade et al., 2014Another workshop withhie same title was held on the ACM
SIGIR(Belkinetal.,2012) It is remarkable that despite t he
searchbod, only one of the publ i cat(Awadalahétakes a
al.,2014d ef i ne <compl e x-aspeetar acnuklstepsnfodnatiomeead conisisting

of a set of related search taskso6, (Sinpeuet negl €
al., 2012a)For a definition complex search the authors also refefMarchionini, 2006)and
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(White & Roth, 2009)which both define exploratory &&h, thus implying a synonymous use

of complex and exploratory search. Apparently,
property of a search task, not needing a definitiomsdneingsynonymous to the term expéor

tory search.

Some work has beatone with respect to search trails and their analysis. A very recent e
ample from Microsoft research (8wadallah et al., 2014)The authors propose suggesting-qu
ries to users which belong to thematically related search tasks. In order to achieve this, the a
thors access t he s e ahlrendine BirggThe seafch Ibys of single askrs 6 s s e ar
are determined by theiP addresseseparated into sessiqrmd analyzed. When users age a
sumed to be ermged in complex search sessidims related search terms are used to build up a
repository of commo search tasks. These related search terms are then assembled to form a
graph of connected search tasks. Searchers entering terms from these graphs receivearecomme
dations for related search terms. This approach analyzes the trails the user leave @idserver
to extractgeneralizednformation, and tries to generate added value for future users.

An earlier approach which is concerned with tF
(Singlaetal.,2010) It i s interesting that the aiwthors fir
cient for vague or complex i nfor mgSingloetal.,needs 6, a

2010, p.443)The authors from Microsoft research widely distribute an Internet Ex@gter-

sion, which captures time stamps and the visited web pages and send this data back to M

crosoft. The captured data does not include explicit user feedback, such as specific highlights on

pages, or other ratings of the content seen. This data idaigederate trails, which are ewal

ated with regards to length, breadth, depth, or diversity by a number of different algorithms.

These algorithms determine the value of a search trail for a given initial query and try to find the

most useful trail basedouon t hese scores. The authors assume 0
queryr e s u |l (Bindp et al.r 26010, p.450) They cl aim that the paths sc
the average over al($inglaetali 20K, pf442) nl do wtehde rbeyf oursee rdésdoe |
val ue t o us e(Bimla et\ale P010p p.44.8tiisnntefesting that the authors can

show that search trails can provide vato users, although they do not reveal exactly how they

evaluated this added value. The paper suggests that no study has been performed with human
participants and that the described analyses are purely theoretical.

The papers presented here show a steadlyrecent interest in complex and exploratory
search since its first definition in 20QBlarchionini, 2006) The presented approaches are-sim
lar in that they gather massive amounts of data on ssigderto extract some sort cbmmon
knowledge from, which is then again presented to other users. The drawback of these solutions
is that thg assume that there is one single H#ghg answer for a given search case. Tdps
proach provokethe existence of a filter bubble as desed in(Pariser, 2011)as recommerad
tions are generated from a dominating set of information. Current developments use search
trails for recommendation rather than for collaboration. These approaches are still close to cla
sic information retrieval, in that they try to showvay to reach a final information goal.
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2.8 Conclusion andutlook

In this chapterl deriveinsightsfor all parts of this thesifom ananalysisof related work
The work in each subchapter supports and influences my own Wotiknow, the idea of arb
trary tail through the Web has not yet been realit@tioose the definition of complex search to
work with andsupport search processes modelethieycyclic model of foraging and sensdma
ing. My approach values the importance of negative search resulenahts the capturing and
exchangingof negative searclgtudy results on the search behavior of res¢rs suggest limi
ing the technical complexity of search support systems even for experienced egeral -
vioussolutionsfor my approach, likéookmarkingor PIM, are not suitabléor solvingthe ch&
lengesof capturing search results as a whole, enabling the exchange of search results between
collaborators, or resuming interrupted searches

From theanalysis ofl1 systemgor logging search adfities andl6 systems for supporting
collaborative seargH developtwo comparing tablewith selfdeveloped and literatwaerived
criteria. | evaluate these tabliesthe following chapter to work out the desired characteristics of
the envisioned systerhrealize my approactwith the help of forcedirected graph visualization
techniquesanduse graph complexity measures floe evaluation of search artifacEnally, my
approach differs fromecent trends of capturing and analyzing search @asils\alue the ind
vidual search trail over generalized recommendations or seideanalyses

Taking togetherall insights from this chapter, the main goalnof thesis gets cleatn my
thesis | develop and evaluate a system for supporting discontinuous, asynchronous, &ollabor
tive, and complex search. Thgstem relies on the concept of capturing search activities-of u
ers and visualizing them as trails, which can be annotated and enrichethdgtameT hese trails
are assumed to provide added value to other users, as they have the power to completely reflect
performed search processes and reduce work load for the collaborator.

The insights of this chapter already help delivering parts of theeaago the research
questions RQ1.1 6Search trails wvalid?6s-and RQ
torical origins of search trails (cf. Chapt2rl) and the recent developments towards search
trails in search support (cf. Chapter) provide positive indication towards answering research
question RQAh1t 6Arkessaameans to resembme the
ilarly, the comparing tables in Chap@b.1.2and Chapte.5.2.2provide an overview of
sible features and approaches for answkering R
fer to the users to support capturing both the context as well asnkeyifings of a web s
These tables are evaluated in the next chapter in more detail.

In Chapter 31 build upon the related worresented in this chapter and evaluate it.nMai
ly, the work presented in Chape2.1, 2.2, 2.3, 2.5, and2.6is evaluated. This way, the related
work helps develapg requirements and finally ressin arougharchitecture of the envisioned
system.
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Chapter 3
Concept and@proach

In the first two chapters ahy thesis, | provide a motivation and an overview of related
work on supporting asynchronous, collaborative, complex search. In this chapter, | draw co
clusions from both the motivation @hapter land the related work i@hapter 2of the thesis.
Based on the motivation and the related work far ttiesis, | progress with deloping e-
quirements for a system which is able to answer the main research question developed in the
Chapter 1 Cad search trails provide support for complex wearch and how should toolpsu
port look like®d . I name t he SearnchTradsd onasl istysitemaldl e to sup
nous, discontinuous, collaborative, complex search tasks by building search trails.

In the motivating scenarios inChapter 1| describe three situations in which users face
complex search tasks and want to collaborate with other users on the information found. These
scenarios do not descehbnteraction with a concrete system, but make the problems with cu
rent systems vVvisible. The envisioned segystem 06Sec:
scribed in the scenarios can be solved with it. The related wdtkapter 2shows that most
current systems cannot provide support in these problem scenarios.

This chapter helps working out how the envisioned system needs to be constructed to
achieve its gals. The analysis helps building on best practices and at the same time avoiding
errors that have already been made. In Chapfied develop high level requirements from the
motivating scenarios and abstract requirements from the analysis of the related work, which
specify system properties or the system behavior ionetechnical way. In Chapted.2, | clus-
ter the abstract requirements from the first subchapter and derive technical requirements from
them for the envisioned syste In Chapte.3, | develop a concept of SearchTrails in terms of
a series of user interfaces with their respective features. In Cl3agtéoutline arougharch-
tecture for the envisioned system, while the Chapfsummarizeshe main results.

This chapter as a whole delivers input for ans
trails valid?6é6, as it develops the core ideas f
search trails. Chapt&&.2del i vers i nput for answering research
tions?06 by the technical features developed in t

3.1 Deriving abstract requirements for SearchTrails

This subchpter is divided into two sections. In the first section, | summarize and analyze
the three motivating scenarios fro@hapter 11 derive a set of features from eastenario,
which could help the users in the specific case. | then summarize these features to &-set of d
sired highlevel characteristics of the envisioned system. The features are meant to sensitize the
reader for the analysis of the related work fr@mapter 2 which is done in the second section
of this subchapter. | derive abstract technical requirements from the related work anghthe co
paring tables. The abatt technical requirements do not describe detailed technical solutions.
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They define a set of desired characteristics the envisioned system SearchTrails needs to fulfill.
This ensures that SearchTrails can both provide help in the motivating scenarid$hengdame

time builds upon best practices of the related work and avoids commonly made errorg-In Cha
ter 3.2, | match the abstract requirements with the tecinmequirements, which form the base

for developing a concrete concept and an architecture of SearchTrails.

3.1.1Analyzing the motivating scenarios

The historical origins of the information overload problpresented irChapter lreveal
that the problem has always been a child of its time, and each generation has found ways to
cope with it. In our days, it seems that not the existence of information is questionabe but t
ability to find it. Be aware that the information might not be available in one documeng-but r

guires the userod6s individual synthesis of inf
sharing a set of resources. Logically, researchers demandnficet hods f or bui |l di n
reading and experience, so that we dgBlafg, not r
2010a)

The three scenarios i@hapter leach describe a problem which occurs during complex
search tasks. Here, | take a glance at the three scenarios with respect to key features a software
system like SearchTrails shoubffer to support the complex search tasks described in the sc
narios.These featurealsocover the basic requirements mentioned in Chahtandprovide
more detail on them.

The first scenari o (of Cmpeald.i) deacgbesshovstieeasingteh pr o«
user Chrisdé interest is drawn on the tiepic of
tial complex searclon the topic. He gathers a lot of information during the search process on
coffee preparation, but the information is of very inconsistent quality. After the initial search
session is over, he wants to remember the helpful resources, but is unable .tondGheapter
1.2, | derive a challenge from the scenario, which is: How to capture the information within its
context going beyond plain bookmarks? And how is égille to mark the helpful and the less
helpful search results? This leads to several individual features which could achieve this (The
concept namem brackets allow clustering the hidével requirements at the end of thixse
tion):

1 Capture thanteraction of the user with the Web during complex search taskp: (Ca

ture)

Build a visualsearch r ai | of the wuser6s navigation th
Let the user point out which resources are valuable. (Interact)

Let the user point out which regoes do not contain the desired information. (Interact)

1 Capture the valuable resources within their context. (Capture)

=A =4 =4

The second scenari o (6Exchd4d.pdeasampshmeamch res
versation between Chris and Carol triggers the wish to technically exchange information on a
topic. While Carol faces an information need on a certain topic, Chris may help with offering
information on the topic. This information has been gathered durprguious search process
and contains very valuable resources, but also resources which turned out not to be helpful.
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Carol now wants to build upon the information to get into the topic more efficiently. The cha
lenge derived from this scenario is: Howitipossible to enable collaborative search, such that
workers can start working from other users search results? The following features can provide
help in the described situation:

1 Store the search trails on a remote server. (Store / Retrieve)
1 Remain the ofiltered search results in the search trails. (Capture)
9 Provide search trail identification numbers for easy access of the search trails. (Store /
Retrieve)
T All ow the extension of another wuserds search

The third scenarmricdh 6( 6 Cdn.g deduibestipw @ biomedizal
researcher starts conducting a complex biomedical research, but gets disturbed after a while by
an urgent exp@nent. After some time, the researcher wants to continue the previous research.
At this time, the cognitive context of the started search task is lost. The data could also be gone
completely, as a forced system reboot has triggered cleaning the browasy. fiise challenge
derived from this scenario is: How to resume an interrupted search processes and to update the
information on a topic? This leads to the following highel requirements:

Store the unfiltered search process of a user as a searc{Capiture)

Regularly save the current progress. (Store / Retrieve)

Allow catching upon search processes by recreating search trails. (Store / Retrieve)
Allow investigating the detailed search process of collaborators. (Interact)

Allow highlighting valuabé information and marking valdess resources. (Interact)
Visually organize parts of the search trails to allow easy evaluation. (Interact)
Allow the extension of an own search trail. (Extend)

=4 =4 4 4 -4 -8 -

The high level requirements derived from the three scenariGhapter lalready provide
an idea of the overall functionality of SearchTrails. Clustering the requirements resulting from
the scenarios, SearchTrails has tdilfuhe following high-level requirements:

T HL1 O6Capturebd
SearchTrails is a system that captures the course of a user traversing the Web during a
complex web search as a search trail.

T HL2 o6Visuali zebd
The actual visual search trail shall be generatgdmatically based on the interaction
of the user with the Web.

T HL3 o6l nteracto
SearchTrails should offer the users possibilities to interact with the trails. Thegse poss
bilities include enriching theearchtrail with valuable information, markingalueless
resources, and methods to automatically organize the search trail.

T HL4 o6Store [/ Retrievebd
SearchTrails needs to provide an ID when storing the search trail, with whick-the r
spective search trail can be retrieved from the external storage mlaffbee search
trail can be retrieved via the Internet by anyone who has the ID.
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f HL5 O6Extendbo
It needs to be possible to extend search trails retrieved from the storage server and to
automatically store the extended trails.

| refer to the set of high leveéquirements (HLX HL5) at the end of Chapt&.2, where
the technical requirements are matched with the abstract requirements. At this point, it becomes
visible how the envisioned technical solution is able to provide support in all three scenarios. In
the next subchapter, | develop abstract requirements for SearchTrails. They do not refer to co
crete technical solutions, but build upon the related work and swakethat best practices are
followed, while commonly made errors are avoided.

3.1.2Abstract requirements derived from the related work

In order to achieve the desired functionality of SearchTr&itgpter 2of my thesis pe-
sens theoretical and practical work related to several aspects of the described concepts of
SearchTrails. For shaping the concept of SearchTrails, the subchapters on historical origins
(Chapter2.1), theoretical foundationChapter2.2), related system<hapter2.5), and reléed
work for other parts of thihesis are most relevar@liapter2.6).

Considering the historical origins of the idea of SearchTrails shown in Chafptethe
concept of search trails by Vannevar Bush is the most ispocbncept for this thesis andpr
vides the initial idea for realizatiofBush, 1945) Bush describs the process of capturing and
exchanging individual search trails between users. He leaves open how this idea can be realized
and how searchtrails actually look like. The overview of related work indicates that ths a
proach has not yet been realizedv&al researchers have captured web log data to analyze it. A
few have even captured the web interaction data to build trails from it and analyze it. However,
none of the approaches puts value in individual trails and tries to enable the exchange of these
resources. The overall realization of the system SearchTrails brings the idea of capturing user
navigation as trails of resources to life. Based on this information, | specify albstraicement
AR1 as:SearchTrails should capture user navigation as aail of resources

Chapter2.2 presents several theoretical foundations for this work. Starting with acdistin
tion of exploratory and complex search, Cha@@rpresents an overview of important défin
tions, search task classifications, and different models of search. An overview of approaches for
collaborative search and a view on the value of negative search results closes ZRdjfe
thesis relies on the definition of complex search f{&imger, 2012, p.17)as it avoids the ¢p
nitively high | oaded aspects of NMarcluoninii,o ni ni 0 ¢
2006) As such, SearchTrails needs to support all three single aspects of complex search, which
are aggregation, discovery, and synthesis. The different approaches of search task classification
reveal that informational search tasks as defined riogd (Broder, 2002)account for a major
share of all welrelated search activities. These results get confirmed by the studRssaf &
Levinson, 2004)and(Lewandowski, 2006)informational search tasks can be seen as the most
complex and longestinning search tasks. With supporting those complex informational search
tasks, SearchTraiwms forimprovingt he sear cher d6s capabilities wt
search tasks. In their model of search proce¢Bées]li & Card, 2005)model the search process
as consisting of two loops, the foraging and the sensemaking lodpn\Wie foraging loop, the
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searcher collects evidence from external data sources via the Web, processes it, and creates an
evidence file from it. Based on the gathered evidence, the sensemaking loop aims for cognitive
processing of the data and condensirigr presentation. This model was taken up(Byans &

Chi, 2008a)who claim that social interaction and information exchange happen before, during,
and after the seeln process; but especially during the process of foraging and sensemaking.
SearchTrails tries to improve the foraging process by offering support during aggregation and
discovery of information. SearchTrails improves sensemaking by supporting the syothesis
information, and enables the exchange of the results of the search process between collaborating
users. While aggregation of information can be considered to be achieved by the search tralil
itself, discovery is achieved by generating relevant keywfsois the search context andsdi

playing them to the user during the search. Synthesis of information is improved by a condensed
highlight overview of the valuable information which was found during the search. | specify the
abstractrequirementAR2 as: SearchTrails should improve the support for complex search

by supporting aggregation, discovery, and synthesis of information

In Chapter2.2.5 | present a chronologgl overview of approaches for supporting cadlab
rative search processes. Among these approaches are the four dimensions of collaboration, as
introduced by(Golovchinsky et al., 2009nd the four basic aspects of cotladition, as int-
duced by(Kelly & Payne, 2014)Among other selflefined criteria, takethese dimensions and
aspects for comparinthe presented collaborative search systd@arfield, 1970)points ou
the value of negative results (cf. Chaf2e2.6. This may be the information that a certaga r
source does not exist, or that certain information does notyetisEspecially in scientific co
texts, finding no result may be desired. Although support for this concept has not beeo-incorp
rated a lot in the literature, SearchTrails should be able to capture the search process as a whole,
such that users can see wheollaborators have been searching, but did not find information.
The abstractequirementAR3 is therefore specified aSearchTrails should be able to mark
pages where no valuable information was found

In Chapter2.3, | present insights into research results on the way real users conduct their
search processes and the problems they face during search. The results presented ircthis subse
tion include thausers do often have no fixed strategy for searching but instead adaptde the r
cent situation. The understanding and the use of search engines tends to be faulty, which can be
seen by the often faulty use of search operators and the prevalence of stiest duaglitiond
ly, the complexity of a search process itself is very hard to estimate for the users, as the difficu
ty of a search task cannot be judged by all users equally good, and their success cagmot be d
tected by statistical measures. All thesaultssmply that users must not be forced into a strict
process, and that individual search approaches need to be supported. For SearchTrails, this
means that search support needs to go along with thedefieed process of search and may
not enforce spefic actions.

Evaluating the comparing table for search logging systems

In Chapter2.5, | describe a set of 11 search logging systems and 16 collaboratigh sea
support systems and comparem in two comparing tables (cf. Chap®eb.1.2for search Ig-
ging systems and Chapt25.2.2for collaborative search support systems).
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Depending on the characteristics of the presented eleven search logging systems, | develop
a set of nine criteria which allow the comparison of the technidétied of the presented
search logging systems (cf. Chap2es.1.9. These criteria reveal a number of technical details
which all need to be solved by SearchiEarhe following list explains how SearchTrails is
positioned with respect to all nine comparison criteria. | develop abstract requirements for
SearchTrails from the best practices on these criteria.

1. Data collection approach This criterion reflects theistorical development of the
search logging systems. While early approaches made use -oegelbped proxies
capturing the userods interacti @oneappit h t he
cations, which needed to be installed on a computer. A thgstems were installed
on the PC, they were able to monitor the
and a web browser. The next approach for developing search logging systems was
writt ng custom browsers, oftenExplearWightirased o
development of the Firefox web browser since 2002 and the Google Chrome web
browser since 2008 and their possibilities of being enriched byvséién extensions,
the development of search logging systems first turned towards Fiegfersions.
This approach seems to have become a standard approach for developing gearch lo
ging systems, which SearchTrails should follow. The abstegqhirementAR4 is
specified asSearchTrails should be realized as a browser extension

2. Universe ofsearch This criterion aims for the data that the searcher is allowat to i
vestigate. I't is remarkable that mmwmst pres
teraction with the Internet, whereas a few collaborative search support systems rely on
precefined databases. It is essential for SearchTrails not to limit the users with respect
to the universe of their search. Based on these observations, atesjta@mentARS
is defined asSearchTrails should be able to capture data from all web pages and
not limit its users.

3. Captured data. The type of captured data depends on the data collection approach.
The more holistic the data collection approach, the more data can possibly be stored by
the respective search logging tools. However, only the most fengadata is stored.

SearchTrails wants to capture the userads i
the interaction with the single pagesd co
functions of the browser is relevant. | specify abstragtirementAR6 as: Searc-

Trails should capture the wuseroés ia®teract

tions. In order to allow the users to work with their captured data, | specify ab&ract
quirementAR7 as: The user should be able to interact with thegenerated search
trail via mouse and keyboard commands

4. Accessibility of the search logs to the useDespite very early approaches, none of
the presented search logging systems makes the logs available to the users. The logs
seem to be considered secrabWledge the user may not interact with. According to
(Singla et al., 2010, p.443)believehat t here is a O6value in t
the system allows them to access their logs. Therefore, | specify albbstrarement
ARS8 as: The usersshould be able to access the search logs interpreted as search
trails.
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Forced feedback duringseardh. Some of the presented systeamsintended asa-

search frameworks for discovering fractors of
est in single web pages. These systsems most |
ited web page. To achieve thispsh of these systems automatically present feedback

forms to the users. With respect to the navigation behavior, these feedback ®rms di

turb the usersd natur al browsing blehavior an
Trails therefore omits forced feleack during the browsing process. This property is

covered by abstracequiremenfAR9 (cf. next criterion). User studies have to inasrp

rate preandpose val uati on questionnaires that deterr
SearchTrails.

Unobtrusiveness othe system Several properties of a search logging system can lead

to an obtrusive impression of it. Whenever feedback is forced from the usersgthe co
nitive context is disturbed and the system does seem obtrusive. One of the presented
search logging sysms uses eye tracking devices to prevent interruptions during the
search process. However, these devices are obtrusive in that they constantly remind the
searcher of the evaluation situation. SearchTshitsildnot force the user to do any-i
teraction wih it, but allows several interaction possibilities. This means that the search
process does not get interrupted unless the user actively decides to do so. | therefore
specify abstract requiremeAR9 as:SearchTrails should be unobtrusive

Type of datastorage Early examples of search logging systems stored the data gene
ated during the search processes on the local hard disk. After the experimeet, the r
searchers collected the data files from the respective computers. This way of collecting
data is easas long as the participants work with the system in a lab situatiom-Whe
ever the participants should make use of their own computers for the search tasks, it is
more convenient to store the data via a web connection in a centralized server. As
SearchTrés will be evaluated in a field test, | specify abstnamuirementAR10 as:

The search trail data storage should be realized on a remote server and ensure
regular storage intervals

Helping the user or just capturing data?Almost all of the presented aeh logging

systems consider the generated information secret knowledge and do not share it with

the users. The only exception is the system present@daimlov & Vainikko, 2013)

which focuses less on logging search activitieg,more on generating recommend

tions from the userb6s search behavigor, as de
es. In order to transpattte value of the search trails to the user, the search trails have

to be made available to the user to help them. As SearchTrails focuses on supporting
asynchronous, collaborative, complex search tasks, it aims for helping the user. This is

very similar toabstract requirement AR2.

Purpose of the systemThe presented systems have been developed for a number of
different purposes, of which supporting the usethe least prominent. Whilenepre-
sented system ainfigr the classification of web search mowdghe study participants,

four other systems aim for detecting explicit and implicit interest indicators on web
pagesOther systemsre intended as frameworks for conducting information retrieval
experiments. In contrast to the properties of many athdre presented systems, | aim

for supporting users during asynchronous, discontinuous, collaborative, complex
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search tasks and specify abstmrjuirementAR11 as: SearchTrails should enable
the users to exchange unfiltered search trails

The position SearchTrails towards the nine criteria can be summed up in the table below
(Table 11). The table row shows the same nine criteria as the comparing table in Chapter
2.5.1.2 This table can therefore be extended by the table row and shows how SearchTrails fits
into the context of related work with respect to search loggystems.

Table 11: Extension of the search logging systems comparing tabldth SearchTrails.
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Evaluating the comparing table for collaborative search support systems

Similar to the comparison of the search logging systems, | present a set of 16 systems for
supporting collaborative search processe€hapter2.5.2.1 From the literature, | derive a set
of eight criteria for comparing those systems, namely the four dimensions of collab¢@Gaiion
lovchinsky et al., 2009and the four basiaspects of collaboratio(Kelly & Payne, 2014)
These eight criteria already class@yllaborative search support systems by a number bf tec
nical factors and factors relevant to collaboration. SearchTrails has to take a position towards
each of these eight criteria.

1. Intent. Most of the early systems for supporting collaborative searchioavardssup-
porting explicit collaboration. This means that the collaboration between users often
happens synchronously during the search process. Starting with the system R
sultsSpace, the systems have turned more towards supporting implicit collabdmation
these systems, users no more interact explicitly with known collaborators, but-get re
ommendations based on other users interactions or can build on curated content that
has been produced by other unknown users. It seems like the increasing coegsuting
pabilities have turned the research focus more on supporting implicit collaboration.
SearchTrails aims for supporting asynchronous, collaborative search. Based on this, the
intent of SearchTrails is explicit, as the users build upon unfiltered seaifetttart
which reveals the possibly changing information need to the collaborator. The intent of
SearchTrails is already reflected in abstract requirement AR2 and AR11.

2. Depth of mediation The depth of mediation describes how deep the individual user
datais drawn into the overall search system before interaction between users-is dete
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mined and evaluated. In shallow systems, the interaction data is processed mainly on

the UHevel, which means that collaborators most probably interact directly with other

uer s o dat a. I n deep systems, t he-levals er dat a
where for example search recommendations are generated. This implies that-users i

teract with the highly processed data of other users. As SearchTrails tsieswithe

value of search trails without manipulating search engines, the depth of mediation is

shallow. The depth of mediation is not reflected in an abstract requirement, as it is r

flected in the general idea of SearchTrails.

Concurrency. Many of the related systenfisr collaborative search support follow a
synchronous approach of collaboration. These systems often require all collaborators to
search actively at the same time. However, synchronous communication requires a c
ordination of actions, which may be infle¥¢. SearchTrails therefore works in an
asynchronous manner, leaving its users the freedom to choose when they want to work
on a search task. SearchTrails does not support synchronous collaboration. | therefore
specify abstractequirementAR12 as: SearchTrails should allow catching up with
previous search processes by recreating and evaluating search trails

Location. Similar to the <criterion é6Concurrency?®d
collaborators need to be-tmcated or if theymay work remotely vith a tool. Some of

the presented systems afor solving collaboration issues when several collaborators

need to share the same computer for a collaborative search. SearchTrails dees not r

quire the collaborators to be at the same place, thus affordimgterecollaboration. |

therefore specify abstramquirementAR13 as: SearchTrails should provide a way

to allow working on search trails from any place

Awareness Thi s criterion refers to the awareness
actions. Systas that realize implicit interaction also provide no awareness on the co

| aboratordés actions, as the interaction betw
processed user actions. One exception is the CIRE system, vagishal incorporate

the user8actions explicitly into the user interface. This leads to a missing awareness of

other searchers, and made most of the users forget about the collaborative functions of

the system. As SearchTrails enables explicit, asynchronous interaction, awareness of

the coll aborator ds past tharefdrenobreflectedinmdkbe ensur e
icated abstract requirement.

Division of labor. Several systems supporting synchronous collaborative search offer
features for explicit division of labor between cobhaétors. This is achieved by e.g.
different roles during the search process in Cerchié@aovchinsky et al., 2008)r

by didributing search results among collaborators in SearchTog@wris & Hor-

vitz, 2007) Asynchronous systems canredsily divide labor baveen collaborators
during the search process, but may allow splitting the work into sessions. Therefore,
abstractrequirementAR14 is specified asSearchTrails should allow searchers to

split their search into single sessionsThis allows collaboratorotdeduce from the

past actions of the searcher which search topics may not yet have been worked on.
SearchTrails therefore does not explicitly support division of labor, but as theczollab
rators can see the unfiltered search trail, they can concentratamrhing in newid
rections.
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7. Persistence of results Most of the presented systems for supporting collaborative
search store the generated results. This does not yet reveal how detailed these results
are. Systems like SearchTeam or So.cl capture curatgdrt, but not how the users
came to it. SearchTrails should store the search results persistently on a remote storage
server, but it also stores the way how users came to the search results. This im-very si

ilar to abstract requirement AR10.

8. Sensemaking This criterion refers to the support of sensemaking of the foand r
sources or information. This can be achieved by e.g. visualizing search strategies or by
publishing artifacts that structure the process of searching, such as the task lists in C
Sensg(Paul & Ringel Morris, 2009)SearchTrails supports sensemaking by providing
an unfilteredwayy f i nteraction with the coll-aborat
fy abstractrequirementAR15 as: SearchTrails should support sensemaking by the
creation and annotation of the valuablepieces ofinformation (highlights) in a
combined overview with their respective sourcesFrom these search results, users
can evaluate the valuable information the collaborator has found as well as the context

in which it was found.

A summary of the results for SehTrails for the first eight criteria is given in the tabke b
low (Table 12). The table row shows the same eight criteria as the first comparing table in
Chapter2.5.2.2 This table can therefore be extended by the table row below and shows how
SearchTrails fits into the context of related work with respect to collaborativenssapport
systems.

Table 12: Extension of the8 characteristicsof collaborative search support systems with SearchTrails.
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SearchTrails | Explicit | Shallow | Asynchronous| Remote | Yes licitly Yes Yes

Additionally, | developed a set of nine further criteria to distinguish the most impostant a
pects of collaborative search support systems, which are introduced in Cha@e2 These
criteriaaregenerated from key features of the presented systemstabev the presented sy
tems perform very well with respect to some of the criteria. In order to build upon successful
concepts and to avoid duplicating the flaws of existing systems, these criteria help diegermin
which key properties SearchTrails stobuhplement to be a successful approach.

9. Lightweightness According to several autho(s.g.(Ringel Morris, 2013)and (Kelly
& Payne, 2019) , the searcher 6s df the systemg isroih- | i ght
portant property of collaborative search support systems. Systems which are cluttered
with functions and do not immediately reveal their feature set to the user have very

limited chances to be used frequently. Although lightweightness is hard to measure
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10.

11.

12.

13.

14.

SearchTrails strongly aims for being lightweight in offering a set of easily undarstan
able functions, which is not reflected in a dedicated abstract requirement.

Synchronous communication Some of the presented systems support synchronous
search process. Some of these systems integrate means for synchronous coamunic
tion into their user interface, such as instant messaging functions. Naturally,csynchr
nous communication can only be supported for synchronous collaboration. Therefore,
SearchTrails doesoh support synchronous communication.

Technology: Similar to the data collection approach of the search logging systems, the
presented systems for collaborative search support are realized with various technical
approaches. While early approaches havd their own modified web browsers, later
approaches relied on client/server architectures. Special solutions have incorporated
surface tables or computers with several mice. Later approaches provide views on pr
processed databaseia specialized browsersr ae available as online services. As

one of the more recent collaborative search support systems, Coadg@entilez

Ibafiez & Shah, 20113} based on a browser extension, may indicate that also @ollab
rative search support systems become more browser based when they focus ¢n suppor
ing individual users. This miehes the experiences with search logging tools, such that
SearchTrails will be realized as a browser extension. This is very similar to alestract r
quirement AR4.

Artifact . This criterion refers to the artifacts which are created during the collaborative
search process. The presented systems have created different artifacts. These range
from plain ratings in the case of recommendafamrused systems such a-R
sultsSpace or Querium, to bookmarks in the early approaches CSCW3 and GIRE. A
ditionally, some sytems allowed the creation of comments, categoriedpdists, or

curated lists of resources as in So.cl. SearchTrails aims for creating trails reflecting the
search process. Independent of the internal representation in the storage, the search
trails indude features like highlights, clusters of nodes from the same host, keywords
of web pages, and marked nodes. Therefore, | specify absttpitementAR16 as:

The artifacts created by SearchTrails or by the user in should includéhe search

trail, highlights, clusters, keywords, and marked nodes.

Hardware needed?Most of the presented systems do not need additional hardware for
being used. The only exceptions are CoSearch, which enables a computer to cope with
signals from several mice, and WeSearch, Wwhias specially designed for a large-su

face table. SearchTrails does not require additional or specialized hardware, tius ensu
ing an uncomplicated setup without any more special compottemta web browser.

Unknown cooperation partners?This criterionrefers to the scope of the cooperation
partrers. While early systems focuasore on direct cooperation with -bocated or e-

mote known collaborators, later approaches allow cooperation with unknown partners.
These include webased platforms like So.cl, weeusers can publish collections of
resources to the public. SearchTrails offers the possibility to cooperate with known or
unknown cooperation partners. When exchanging search trail IDs between esllabor
tors, e.g. via @mail, the partners are known to bamther. It is also possible to create a
search trail repository, where anonymous trails can be taken from. | specify atastract
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quirementAR17 as:SearchTrails should allow remote asynchronous collaboration
of users by the exchanging of search trails.

15. Temporality. Only a small share of the presented systems preserves the tergporal s
guence of actions in a way that it can be recovered after the actual collaboration pr
cess. The CIRE system stores alll user act
while CoSense features a timeline view of all user actions. Coagmento implements an
activity stream of user actions, while Querium offers a history of past queriesh-Searc
Trails goes beyond the purely chronological approaches of the presented systems by
connecting the chronological view with the sequence of the visited resources. As
SearchTrails records the search process as a trail of visited resources, | specify abstract
requirementAR18 as: SearchTrails should keep the temporal sequence of usec-a
tions. Thisway , coll aborators can understand ho
another, and the search for which resources was motivated by visiting which pages.

16. Universe Similar to the evaluation of search logging systems, collaborative search
support systems ay be based on a limited universe of resources. However, most of the
presented systems do not rely on a limited universe, but allow the searchers to interact
with the Internet without limitations. Exceptions are the VIGOR system, which was
specially desiged for a video database, and the systems ResultsSpace and Querium,
which focus on document recommendations. Therefore, the universe of thesestwo sy
tems was limited to a database of text documents. AbsaquirementAR19 is thee-
fore specified asSearTrails should not limit its users to a certain database and
allow free interaction with all resources of the Internet

17. Possibility of rating resources?A major share of the presented systems explicltly a
low the rating of resources by dedicated ratingam® These rating options may by
binary (e.g. like or dislike options) or provide more steps (e.g. by a star ratirsg). Sy
tems offemg only a commenting furtion for the found resourceseanot counted as
offering rating options. However, the availabilit§ these functions does not express
the frequency of their usage. It is especially hard to achieve a high number of ratings
from a user, as every rating is considered extra effort. SearchTrails offers thelpossibi
ity of implicit ratings: When a highlighs found on a resource, the resource i®aut
matically considered to be valuable and is highlighted within the search trail ag-a val
able resource. When a resource turns out to be not valuable, the user has the option to
explicitly rate down the respectivesource. AbstraatequirementAR20 is therefore
defined asit should be possible to mark resources in the search trail to reflect
high or low value.

A summary of the results for the criteria 9 to 17 is given in the table bdlalg13). The
table row shows the same nine criteria as the second comparing table in Qt&gtérThis
table can therefore be extended by the table row below and shows how SearchTrails fits into the
context of related work with respect to collaborative search support systems.
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Table 13: Extension of the9 characteristics of collaborative search support systems with SearchTrails.
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Visualizing information

Chapter2.6 presents related work for other parts ad tiesis. This includes approaches for
visualizing large amounts of data and mathematical measures of graph complexity.

As SearchTrails wants to negsent the usés interaction with Internet resources as a trail of
visited resources, special care has to be taken with respect to the visualization of this type of
information. The historical perspective can give more hints on what type of visualin@ipn
best fit this application case. Although By&ush, 1945yoes not provide any hints on how he
thinks about a search trail in a visual way, illustrations like the one from B8&®g, 1989)
cf. Figure8in Chapter2.2.4 suggest that aearchtrail can be considered a path connecting the
visited resources. Technically, this path can be considered as nodes representing e web r
sources which are connected by directed sdfjrese edges resemble the chronological tsaver
ing of the visited resources.

According to(Eades & Huang, 2000jorcedirected graph visualizations are suitable for
these purposes. This has the advantage that the graph visualization can dynamicatly thdjust
number of nodes, and the users can still rearrange the graph during its exploration. Any static
method would have to constantly adjust to the number of nodes by scaling in and out, or by
forcing the user to scroll or drag a drawing pane. The adgaruf forcedirected graph visual
zations is obvious when it comes to creating edges between nodes at opposite parts of the graph.
As the force engine simulates a sort of gravity between nodes, an edge connecting two remote
nodes dragthese nodes togetherhis way, highly connected parts of the graph lump together
and reflect that the user has jumped between a certain set of resources during the semsh pro
Therefore, | define abstractquirementAR21 as: SearchTrails should make use of a force
directed graph visualization for the search trail.

For complex visualizations, the use of clustering algorithms has been investigd&td-by
ckenschmidt et al., 2004)nd (Fluit et al., 2006) In these studies, it turns out that clusterisg i
generally appreciated as a means for reducing the visual complexity of the visualization of large
data sets. Therefore, | define abstracjuiremenfAR22 as:SearchTrails shoud visually clus-
ter the nodes based on the weaiite hosts and offer the possibility to shrink and expand the
clusters This makes visible which nodes belong to the same host and may be related to each
other, such that e.g. nodes from a certain search engimée easily identified. It also allows
the searchers to actively reduce the complexity of the visualization.
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Considering the visualization of information about the nodes, the two possibilities of
providing thumbnails or textual descriptions exist. Salvstudieqe.g.(Czerwinski et al., 1999;
Dziadosz & Chandrasekar, 2002lggest that textual representations of pages are not inferior
to visual representations of pages, for example thumbnails. The resii&glokchts et al.,
1999; Westermai& Cribbin, 2000)also suggest that a textual representation of search results
may be most effective. This holtisie for the representation of search results, where users want
to find some information and can more easily scan through text than eviahagies. In their
study, (Kelly & Payne, 2014¥ind that participants tend to ask for the type of visualization that
is not available: In case of available thumbnails participants ask for textual representations, and
in case of available textua¢presentations, they asr thumbnails. Based on thesesués, |
define abstractequirementAR23 as: SearchTrails should enrich the forcedirected search
trail graph by textual representations of the respective web pages.

Conclusion

This subchapter presents basic |aé@desvess or t h
abstract requirements from the motivating scenarios and the related work. It therefore helps to
frame the picture of how SearchTrails conceptually works, and how SearchTrails builds upon
both the motivating scenarios and the lessons ledrosdthe related work.

The analysis of the motivating scenarios in Chaptérlis followed by a review of related
work on historical, theoretical, and practicghgroaches towards search logging systems and
collaborative search support systems. The overview of existing systems for both search logging
and support collaborative search helps drawing conclusions and helps SearchTrails building on
existing approaches drimproving these approaches. Connecting historical ideas to results on
visualizing large amounts of data helps identifying the falicected graph visualization with
text labels and clustering as a proper method for visualizing the search trail ieith@erface.

Table14 gives an overview of the abstract reqmments generated in this section.

Table 14: Overview of the abstract requiremerts for SearchTrails.

Identifier | Abstract requirement
AR1 SearchTrails should capture user navigatioa &ail of resources
SearchTrails should improve the support for complex search by supportireg
AR2 . . . .
gation, discovery, and synthesisiaformation
AR3 SearchTrails should be able to mark pages where no valuable informatiq
found
AR4 SearchTrails should be realized as a browser extension
AR5 SearchTrailsshouldbe able to capture data from all web pages and not lim)
users
SearchTrails should capture the u
ARG :
functions
AR7 The user should be able to interact with the generated search trail via mou
keyboard commands
ARS8 The usershouldbe able to access the searchslogerpreted as search trails
AR9 SearchTrailshouldbe unobtrusive
AR10 The search trail_ data storage should be realized on a remote server and
regular storage intervals
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AR11 SearchTrails should enable the users to exchange unfiteaech trails

AR12 SearchTrails should allow catching up with previous search processes by-r,
ing and evaluating search trails

AR13 SearchTrails should provide a way @adow working on search trailsom any
place

AR14 S_earchTraiIs should allowingle searchers to split their search into singke
sions
SearchTrails should support sensemaking by the creation and annotation

AR15 valuablepieces ofinformation (highlights) in a combined overview with thesr
spective sources.

ARG Thg al'rtifa.cts created by SearchTrails or by the user in should intiadsearch
trail, highlights, clusters, keywords, and marked nodes

AR17 SearchTraiIs should aI.Iow remote asynchronous collaboration of users by {
changing of search trails

AR18 SearchTrails should keep the temporal sequence of user actions
SearchTrailshouldnot limit its users to a certain database and allow free oty

AR19 . .
tion with all resources of the Internet

AR20 It should be possible to mark resources in the semadhto reflect high or low
value

AR21 SearchTrqus should make use of a fedoected graph visualization for th
search trail
SearchTrails should visually cluster the nodes based on the website hosts

AR22 e :
fer the possibility to shrinend expandhe clusters

AR23 SearchTrails should enrich the fordeected search trail graph by textual ep

sentations of the respective web pages.

3.2 Deriving technicafeaturedrom the abstract
requirements

In the previous subchapter, | evaluate thaetimating scenarios and the related work and

develop a set of high level and abstract requirements for the envisioned system SearchTrails. In
this subchapter, | cluster and evaluate the abstract requirements from the last subchapter and

generate a set oéchnicalfeatures from them, which are realized in SearchTrails. The features
describe technical solutions for achieving desired properties of SearchTrails. | describe the co

crete technical realization of the feature€imapter 4

This subchapter is divided into three subsections, each comprising a set of requirements on

a functional aspect of SearchTrails. The first section develops the features which arel require

for realizing the support of all three aspects of complex search. The second subsection develops
features regarding the scope and the features ofiSEails. In the third section,develop fa-

tures

which enabl e t he u.sThis sulxhaptenr prevides art oveo n
view of how the features make sure that all abstract requirements are fulfilled, and how | cover
the high level requirements from the motivating scenarios. At the end of this subchagter, | pr
vide a concluding table, whickummarizes the connection between the abstract requirements,

thetechnicalfeatures, and the high level requirements.
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Supporting complex search

Generally, SearchTrails aims for supporting asynchronous, discontinuous, collaborative,
complex search tasks. As complex search consists of aggregation, discovery, and synthesis,
each single component needs to be supported. Aggregation is supportedting eresearch
trail (Abstract requirements ARLlinter&cB®Bwithand AR
the browser ds nayvi Discoverp is supported byi extracing kefnvo6d3
which appear in the browsing context and displaying therhd@sséearcher (AR2). Synthesis is
supported by enabling the user to collect valugi#ees ofinformation in an overview (AR15),
including valuable resours€AR?2), andvalueless resources (AR3, AR20)

The following list illustrates the planned functionaldf SearchTrails by a set of features
supporting the three different aspects of complex search. | first describe the featurento be i
plemerted and then mention which abstract requirements are covered by the functiomality d
scribed.

1 Feature F1: Transform user navigation into a search trail
Each visit of a web page is transformed into a nodbédrsearch trail. Following a link
from one page to another page results in another node being created, which is connected
by an edge from the node of the previouglsited URL to the new nodd-igure 21).
The node corresponding to the recently visible URL is indichtedn additional red
circle.
Feature F1 covers the followiradpstract requirements: Capture user navigation as a trail
of resources (AR1), improve the support for complex search by supporting aggregation
of information (a part of AR2), and keep the temporal sequence of user actions (AR18).

Page 1

Link to page2 Page 1 Page 2

Page 2

Figure 21 Technical sketch fortransforming user navigation into a search trail (Feature F1).

Each node can only occur oncetlve search trail. This implies that a second visit to a
web page results in following existing edges. To avdidtering the visualization,er
used edges are not specially indicateigre22).
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Page 1

Link to page2 \ACtion 1
Page 2

Link to page3

Action 3

Page 3

Link to page2

Action 2

Page1l Page?2

Figure 22: Technical sketch forfollowing existing edgegFeature F2).

9 Feature F2: Capture unfiltered data

Independent of the importance of the visited web pages, all URLs are transformed into

nodes withirthe search trailKigure23).

Feature F2 covers the following abstract requirement: SearchTrails captures khe unfi

tered navigation through the Interdety c a p

er 6 s n dunctiopsa(AR6)o n
Page 1

Important

Link to page2

Page 2
Unimportant

Link to page3 \
Page 3

turing the

Pagel Page?2

Important

Figure 23: Technical sketch forcapturing unfiltered data (Feature F2).

1 Feature F3: Extract keywords from visited web pages

A keyword extaction engine scans the conteafghe visited pages and extractserel

vant keywords from the visited pages. Whenever a keyword appears on e.g. three or
more pages, this is considered to happen intentionally and the keyword is added to a list
(Figure24). Keywords in the keyword list may be selected by clicking and highlight the
respective nodes in the search trail. Additionally, selected keywords may be used as

search terms for starting new web searches.

Feature F3 covers the following atast requirement: SearchTrails should improve the
support for complex search by supporting the discovery of information (a part of AR2).

Page 3

Page 3

usesr 6s
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Page 1
é appled
é teche Keywords
é stock®
é searcke Apple (3)
é finderé Tech (2)

_ Finder (2)
Link to page2 Search (2)

Page 2 Page 3
€ applet é searck
e trees ) é finderé
éplante é apple
€ garderé é tecte

€ growe N____7| & deskiog

Link to page3

Pagel Page2 Page3

Figure 24: Technical sketch for extracting keywords (Feature F3).

1 Feature F4: Provide aneditable highlight overview
An overview of all valuablpiecesoff nf or mati on and t hs@ro-user 6s
vided in the highlights view. When a highlight is set on a web page, the respective node
is marked blue in the search trail, and the highligtgtored in the highlight overview,
together with a link to the source URL. Web pages with explicitly valueless resources
may be marked by the searcher when visiting the web pages. They are indicated by a
red node in the search trailigure25). Additionally, it is possible to enter manual hig
lights into the highlight overview.
Feature F4 covers the following abstract requirements: SearchTrails should support
senseming by the creation and annotation of the valuglees ofinformation (hid-
lights) in a combined overview with their respective sources (AR15). This provides
support for complex search by supporting the synthesis of information (a part of AR2).
Furthemore, SearchTrails should be able to mark pages where no valuable information
was found (AR3), which makes it possible to mark resources in the search trail to reflect
high or low value (AR20). Additionally, it should be possible to enten comments
into the highlight overview

Highlights

Pagel Page2 Page3

A Valuableinformation1
Fromt Page 1 . '. -

A Valuableinformation2
From Page 2
A My own Comment

Page 4

Figure 25: Technical sketch for providing a highlight overview (Feature F4).
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Scope and features of SearchTrails

The universe in which SearchTrails users search for results should be the Internet without
limitations (AR19) and SearchTraiéhouldbe a browser extension (AR4). The browser rxte
sion shall run as a separate tab in the web browser, which is unobtresatesé it does noe+
quire the userds interaction and all ows
needs to generate the search trail from
(ARD5), and records a set of data fronsthiteraction (AR16). The useshouldhave the poss
bility to access the search trail (AR8) and to interact with it (AR7).

nor mal i
the user

The following list illustrates the planned functionality of SearchTrails with respect to the
requirements for the spe and featuresf SearchTrails.

1 Feature F5: SearchTrails as a web browser extension
SearchTrails exists as a browser extension, which allows SearchTrails to access the u
erd6s interactions with the browser h-and
Trails is notl mi t ed. SearchTrails interprets
functions of the web browseFigure26).
Feature F5 covers the following abstract requirgsie®earchTrails should be realized
as a browser extension (AR4) which does not limit its users to a certain databake and a
lows free interaction with all resources of the Internet (AR19).

t her e
t he us

Webbrowser

SearchTrails
functionality

Standard web
browser
functionality.

Displaycontent
Navigation
Tabbedbrowsing
é

| Capturesearchtrail
'| Generate&eywords

Createhighlights
é

Figure 26: Technical sketch for realizingSearchTrails as aweb browser extension (Feature F5).

1 Feature F6: Do not force user interaction
SearchTrails does not force the user to do any interaction after having starteg-the sy
tem. Additionally, SearchTrails runs asseparate tab in the browser. This allows the

users to follow their normal search behavior, with the difference that only one more tab
in the browser is operrigure27).
Feature F6 covers the following abstract requirement: SearchTrails needs to ba-unobtr

sive (AR9).
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Webbrowser

Searchtab1 I Searchtab?2 I Searchtab3 ISearchTraiIs I +

Figure 27: Technical sketch for ensuring unobtrusiveness (Featur F6).

i Feature F7: Generate thesearcht r ai | from the userodés inter
Web
The search trail is created from every change of the visible content of the browser, no
matter where it stems from. This implies that switching between browsserdaults in
creating edges between the nodes resembling the two web pages, or the creation of a
new node in case it has not been visited b
results in the changing of the visible URL, this results in creatingdge to the préev
ously visited URL Figure28). Therefore, SearchTrails does not limit its users to Epeci
ic databases.
Feature F7 covers the following abstraacjuieement: SearchTrails will be able topea
ture data from all web pages and not limit its users (AR5).

Web browser

Browsertalr Page 1 SearchTrails

A
y

Link to page2
e

Browsertab Page 2 Page1l Page2

Browsertal Page 3| Page

Figure 28: Technical sketch for generating earch trails from user interaction (Feature F7).

1 Feature F8: Generate data, butequire only little user interaction
SearchTrails generates as much data as possible without requiring user interaction, to be
as unobtrusive as possibleidure 29). Additionally, the user has the possibility to set
highlights, mark valueless resources, or agth comments to the highlights list.
Feature F8 covers the following abstract requirement: The artifacts created bly- Searc
Trails or by the user should inclutiee search trailhighlights, clusters, keywords, and
marked nodes (AR16).
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' : 3 SearchTrailslata
SearchTrails
visualization A Navigationdata URL, host,
visit time stamp successor
Page 1 Page?2 keywords pagemetadate
A Higlights: time stamp source
text €
A Valuelesgesources
Page A Usercomments
A Keywordlist

Figure 29: Technical sketch for generating data with limited user actions (Feature F8).

9 Feature F9: Users may interact with the search trail
The userdave the possibility to access and evaluate the search trail by mouse-intera
tion, e.g. by hovering over the nodes and consuming the information providediby add
tional popups, consisting of the title of the page, a link to the corresponding web page,
andan overview of the highlights attached to the node, if existing. Users also have the
possibility to attach hand written comments to the highlights of single nodes. Additio
ally, users may delete nodes from the graph, if they find a node inappropriatenijhis
works only when a node does not have multipleaimd outgoing edgeg&igure30).
Feature F9 covers the following abstract requirements: The sisentdbe able to e
cess the search logs interpreted as search trails (AR8) and should be able to interact
with the generated search trail via mouse and keyboard commands (AR7).

Pagel Page2 Page4 Page1l Page?2
age title
Link to page
Page Page

Highlight 1 onpage
Highlight 2 onpage
Manualcommentl

Figure 30: Technical sketch foruser interaction with the search trail (Feature F9).
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Interaction with search trails

The search trall itself is a forairected graph (AR21), which is enriched by textualaann

tations (AR23) and allows clustering (AR22). The search trail is stored remotely (ARA4Y),
be exchangd between users (AR11), méde continued in several sessions (AR14), and
SearchTrails provides a means to idengifid work on an existing search trgliR13). This @&-
ables users to recover trails from the remote storage server, therefore enablingeti®neaf
remote trails (AR12), and allowing remote collaboration (AR17) on search trails.

The following list illustrates the planned interaction functionality with the search trails with

respect to the requirements of SearchTrails:
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1 Feature F10: Visualizethe search trail as a forcedirected graph

The search trail grows during the search process. In order to avoid constant rearranging
in a rigid layout, a forca@irected layout is chosen to realize the search trail viasaliz

tion. The forcedirected graph dyamically rearranges in a sort of simulated gravity,
which makes densely connected parts of the graph lump tog€igerg31). Even if

being laid out automaticallyhe forcedirected graph can still be dragged around and be
manually rearranged by the user.

Feature F10 covers the following abstract requirement: SearchTrails should make use of
a forcedirected graph visualization for the search trail (AR21).

Figure 31: Technical sketch for realizing the searchrail as force-directed graph (Feature F10).

9 Feature F11: Enrich the search trail nodes by textual annotations

The title of the node is constantly attached to the node ifothe-directed visualia-

tion. Upon hovering over a node, a pop appears, revealing the page title with an u
derlying link to the corresponding URL and an overview of the highlights attached to
the node Figure32).

Feature F11 covers the following abstract requirement: SearchTrails should enrich the
force-directed search trail graph by textual representations of the respective web pages
(AR23).



Title of pagell

25* Page title
Link to page

Title of page?

Pag Highlight 1 onpage
Highlight 2 onpage
Manualcommentl

Title of page8 Title of pagel2

Figure 32: Technical sketch forenriching the search trail by textual annotations (Feature F11).

1 Feature F12: Use clustering for structuring the search trail
Clusters in the forcdirected visualization comprise the nodwsginaing from the
same host. The clusters are indicated by colored hulls around sets of nodes: Double
clicking a colored hull results in shrinking the cluster to a single node, remaining all in
and outgoing edges. Artawr doubleclick on the cluster node expantie node again
(Figure33).
Feature F12 covers the following abstract requirement: SearchTrails should visually
cluster the nodes based on the sithhosts and offehe possibility to shrink andxe
pand the clusters (AR22).

All nodesfrom host 2 All nodesfrom host 2

All nodesfrom host 1 All nodesfrom host 1

Figure 33: Technical sketch for clustering the search trail (Feature F12).

1 Feature F13: Store the search trail in regular intervals
To avoidstoring the search trail lolta, SearchTrails stores all session data in regular
intervals on a remote storage server. For this purpose, the search trail data object which
comprises all data of the search session is sent to a remote log storageFsguaver (
34).
Feature F13 covers the following abstract requirement. The search trail data storage
should be realized on a remote server and ensure regular storage intervals FAR10).
thermore, thienables the exchange of unfiltered search trails (AR11).
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Webbrowser

Searchtrail
storage
SearchTrailstorage
engine
{SearchTraild
{SearchTrailgddata dataobject}
object

Figure 34: Technical sketch for regular storage of the search trail (Feature F13).

I Feature F14: Generate a search trail ID for continuing search trails
In order to identy the stored search trail on the remote log storage server, a unique
search trail ID is generated by SearchTrails. This search trail ID can be used to retrieve
the search trail from the server, which is then recreated in SearchFigise35).
Feature F14 covers the following abstract requirements: SearchTrails should provide a
way to allow working on search trails from any place (AR13), which allows continuing
previous search processes by recreating and evaluating search trails (AR12).

Webbrowser Searchrail

storage

SearchTrailstorage
engine

dataobject

ID: {SearchTrails

dataobject {SearchTrails
dataobject

Figure 35: Technical sketch for generating search trail IDs (Feature F14).

9 Feature F15: Allow continuing and extending the search trail
When a retrieved search trail is continued by the user, the search trail datagetgect
extended. The extended data object gets stored regularly on the storage server, each
overwriting the older search trail data objdeiglire36), therefore allowing to extend a
search process over time and building upon earlier search results.
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Feature F15 covers the following abstract requirement: SearchTrails should allow single
searchers to split their search into single sessions (AR14).

Searchrail
Webbrowser storage
| —
; D1
SearchTrailstorage {Sear
engine dataobje@
) ID1 updat¢

ID: {SearchTrails {SearchTrailg
datao bjecﬁ dataobjec}

{SearchTraiIE
dataobject

Figure 36: Technical sketch for continuing search trails (Feature F15).

1 Feature F16: Enable asynchronous collaboration
As the search trail ID is the only way to identd search trail once it is stored on the
remote log storage server, exchanging the search trail ID grants othesiacsss to the
own search trail. The trail can be retrieved fromdbarch traistorage server and gets
recreated by SearchTrails, whérean be extendedrigure37).
Feature F16 covers the following abstract requirement: SearchTrails should ellow r
mote asynchronous collaboration of usersh®exchanging of search trafdR17).

Searchrail
storage

Webbrowser Webbrowser

dataobject

SearchTrailstorage
engine

SearchTrailstorage
engine

{SearchTrail-data
object

{SearchTraily| {SearchTrailsdata
dataobject objecLl

{SearchTrails
dataobject

ID

User1 Exchangesearchtrail ID > User2

Figure 37: Technical sketch for asynchronous collaloration with SearchTrails (Feature F16).

This subchapter has two main purposes: It first clusters the requirements AR1 to AR23
from Chapter3.1 and it second maps the clustered requirements to the technical features F1 to
F16. This set of functions forms the technical frame of SearchTrails and alrdamhs denum-
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ber of possible user actions. In the next section, | provide an overview of the different features,
abstract requirements, and high level requirements.

Conclusion

In this subchapter, | develop a set of 16 features, which cover all abstracemesnis.
Additionally, the features can also be mapped to the high level requirements, which | derived
from the three motivating scenariokable 15 shows the mappinbetween the features to be
implemented, the abstract requirements that are cover8debg r ¢ hfdatues, and the pa
ping of the features and the abstract requirements to the high level requirements from Chapter
311

Table 15: Concluding table, mapping featues to abstract requirements and higHevel requirements.

é Feature Abstract requirement ;;?rgrlﬁ\e/ﬁ![ e
O
2 (cf. Chapte3.2) | (cf. Chapte3.1.2 (cf. Chapte3.1.])

F1: Transform AR1: SearchTrails should capture user navii HL2 6 Vi s u a |
usernavigation tion as a trail of resources.

into a search trail| AR2: SearchTrails should improve teapport
for complex search by supporting aggregatic
discovery, and synthesis of information.
AR18: SearchTrails should keep the tempor:
sequence of user actions.

F2: Captureunft | AR6:Sear chTrail s shou|HLL6Capt u
tered data interaction with t b-¢
tions.

F3: Extract kg- | AR2: SearchTrails should improve the supp¢ HLL 6 Ca pt u
words fromvisit- | for complex search by supporting aggregatic
edweb pages discovery, and synthesis of information.

F4. Provide an AR15: SearchTrails should support senskmg HL3 6 | nt er
editable highlight | ing by the creation and annotation of theuval
overview ablepieces ofinformation (highlights) in a
combined overview with their respective
sources.

AR2: SearchTrailshould improve the suppor
for complex search by supporting aggregatic
discovery, and synthesis of information.
AR3: SearchTrails should be able to mark
pages where no valuable information was
found.

AR10: The search trail data storage should t
realized on a remote server and ensure regu
storage intervals.

Supporting complex search

F5: SearchTrails | AR4: SearchTrails should be realizedasa |HL3 61 nt er
as a web browser| browser extension.

extension AR19: SearchTrailshouldnot limit its users
to a certain database and allows free imtera
tion with all resources of the Internet.

F6: Do not force | AR9: SearchTrailshouldbe unobtrusive. HL36Il nt er
userinteraction

SearchTrails
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F7: Generate the
trail from the -
erds int

AR5: SearchTrailshouldbe able to capture
data from all web pages and not limit its use

HL16 Captu

Interaction with search trails

ing for structuring
the search trail

nodes based on the vsite hosts and offer the
possibility to shrinkandexpandhe clusters.

8 with the entire
S | Web
§ F8: Generatea | AR16: The artifacts created by SearchTrails| HL3 61 nt er
5 ta, but require by the user in should includie search trail,
S only little user highlights, clusters, keywords, and marked
o | interaction nodes.
& | F9: Users may ARS8: The usershouldbe able to accessthe |HL3 61 nt er
@ | interact with the | search logs interpreted as search trails.
search trail AR7: The user should be able to interact wit|
the generated search trail via mouse and ke
board commands.
F10: Visualize the] AR21: SearchTrails should make use ofa |HL2 6 Vi s u al
search trail as a | force-directed graph visualization for the
forcedirected search trail.
graph
F11: Enrich the | AR23: SearchTrails should enrich the force | HL5 6 Ex t e n
search trail nodeg directed searctrail graph by textual represe
by textual ann@- | tations of the respective web pages.
tions
F12: Use cluste | AR22: SearchTrails should visually dterthe | HL3 61 nt er

F13: Store the
search trail in
regular intervals

AR10: The search trail data storage should
realized on a remote server and ensure regy
storage intervals.

AR11: SearchTrails should enable the users
exchangeunfiltered search trails.

HL4 6 St o e-e
trieveo

F14. Generate a
search trail ID for
continuing search
trails

AR13: SearchTrails should provide a way to
allow working onsearch trails from any place
AR12: SearchTrails should allow catching ug
with previous search processes by recreatin
and evaluating search trails.

HL4 6 St o e-e
trievebo

F15: Allow con-
tinuing and ®-

tending the searcl
trail

AR14: SearchTrails should allow single
searchers to split their search into single se
sions.

HLS56 Ext en

F16: Enable
asynchronous d¢o

laboration

AR17: SearchTrails should allow remote asy
chronous collaboration of users by the e

changing of search trails.

HLS56 Ext en

tion.

In the following subchapter, | develop the concept of the software system SearchTrails.
describe SearchTrails assaries of screens, each offering certain possibilities for userantera

127



3.3 Concept of SearchTralls

In Chapter3.1, | work out 23 abstract requirements for SearchTrails based on thei-concl
sions drawn from the motivating scenarios and the related work. Clgaptelusters the la
stract requirements and derives a set of 16 technical features from them. In this subchapter, |
unite the set of the distinct technical features F1 to F16 into an overallelvigihmockup 6the
SearchTrails system.

As SearchTrails is realized as a web browser extension, Featurer<uied The realia-
tion of SearchTrails as a web browser extension enables fulfilling a set of features: It enables
unlimited user interaction with the Intatn(Feature F2). The extension has access to thésuser
interaction with the browser and generates the search trail from this (Feature F7). Besides the
user interaction, the search trail can automatically be enriched by information captured from the
visited web pages (Feature F8). Realizing SearchTrails as a web browser extension aHows ru
ning a storage mechanism in the background for storing the search trails on a remote log storage
server (Feature F13frigure 38 shows how SearchTrails exists besides the normal web browser
functionality and uses the Internet connection for storing the search trails remotely.

Searchrail
Webbrowser storage
Wet_J brqwser SearchTrails {SearchTrailg
. dataobjec
nawganon extension Ject
functions

Figure 38. SearchTrails exists lesides the normal web browser functionality.

Internally, the browser extension SearchTrails runs as a separate tab besides the normal
browser tabs, which does not force user interaction and allows users to still follow their usual
practices of tabbed browsg (Feature F6Figure 39), but allows also retuing to the Seart-

Trails tab during the search process and to check the cstagdns of the search trahdits in-
formation coment

Webbrowser

SearchTraiIslSearchabl | Searchtab?2 |Searchab3 | + |

Figure 39: SearchTrails as a separate browser tab.

In order to allow the user to interrupt the work with SearchTrails without having to stop
SearchTrails completely, SearchTrails provides a button besidbsotluser address bar, which
changes its mode depending on the state SearchTrails is currently in. When SearchTrails is ina
tive, a click on the button starts SearchTrails and put¢attimh e 6 Acti ved mode. A
button in the 6Aetiopedomode ofPlhesed SearchTr a
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Stopping SearchTrails puts SearchTrails back in
interrupts the logging, but leaves the SearchTrails tab open. A click on the SearchTrails button
during t he 6Paused mode brings SearFgddd.ai | s back to

N
[ Inactive
J
Start Stop
N\
2 Active
J

o)

Figure40: UML di agr am othtes@rel theirtramsitiona.i | s 6

Within the SearchTrails browser tab, the described features amateepmto a number of
subpagego avoid cluttering the visualization with too many features. Most important is the

standard 6Homed page, showing the main part of t
by the O6Highlights6é page, s howi nsgppliehtiee udei ghl i ght ¢
with important information and with optiorfer configuingt he sear ch trai | . The

search tr ai |péssihitytg etrievd ahdevisusmalizé dm existing search trailefieat-
uation and / oextension. The followingections explain which functions are visible on what
page of SearchTrails.
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6 Homeod

The 6Homed page is the most important page
search trail visualization and the keywords overview. The search trail visualizatlizes a set
of the aforementioned features, which are the following:

Feature F1: Transform user navigation into a search trail.
Feature F9: Users may interact with the search trail.

Feature F10: Visualize the search trail as a fdioected.
FeatureF11: Enrich the search trail nodes by textual annotations.
1 Feature F12: Use clustering for structuring the search trail.

=A =4 —a 4

The panel on the right side of the &Homebd p
tracted from the visited web pages (Feature FBEe keywords are extracted from the visited
pages at the runtime of the system. Keywords may be clicked by the user. This highlights the
clicked keyword in the list and highlights all nodes with the corresponding keyword in the

search trail Figure 41, with the search trail nodes corr e:
6Finderdéd highlighted in green). This way, us e
reeked to a certain keyword. Additionallwy, the

tomatically opens a new browser tab with a web search for the recently highlighted keywords.
Therefore, the keyword list can be used to trigger seamhpseviouslyunknown keywords.

SearchTrails |

Home Highlights Continue Settings

Searchtrail visualization Username
Search title

_—

v

Keywords

Apple (3)
Tech (2)
Finder (2)
Search (2)

Searchbutton

Figure 41: Schematic view of SearchTrailéhome page.
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A

OHi ghl i ght so

The O6Highlights6é page collects alll val uabl

page is essential for the synthesis of the infdgiom found. The highlights can be included into

the highlights overview by highlighting the according text on the web page and presseig a sp
cially defined button. This copies the selected text into the highlights overview, and also marks
the according nde in the search traikigure 42 shows how the selected text from web page
6Page 106 gets included into the highlights
web page the collected highlights (allowing the collection of multiple highlights from the same
page), the host of the ga, and features a direct link to the original page. Additionally, buttons
for removing highlights are included as well as buttons for manually adding commenth-to hig
lights of a certain web page, allowing adding comments for each web page where athighligh
was found.

The highlights overview is ordered chronologically and is displayed with the search trail
still being visible below the highlights view. Similarly, the keywords are still visible when the
highlights are displayedhis page realizes feature.F4

SearchTrails I

Home Highlights Continue Settings

Page 1 I Highlights Host Username

(:a This is somehighlightedtext Hostof Search title

e o within the contextof pagel pagel

Thisis somehighlightedtext _ Keywords

within the contextof pagel SourceLink to pagel Apple (3)

¢ Tech (2)

€ Page Finder (2)
Search (2)

Searchbutto

Figure 42: Schematic view of SearchTrail8highlights page.
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6Settingso

The 6Settingsd page combines all i mp®rtant
plays the unique search trail ID, which is generated atyestart of SearchTrails, before the
searchtrail gets stored. This ID can be used by the searcher to recissdectrail after a par

od of time (Feature F14) or for forwardingti2dt o anot her wuser. On the
searcher can enter a useme and a title for the search. This may help other searchers ie ident

fy the broad topic of the search trail mor e
checkbox, which enables or disables the remote storage mechanism. If the searcimdtail is
stored remotely, it needs to be possible to s
The 6é6Settingsé page stildl shows the search t

usernane and the title of the sear(df. Figure43).

SearchTrails
Home Highlights Continue Settings
Yourtrail ID: abcdefgh1234567890 Username
Username: Search title
Title:
Enableremotestorage A Keywords
Apple (3)
Tech (2)
Finder (2)
Search (2)
Searchbutton

Figure 43: Schematic view of SearchTrailésettingspage.
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6Continue a search trail o

The 6Continued page of tostinue aseareh trail bycbotlsargt he possi
en search trail ID or a search trail data object. In case a search trail ID is entered, the according
search trail is requested from the remote log storage server. The retrieved search trail is rendered
by SearchTrailsand all keywords and highlights are recreated. The user can then continue and
extend the search trail (Feature F15). This page is the basis for enabling asynchronaus collab
rative search (Feature F16).

When the search trail data object was stored lodsallyhe user, the search trail does not
need to be fetched from the storage server. Instead, the search trail data object is loaded and
rendered by SearchTrail§.h e 6 C o n t additionalyshqwa thheesearch trail and theyke
words, such that the usearceasily check whether the trail was loadedemly (cf. Figure44).

SearchTrails
Home Highlights Continue Settings
Entertrail ID: Username
Or selectalocal SearchTraifile Search title
Choossdile : Keywords
Rendertrail!
Apple (3)
Tech (2)
Finder (2)
Search (2)
Searchbutton

Figure 44: Schematic view of SearchTrail§continuation page.
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Other pages

It may be necessary to include other pages into the SearchTrails user interface. These pages
can be explicitly intended for the users of SearchTrails, or they can be intended for thp-develo
er of SearchTrails.

For supporting the users of SearcliTla s , a OHel pb page is needec

the overall functionality of SearchTrails and different features. The help page explains the
color coding of the search trail nodes and the keyboard commands for creating a highlight or for
marking apage as valueless. Furthermore, the page explains which nodes may be deleted and
whichnotFor devel oping and testing purposes, a
page shows the underlying data from which the search trail is created. In casedaes not

want to store the search trail remotely, the search trail data can be downloaded from that page to
the local hard disk. Recreating the search trail from the trail data is possible by loading the
search trail data on the O6Continuedé page.

In this subchapter, | build upon the technical features developed in the previous subchapter
and integrate these features into a prospective user interface of SearchTrails. The subchapter
therefore provides a first picture of the functions of and the Ilplessiser interactions with
SearchTrails. Ithe next subchapter, propose a roagthitecture of SearchTrails by identifying
its logical components.

3.4 Rougharchitecture of SearchTrails

In the previous subchapters of this chapter, | more and more congblidatdifferent m-
sights gathered i€hapter land Chapter 2of this thesis. First, | derive requirements from the
related work. Second, the requirements are clustered to form certain features of the envisioned
system SearchTrails. Third, the developed features are transformed intelaveigtoncept of
the SearchTrails usénterface.In this subchapter, | developraugharchitecture from the user
interface mockup. The architecture can be considavadh as the technical realization may
have to be more complex to achieve the proposed functionality.

Figure45 shows theougharchitecture of SearchTrails. This view already reveals the logic

behind the user i nterface. While the wuser i
6Hi ghlightso, 6Continue a searchbo, and O6Set
trail datad and O6Hel pbd) , the inner | ogic of

one additional component residing in the normal browser functigndlne three components
are the following:

1 Logging engine
The | ogging engine captures informati on
It gets informed about all changes of opened or closed tabs, changes of the displayed
URL, or the status of thvisited web pages with respect to the loading of pages.
The logging engine interprets the browser events and creates the data object underlying
each search trail, containing information about the nodes, their metadata, thegr succe
sors, and the follower nodes. The logging engine furthermore retrieves information
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about the pagebs keywords and storeées this in
larly, the web page highlights are retrieved by the logging engine and stored with the
corresponding node ite search trail data object.

9 Visualization engine
While the logging engine is responsible for creating und updating the search trail data
object, the visualization engine is responsible for all user interface functionality. As
such, it builds the usertierface consisting of the four main pages and the two suppl
mentary pages. It is also responsible for creating the start/stop/pause buttons of
SearchTrails, which have to be integrated into the overall browser structure.
The visualization engine builds &learchTrails page content from the information in
the SearchTrails data object. This data object is served by the logging engine ejpon ev
ry change of the data object. Any change of the search trail that is made in thie visual
zation is fed back to the logmgy engine and results in a change of the data object.

i Storage engine
The storage engine is responsible for the regular saving of the search trail data object.
This is achieved by a customized data storage infrastructure. When a user enables the
remote stang of the search trail, the search trail data object is sent with its nesvly cr
ated, unique ID to the storage server, where it is stored under the respective 2. In re
ular time intervals and when SearchTrails is ended by the user, the storage engine r
guests the recent copy of the search trail data object from the logging engine and stores
it on the storage server. In case the new search trail data object differs from the prev
ously stored version, the old version gets updated by the new one.
When a userequests a search trail by its ID, the storage engine contacts the storage
server and retrieve the data object from it. In this case, the given search trail ID is also
used for storing the updated data object, which results in updating the retrieved data
objecton the search trail storage server

As an additional component, the page data retrieval engine is needed. This component is
usedfor extracing data from all visited web pages and segdhis data to the SearchTrails
logging engine. In order to gerate the keyword table, SearchTrails needs to evaluaterthe co
tent of all visited web pages to extract the keywords from these pEgiexhieve this, every
page has to be evaluated for its keywords. Technically, this has to be done by code that is ex
cuted for every single web page in every browser tab. Similarly, the code in the data retrieval
engine enables the pages to send the highlights with their respective metadata backgto the lo
ging engine. The data retrieval engine code executed for everydvisiéd page enables
SearchTrails to catch the userds highlighted tex
data within the search trail. The data retrieval engine is a componeid thgicted intoeach
web page and is therefore more a pathefweb browser functionality.
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Web browser SearchTrails extension logic

SearchTrails
user interface pages .
Visualization 3‘;‘;‘:2”3”
Home //' engine g
Highlights A ¢ '
Settings data object}
Continue Logging {SearchTrail
engine data object}
Otherpages é
Web browser ¢
functionality K Storage 1
engine
Page data
retrieval engine

Figure 45: Searchrrails 6rough architecture.

3.5 Conclusion and atlook

This chapterconnectgsthe related work and the actual implementation of SearchTAails.
set ofabstractrequirements from thenotivation and the evaluaion of the concluding tales
framethe scope of the SearchTrails syst&wearchTrails is implemented as a web browser e
tension featuwrsa forcedirected graph visualizatior set oftechnicalfeaturessnsurs thesup-
port for conplex search support and the interaction with search traitet of four highlevel
user interface viewdemonstrates theore elementsf the technical realization of SearchTrails
which are the search trail visualization, the highlight overview, batimgs, and the possibi
ity to continue a search trailhe archite¢ural viewincorporaesboth the user interface and the
logical background of SearchTrails.

Considering the research questions develope@hapter 1 this chapter can add info
mation to answering research questioncRQl. 1 ¢
tions?6d. For answering RQl.1 6Are seabshwebali
search?6é, this and the next chapter deaxel op t
tion into search trails for supporting collaborative search processes. Chagtersents a set of
functional requirements for answering RQ1l.2 6
the users to support capturing both.the cont e:

In the next chapter, | describe the process of the technical implementation of SearchTrails.
Beginning with the first versions, which are not fully functiortak Chapter 4describes the
iterative process of developingechnical solutions which finally enable the realization of

SearchTrails.
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Chapter 4
Implementation

The first three chapters of my thesis paved the way for the technical realization &f-Searc
Trails, which | desgbe in this chapter. I€hapter 11 motivate the idea of SearchTrails with
the help of motivating scenarios and work out the problems to overcome during setgéads
collaborative complex search processgisapter Zevaluates a range of related work, frora-hi
torical foundations and theoretical approaches to an overviesystéms for logging search
processes and supporting collaborative search proce3lapter 3builds upon the first two
chapters by evaluating the motivation ahd telated work. | evaluate the comparing tables of
the related work and develop a set of abstract requirements for implementing SearchTrails.
These abstract requirements are transformed into a set of technical features for SearchTrails
These technical fgures lead to a more detailed concept of SearchTrails, which is described as a
series of user interface screens. Finalyapter3.4 presents a roughrchitectureof Seart-
Trails.

In this chapter, | describe the implementation process of SearchTrails, starting frdm the a
stract architecture and the more detailed technical features of the previous chapter. This chapter
is divided into four subchapters. Bhapter4.1, | explain the final architecture of SearchTrails
and its internal components in more detlilChapterd.2, | describethe final implemerdtion
of SearchTrailsexplaintechnicaldesign decisions and introduaeset of frameworks and tools
which are used for the implementation of SearchTrails. Then ¢épreetails ofite search trail
data object and the function of the search trail remote storage mechanism.

In Chapter4.3, | present the design iterations made with SearchTidilst present paper
prototypes that have led towards the development of concepts for SearchTrails. | then introduce
an initial prototype | developed at a very early stage of the thesis which has some substantial
differences compared to SearchTrails.drttexplain the progress made during the impleaient
tion of SearchTrails during the first and the second iteration of the development cycle. [Especia
ly the Chapted.3.3and4.3.4 can provide hints towards answering research question RQ1.2
6Which functions?56, as they describe the i mpl eme
SearchTrails. The last subchapter dodes this chapter.

4.1 SearchTrails architecture

In this subchapter, | present the final architecture of SearchTrails. In contrastréoighe
architecture presented at the endCohpter 3this version of the architecture includes details on
the respective frameworks that are responsible for achieving the desired functionality. Before
explaining the components that contribtdethe architecture of SearchTrails, | describe the a
chitecture itself.

The overall architecture of SearchTrails is split into seside and clienside components.
On serverside, there exist the Nodeljmsed search trail data storage service deplaye¢hke
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Platformasa-Service provider Heroku and the BSCW workspace server which serves as the
search trail storage. A more detailed overview of the integrated services and frameworks can be
found in Chapted.2.2 The search trail data objects are stored to the BSCW as described in
Chapter4.2.4 All communication between ¢hserverside components is made via HTT& r
quests (cf. the black arrows kigure46).

Webbrowser

SearchTraiIs Ul page

Visualization engine Imported

BSCW server
searchtrall storage

—-b AContent scr|p1|

1§ Awordstats.js A Visualization (js, scripts / i
i html, css) of search frameworks ii 2 -
trail A jQuery i g
A Update search trail A Bootstrap i & ID 1: '
A Helper functions (js) A D3.js iL {SearchTrails
for user interaction A mustache. data object}
D 2:
{SearchTrails
data object}

|3

H Storageengine
Resides besides the logging
engine.
ACommunicatiorwith the node.j jS
server i
Astore the search trail data objecq\ storage service:
ARetrieve the search trail data i node.js server
object by ID i

: i AGenerate search trail |
i Acapture user events

y i1 Ainterpret user actions
N \bs ATrigger update of searcl
i1 trail visualization

i ACommunicatevith all
componentsretrievedat

\\“ Loggingengine
Sk

SearchTrails da

Background

Client side Server side

Figure 46: Detailed architecture diagram of SearchTrails.

On client side, several components exist in each SearchTrails insfamoanifestfile
serves as theoonection between the browser and the extension itself. It contains data about
which components belong to the extension, which permissions the extension requests from the
user, and defines some standard behavior for the extension. The most importantecsiioon
SearchTrails are the logging engine, the visualization engine, and the storage engine. Additional

components are the content script and both the HTML file and the accdediggriptfiles for
the SearchTrails browser pap.

At the start of SeahTrails, a new tab is opened containing the visualization enginel-Simu

taneously, the logging and the integrated storage engine are started as SearchTrails extension
background scripts.

Therefore, SearchTrails coes of several different clieside conponents interacting
with each other. These components areféflewing (cf. Figure46. The components with the
red dotted frame are created or delivered by Searith,Twehile the components with the blue
dashed frames are native browser components):

T The SearchTrail s mani f est file, which dec

browser.
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1 The SearchTrails browser pap, which offers controls to start, pausestmp Searo-
Trails.

I The SearchTrails visualization, running in a separate browser tab. The visualization
page contains the visualization engine.

1 The SearchTrails background components, consisting of the logging engine with the
integrated storage engine. Theoggi ng engine transforms the us
browser into a search trail, which is stored on the remote search trail storage server by
the storage engine.

1 A number of browser web pages which are each opened in separate tabs of the brow
er. Ezh tab contains a content script that extracts the keywords from the visited web
pages.

1 The browser background storage, which keeps the search trail data object and serves as
a link between the visualization engine and the SearchTrails background corsponent

All these components technically exist within different processes of the operating system,
such that several means of communication between these componer@sesmsaryinteraction
between the cliemide components of SearchTrails happens eitheegigtering listeners for
certain events or by message passing between SearchTrails components. Browser extensions
can register listeners for browser events, such as the interaction with browser functiorts, intera
tion with browser tabs, or for the chandestorage objects (cf. the blue arrowsHigure 46).
After registering a function to a listener, the respective function is called each time the event
happens. Sear@hails registers listeners for the following purposes:

1 The logging engine registers listeners to get informed about all changes of browser
tabs, their creation, change of URL, switching between tabs, and the closing of tabs.

1 Both the logging engine and thesualization engine register listeners to get informed
when the respective other component has changed the search trail data object in the
browser6s background storage.

When the implementation of listeners is not feasible, information is shared beheegin t
ferent parts of SearchTrails by message passing. This mechanism is offered by the browser to
enable interaction between components that do not reside in the same logical spaserdls
components of SearchTrails exist in different logical spatessage passing is the solution
that allows interaction between these components (cf. the green dashed arFogigar6).
Message passing is needed between thawislg components:

1 Interaction between the pap script and the SearchTrails background components.
The popup script informs the logging engine whether SearchTrails was started,
paused, or closed.

1 Interaction between the web page tabs anédachTrails background components.

The content script injected into all web pag
SearchTrail sbd | ogging engine.

1 Interaction between the SearchTrails background components and the SearchTrails
visualization.

When a usechanges parts of the search trail, these changes are passed towards the
SearchTrails logging and storage engine.
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This combination of communication mechanisms enables the interplay of the different
components of SearchTrails. The following sections erpddli SearchTrails specific corap
nents and their functionality.

SearchTrails browser popup

The SearchTrails browser pap is registered in the manifest file of the SearchTrails e
tension. It is responsible for creating a SearchTrails icon next to the browser address bar, where
a click triggers the start of SearchTrails. Additional clicks on the SearchTrails icon offer the
possibility to pause or end a pause of SearchTrails ogettie extension, according to the
state diagranirom Chapter3.3, extended bya graphical state indicatdcf. Figure 48). Figure
47 shows the pojup when SearchTrails is active and offers the optionmuse or end Seéarc
Trails.

Viz2.html Y

FIT-WIKI it

Pause
End
D O Logger
cloas

Figure 47. SearchTrails browser popup and user options.

N
[ Inactive <:
/

Start Stop

<
Active <:

J

End pause Pause

N
Pause <:

J

Figure 48: SearchTrailsdstates andicon color coding

Content script

The content script gets injected into every tab the browser is maintalfongeach web
page, the content script is executed after loading. By making use of wordstats.js, the content
script extracts the five most important keywords of every visited page. The content script sends
the five most important keywords via message pgstinthe SearchTrails logging engine,
where the keywords get attached to the node representation in the search trail data object and get
integrated into the search trail visualization and the keyword table.

Logging engine

The central part of SearchTrails the logging engine, which is started from the Searc
Trails extension manifest file and runs in the background in an own process of the operating
system. At the start of SearchTrails, the logging engine registers a number of listenersrfor seve
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al browserevents, such as the opening, updating, and closing of new browser tabs, and the act
vation of tabs. This way, the logging engine gets informed about all user interaction with the
browser tabs. The logging engine receives the corresponding events andigaifvean to the
interpretation logic, where the user interaction gets translated into the search trail data object.
User events that result in a visible change of the browser content, such as the opamniegy of

tab, the switching between tabs, or follogia link trigger a change of the search trail. In these
cases, the search trail data object gets updated. However, the description and the title of a page
arefrequentlynot presenturing theloading of a site, thus the new node gets created without

this informationin these casesThis helps makg SearchTrails reactive for the user, as new
nodes are created immediately upon visiting a new web page. Upon the update event of a
browser tab, the newly contained information gets extracted and the seardht&raibject gets
updated. Depending on the web page visited, these events can occur multiple times and need to
be filtered out. Each time the search trail
background storage.

Background storage

The background storage manages data objects from all extensions in a sandbox and serves
as a link between the SearchTrails background components and the visualization. Whenever the
search trail data object is changed by the logging engine, it is storeditactkmground storage.

The listeners registered by the visualization engine are triggered at any change okthe bac
ground storage. When the change event o6& name
ization engine gets active and updates the vizatdin.

Similarly, the visualization engine may also trigger changes of the search trad force
directed graph visualization, e.g. when a user deletes a highlight or a node. In these cases, the
visualization engine takes the search trail data object frentbdlckground storage, and adds a
remark that a user has changed the search trail data object, which only affects the visualization.
Upon this remarkthe visualization gets changedt the basic search trail data object stays the
same. Still, the loggingngine gets informed to ensure that the most recent copy of the search
trails data object gets stored by the storage engine.

Visualization engine

The visualization engine manages the transformation of the search trail data object into the
force-directed grph visualization and handles all user interaction with the visualization. The

dat a

i mp

visualization engine registers a I|listener on <cfh
change of the search trail dat a oobngetcupdai n t he br

ed. Technically, the visualization is done by the D3.js framework, which generates a force
directed graph that is fully interactive for the user. The falicected graph allows hovering
over nodes and creates pops on the hovered nodesgitables dragging the search trail and
rearranging it dynamically. The SearchTrails visualization also enables ewigkiag on clis-

ters, which results in closing and expandthgc | ust er s . The userds intera

changes to the visualizatimf SearchTrails, but no structural changes to the underlying search
trail data object. For example, when a user closes a cluster, a new cluster node replaces all other
nodes from within the cluster. When the user visits more pages within the clustseatibh

trail data object still gets updated and new nodes are created within the closedFiysted9
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shows a cluster of web pages from the New York Times (left), which gets closed by the user
(middle). As the user visita new pagdérom the same host, one new node is created within the
cluster. This node gets visible upon expanding the cluster. The ravhas led the user to a
page outside the cluster (right).

i mytimes. con 201 57080 1/bus

Obama's Alaska Visit Puts Clim 01/bus
Ohama's Alaska Visit Puts Clim

e nytimes com/2015/00/01/bus Tluster: W.»\.w.nytimes.com
The Mew York Times - Breaking
ny times - Google Search

ny times - Google Search U.5. Interior Department News

The Mew York Times - Breaking

e, nytimes .comV 2015108/ 18/us.

Figure 49: Search trail with cluster indication (left), closed cluster (middle),
and reopened cluster after ongoing browsing (right).

For reasons of data consistency, lttgging engine gets informed about all changes of the
visualization of the search trail data object via message passing.

Storage engine

The storage engine technically lives in the same process as the logging engine. When the
user activates the remote stge mechanism, the storage engine stores the search trail on the
BSCW server by sending it to the search trail data storage engine, and updates the stored search
trail data object at least every five minutes to avoid losing much data. When the storags proc
is started, the search trail data object is taken from the background storage and theaslearch tr
data object is sent to theole.js server together with the unique search trail ID. The search trail
ID consists of a 20 digit random alphanumerical codgether with the UNIX timestampf the
creation of the ID. The bbe.js server then stores the search trail data object on the BSCW
search trail storage server under the respective ID. Changes of the search trail data object are
automatically detected lipe BSCW server and result in replacement of the according file.

When a search trail is requested from the storage server by its ID, the storage engine sends
the ID to the search trail data storage engine, which retrieves the according file from the BSCW
search trail storage and sends it back to the storage engine with the help of a polling mechanism.
Upon the reception of a search trail data object, the data object is loaded into the logging engine
and the visualization is started.

This subchapter preserthe architecture of SearchTrails with all its technical components,
the interplay of serveside and clienside components and the communication within $earc
Trails. The next subchapter explains the technical detihe integrated frameworks.

4.2 Techni@l implementation decisions and
integrated services and frameworks

This subchapter presents details on the implementation of SearchTrails. Themmost i
portant tool for developing SearchTrails is the Google Chrome browser, which serves as the
container forthe browser extension. | first explain why | chose this browser to develophSearc
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Trails for. In order to realize the functionality described in the previous chapters, Google
Chrome supports a number of tools and frameworks. | explain which tools and teksdw
chose for the implementation. After that, | introduce the search trails data abgeekplain
which frameworks and mechanisms contribute to the remote search trail storage mechanism.

4.2.1Selected browser and browser extension details

My analysis of tle related work shows that all recent search logging systems rely on a web
browser extension. Therefore, loge to realize also SearchTrails as a web browser extension. |
decided to choose a web browser that is common among the potential users of Stsaestilra
that is uncomplicated to handle for developméigure 50 shows the distribution of market
shares of the five major web browsers Google Chrome, Micrbstftnet Explorer, Firefox,
Safari, and Opera. The data are taken from the logs of the w3schools Webkitechart can
explain nearly 100% of the different browser types (sum lirkigare50).

100%

90%

80%
70% /
o

60% «=—Chrome

50% -
N Firefox

40% — Safari

\ < ——Opera
30% Sum

_______________________________

Figure 50: Overview of the leadings browseis market share§’.

It turns out that Google Chrome possesses a leading market share since March 2012, and
crossed the 50% market share threshold in Fep2@13.As of May 2016, Google Chromebs
market share has increased7it¥, with its closestcontestaniMozilla Firefox having al7%
market share. For the development of SearchTrails, | compared the possibilities of developing
extensions for both theirefox and the Google Chrome web browser, and finally decidad-to i
plement SearchTrails as a Google Chrome browser extension. This is due to the major market
share and the less complex development for Google Chrome compared to Mozilla Firefox. For
MozilaFi r ef o x, the extensionds mani fest file needs
browser, which makes the extension refuse working when a new version of Firefox-gets r
leased. In contrast, Google Chrome does not require specifying a certain niaxiwesgdr ve-
sion up to which the extension will be supported. Additionally, the internal application structure
of a Mozilla Firefox extension is more tedious than the internal structure of a Google Chrome
extension.

%9 RetrievedJune 202016 from http://www.w3schools.com/browsers/browsers_stats.asp
0 Own visualization, data retrievetine 20, 2016 from
http://www.w3schools.com/browsers/browsers_stats.asp
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For the creation of a Google Chrome esien, some files need to be created. It would be
only of limited value to elaborate on all files that contribute to the SearchTrails extension.
Therefore, | just mention the ones that are mandatory for the creation of the browser extension.
These files ar¢he following:

T A mani fest file named d6émanifest.|seno. Thi
questpermissions for accesg specific data from the usand defines a set oer
sources to be loaded for the extension. Basic informatimsists othe name and the
description of the extension, and the current version of it.
The extension needs to ask permission from the user to be able to access certain data.
Examples for such permissions are O6histor
6t awén accessing the browserds open tabs
the browsero6s | ocal storage shall ke used.
tension in the form of URLs for establishing connections to other servers. In case of
SeachTrails, this list includes a permission to access the remote search trail data sto
age engine, which handles the storage of search trails on the BSCW server.
The resources to be loaded are the links to the content scripts, which are injected into all
visited web pages, and the background scripts, which are executed while the browser
extension is active.

1 An icon, which is displayed as the extension logo in the browser bar. Normally, this
file is called O6icon. png 66 rootfalddr, batalsoinbe | oc
subfolders, if the path to the resource is set in the manifest file.

1 A6 p o p u pfilehwthiohl céntains the content which is shown when clicking on the
extensiondbs |l ogo in the browser bar.

1 All other files are optional and may be indkd in an extensiegpecific file structure.
Additionally, web pages being created in an extension may include other osline r
sources, such as links to commonly used programming frameworks.

This sectionexplainswhy | chose Google Chrome as the browsemiplement Seafc
Trails for. The section furthermore explair®me necessary components $etting up the
browserextension.

4.2.2Integrated services and frameworks

This section describes the services and frameworks that are integrated into SearchTrails
and whth contribute to its overall functionality and appearance. The services and frameworks
reach from services for storing data with the help of cloaskd Platforrasa-Service prowil-
ers to standard frameworks for elaborated JavaScript functionality and fegsmeworks. More
specialized frameworks are integrated for data visualization and word frequency extraction. The
integrated services and frameworks are the following:
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f BSCW! Basic Support for Cooperative Work*
BSCW is a wekbased shared workspace systeffering a folder structure with elab
rate functions for team collaboration. | chose to work with BSCW as it is uncotaplica
ed to access by the BSCW API and allows convenient user access to the stored files via
a comfortable web user interface. BSCW Hesddvantage that it can be configured to
overwrite existing objects and allows the remote creation of objecis W&I. BSCW
makes it especially easy to manage large sets of files, e.g. the storing and securing of
the search trails generated during tiser studies (cfigure55). The search trail data
objects are stored on a German server and are password protected, thus ensaring priv
cy of the stored data.

Heroku®
Heroku is acloud application platform, which is a PlatfoHasa-Service (PaaS) pr
vider. Heroku offers support for a range of languages and features support for a large
number of frameworks, includinjode.js. Alternatives to Heroku would have been
setting up an own server, or relying on other PaaS services, such as Amazonr\WWeb Se
vices® or the Google Cloud Platfofth | chose to use Heroku, as it turned out to be
uncomplicated and free for the limited computing power needed for the SearchTrails
data sorage service.

f Node.j$®
Node.js isa serverside runtime environment, which can be deployed on a number of
different platforms. It is opesource and allows the easy creation of sesid& appt
cations. The name already suggests that all applicationsridten in JavaScript. For
reasons of crosarigin resource sharing (CORS), Node.js is used to build the server
that receives the search trails from the storage engine and manages the storage on the
BSCW server. Furthermore, this server also managesrigtsbarch trails by their ID.

1 [Query®
jQuery is a crosglatform JavaScript library for clierside use. jQuery eases the a
cess to and manipulation of the HTML document object model (DOM) elememits. Fu
thermore, jQuery offers easy methods for starasghchronous JavaScript and XML
(AJAX) calls. jQuery is integrated in most modern webSitesd is required by a
number of other JavaScript libraries. SearchTrails needs jQuery as a prerequisite for
other frameworks (such as Bootstrap), and also for a nuoflo@ernal functions.

f Bootstrap®
Bootstrap is a framework for web page user interface design. Bootstrap comes with a
large number of features and components, which are not all used within SearchTrails.
Most important for SearchTrails are the Bootstrapesiyformation (coming as Ga
cading Style Sheet (CSS) information) which allows the easy construction ohSearc

®1 Retrieved August 27, 2015 frohitp://www.bscw.de/english/

62 Retrieved August 27, 20%Bom https://www.heroku.com/

63 Retrieved August 26, 2015 fronttp://aws.amazon.com/elasticheanstalk/

%4 Retrieved August 26, 2015 fronttps://cloud.google.com/

% Retrieved August 27, 2015 frohitps:/nodejs.org/en/about/

% Retrieved August 262015 fromhttps:/jquey.com/

®" Retrieved August 26, 2015 frohitp://w3techs.com/technologies/overview/javascript_library/all
% Retrieved August 26, 2015 frohitp://getbootstrap.com/
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Trailsd pages, and the addi ing enmaldingbdioot st r
user interface functions, e.g. paps.

§ Data-driven documents (D3.jsf°
D3.js is a JavaScript library for generating dynamic data visualizations in thenuser i
terface of web pages. The visualizations created by D3.js are dynamic and interactive,
such that users can interact with the generated visualizationds HuiSieved by D3.js
relying on HTML5, Scalable Vector Graphic (SVG), and CSS standards. Furthermore,
D3.js contains methods for generating convex hulls around nodes, or for creating a
rays of canonical colors. D3.js allows control over a large numbeawopgepies of each
visualization element.
SearchTrails uses D3.js for generating the falicected graph visualization. Several
properties of the nodes are controlled by SearchTrails. The clusters around nodes of the
same host are computed by the conhels around the nodes of the fordigected
graph. As D3.js makes use of SVG objects, all parts of the search trail are individual
SVG elements, where data can be attached or events can be generated. This allows
freely configurable user interaction withet search trail itself.

 Mustache.js’°
Mustache is a tempiag enginewhich features implementations for all major coding
languages. Mustache.js is the JavaScript implementation of mustache which allows u
ing any string with placeholders as a template adilbed with content. SearchTrails
needs predefined HTML fragments within the JavaScript code and uses Mustache for
replacing placeholders in the HTML code by actual content.

 URLjs™
URLjs allows convenient access to all possible properties of URIssfaed in the
RFC 3986° standard from January 2005. URL.js can be both Uniform Resource Names
(URNs) and Uniform Resource Locators (URLs). While URNs provide a persistent
unique name to a resource, URLSs locate given resources and therefore enable lookup of
the resources. In case of SearchTrails, URLs are most relevant. RFC 3986 defines the
structure of URLs in Section 3 as follod. Figure51):

foo://example.com: 8042/over/there?name=ferret#nose
\ _/ \ [\ /[ \ /N
I |

scheme authority path query fragment

Figure 51: Structure of a URL accordingto RFC 3986.

In order to avoid reimplementing parsing mechanisms for URLs, URI.js was integrated
into SearchTrails. SearchTrails uses URL.js for parsing URLS, extracting details like the
hostname, or for removing fragment links from URLS.

% Retrieved August 26, 2015 frohttp://d3js.org/

O Retrieved August 26, 2015 frohitps:/github.com/janl/mustache.js/
"I Retrieved August 26, 2015 frohitp:/medialize.github.io/URL.js/

2 Retrieved August 27, 2015 frohitps:/tools.ietf.org/html/rfc3986
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! Wordstats”®
For extracting keywords from web pages, a mechanism had to be found that evaluates
websites and derives keywords from the websites. WordStats achieves this by counting
the number of words on a web page and by weighting the words based on the location
in the HTML DOM. WordStats first parses the wsite and eliminates all words that
can be found in a sedéixtended list of 1101 common terms in German and English (e.qg.

ot her , our, their, them,é). These words are
cluded from tle calculations. All meaningful words are stored in an array. Based on a
wordbés | ocation on the web page, a value i s

For example, the occurrence of a word in arhbading is weighted with a factor of 15,
while the @currence in a bold or italic part of the text is weighted with a factor of 3. For
each new occurrence of the word, the value is added to the array, from which the most
relevant keywords are extracted after parsing the web page completely.
SearchTrailsnjects the WordStats script into all visited pages, evaluates the keywords,
and takes the five highest ranked words as the keywords for a page.

This section mentions all external libraries, frameworks, and tools that were used for reali
ing SearchTrailsrad explains their use in SearchTrails.

4.2.3Generated data

In this sulsection, | introduce the daigenerated by SearchTrails andllected in the
search trail data object during the use of the final version of SearchTrails.

The search trail data object is ®tdras a JavaScript Object Notation (JSON) object. JSON
is specified under two standards, namely RFC 7188d ECMA404”°. While ECMA-404
specifies JSON in a very technical way, the RFC 7159 standard includes some addigjonal su
gestions for semantics and gety of the data structure. Recently, JSON has become an almost
standard approach for the lightweight exchange of information, due to its low formal overhead,
especially when compared to XML. For this reason, JSON is used frequently for transferring
datafrom representational state transfer (REST) web services.

The search trail data object contains on its first layer five different types of information
(Figure52). These refer to the formdkfinition of a search trail aset S = {U, T, I, N, R} (cf.
Chapter2.2.2. The data object #icludes the usernam& and the titleT of the search, which
can be sendividuallyby t he searcher, and the search trail
trail ID (1) is generated upon the start of SearchTrails, based Oigi? alphanumeric random
code, the | etter ¢ dobthedimedof crehtienWhildlthese tidkreetprepe st a mp
ties of the JSON object are t e@hannidc adrlesc esnttrdhnag s ,
g e L @Ry d@&e more complex data struots (abbreviated iRigure52) . T h e-object sz d e s 6

73 Jean Francois ¢vinne (2007). Wordstats. Retrieved Aisg26, 2015 from
http://hovinne.com/articles/jguemyordstatsplugin

" Retrieved Seember01, 2015 fromhttps:/tools.ietf.org/html/rfc7159

> Retrieved Seember01, 2015 fromhttp://www.ecmainternational.org/publications/files/ECMA
ST/ECMA-404.pdf
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mation about t nodes in the graph, and the sequence of actions that lead to thdradarch

{

username: "user_5",

title: "3D - Printing",

logid: "9sfjlhxqv95abbg6xwmrd1422310649086",
nodes: {...},

recentChangelLog: [...]

Figure 52: High level structure of the search trail data object.

Figure 53 shows an exemplary excerpt for a single node from a search trail data object.

This data structure atches the definition of a node as a set of tuadea set of tupled = {(u,
ti, Hi, Su, V,h)} from Chapte.22Wi t hi n t-dictionarynmeach exié gatientified by
its own URL. This has the advantage that for the creation of each node, it only needs to be

ch

ecked whether an entry with t {dietionarge é&ddn t URL
tionally, each search trail node contains the followingrnmiation:
1 URL (u)
This is the nodedés own URL, stored for bet
1 TablID
This is the internal web browser tab ID, in which the page is opened. This is uged to d
tect whether the user switches between different tabs.
1 Title (i)
Thisisthepagebds titl e, as set by the creator
search trail visualization next to the node.
1 Highlights (Hi)
The highlights arean array containing all user defined highlights on a certain web page.
The array itself is sorteloly the time of the creation of the highlights.
1 LastHighlightSet
This is the UNIX timestamp from when the last highlight was set. This information is
used forchronologicalbrderingof the highlight overview
1 SuccessorgSu)
Successorare the nodes thateaconnected ta node by an outgoing edge. The nodes
are referenced by their ID, which is their URL.
1 Visits (V)
These are the timestamps of the visits to this node. Atirisiistamp is created upon
opening a URL.
1 Hostname(h)
This is the hosthnameasdeed from the nodeds URL. It is
in the search trail visualization.
{ Status
This is the status of the web pager 1|t [
mation still needs to be updated. Upon creation, the node has umiatiitator. When
al |l i nformation is set after updating the
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favliconUrl

This is the URL of the pagebs favican. I

tion, but turned out to clutter the visualizationpesially when pages do not have a-fa

icon or use a standard one.

Keywords

These are the five most relevant keywords of the corresponding web page. They are d
rived by the wordstats.js script which into each visited web page and are used to create
the keywad table in SearchTrails.

MetaJSON

The MetaJSON contains all meta information provided by HTML meta tags aethe b
ginning of the page. This information was planned to be integrated into the \dsualiz
tion. Due to a low level of consistency, this informatiomed out not to be helpful.

{ username: "user_5",

title: "3D - Printing",
logid: "9sfjlhxqv95abbg6xwmrd1422310649086",
nodes: {
http://localmotors.com/3d - printed - car/: {
url: "http://localmotors.com/3d - printed - car/",
tabld: 92,
title: "Local Motors - 3d Printed Car",
highlights: [
"The 3D - printed car is made from ABS plastic that has been rei n-
forced with carbon fiber. Material for these experiments has been donated
to Local Motors, Oak Ridge National Laborator y, and Cincinnati Incorporated
by SABIC.",

"Is the entire car 3D printed? Everything on the car that could be
integrated into a single material piece has been printed. This includes the
chassis/frame, exterior body, and some interior features."

1
lastHighlightSet: 1422311680712,
succ: [

"http://lwww.google.de/?gfe_rd=cr&ei=df&gws_rd=ssl",

"http://en.wikipedia.org/wiki/3D_printing",

"http://www.inside3dp.com/3d - printing - automotive - industry/"

1

vi sits: [1422311378695, 1422312717600],

hostname: "localmotors.com”,

status: "complete”,

faviconUrl: "https://daksb2z.cloudfront.net/545562d/favicon.ico”,

keywords: ["car", "local", "motors", "printed"”, "revolution” 1,
metaJSON: {
description: "The 3D Printed Car premiers at Detroit. Perhaps the
best example of the power of co - creation and micro - manufacturing, the Local
Motors Strati struts its stuff on the NAIAS floor from January 12th - 25th.
If you are at Detroit, you can watch a Strati being made or win a 3D Prin t-

ed ride on the track.",
generator: "Webflow"

}
h
http://en.wikipedia.org/wiki/3D_printing: {...},
h
recentChangelog: [...]

}

Figure 53. Excerpt of the searchtrail data object for a single node with highlights.
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Even i f -bbiee dedcnbedtiee nddes for the search trail and would be abte to re
reate the forcelirected graph, it does not contain all information about the temporality of the
us er 0 s. TheadcentCimasgelLog data object contains information about the sequence in
which the search trail has evolvddgure54 shows some exemplary events that get captured in
the recentChangeLog@he recentChangelLog has been defined in Ch&p?e2as the tuple R =
(n, t, e), where n ithe node represented by its URL as the identifier, t is the timestamp of the
event, and e is the name of the evéyd.the recentChangelLog is an array of dictionaries, all
events are ordered chronologically and contain a UNIX timestamp.

{

username: "u ser_5",
title: "3D - Printing",
logid: "9sfjlhxqv95abbg6xwmrd1422310649086",
nodes: {...},
recentChangelLog: [
{
time: 1422310653909,
event: "newNode",
url: "http://videoag.fsmpi.rwth - aachen.de/vpnonline/13ws - 1407.mp4"

b

time: 1422310660643,
event: "updateNode",
url: "http://videoag.fsmpi.rwth - aachen.de/vpnonline/13ws - 1407.mp4"

-}

~——

time: 1422311335254,
event: "createEdge",

url: "http://www.google.de/webhp?sourceid=chrome - ins&ie=UTF - 8",
fromUrl: "http://www.autonews.com/article/20141027/auto -industry -
uses - 3-d- printing - heavily -in - product - development"

h
]
}

Figure 54: Excerpt of the recent change log of the search trail data object.

Overall, ten different types of events exist, which are reflected in the recentChangelog.
Table 16 gives an overvievof the information stored with each type of event. While all events
contain a UNIX timestamp, most events only contain their own name and the URL of the corr
sponding node. Exceptions are the events that affect the status of the logger, i.e. the pdusing a
continuing of a search, which carry no additional URL information. Another exception is the
0 c r e a teeeBtdwdiehbcontains the start and the end of a directed edge betveerades
with it. These events are stored in a chronological order in tent€hangelLog, and therefore

ensure that the search tr a&veht makesrobvious thatthed eat e d

letion of nodes is used for the modification of the search trail visualization. After a search trail is

fully recreated, the receltiCangelL og i s par s e eevert ovhich ttriggers 6 de |l e

SearchTrails to remove the respective nodes in a chronological order.
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Table 16: Overview of the possible events in SearchTrails and information stored with each event.

Event Event name Other information
Create a new node newNode The URL of the corresponding node.
Update a node UpdateNode The URL of the corresponding node.
url: The URL of the corresponding node
Create an Edge createEdge fromUrl:
The node from whiclthe edge is created
Last visit lastVisit The URL of the corresponding node.
Set a highlight highlightSet The URL of the corresponding node.
Add keywords addKeywords The URL of the corresponding node.
Pause SearchTrails pauselLogger None
ContinueSearchTrails endPauselLogger None
D_elet(? a T‘Ode from the deleteNode The URL of the corresponding node.
visualization
Mark a page as valueless| minusPressed The URL of the corresponding node.

The recentChangeLog is especially helpful for extracting tingben of interruptions of the
search process. Interruptions can be deduced from the number of pause / continue events, but
also from large gaps between consecutive timestamps. In case taraserthe attentiornot
wards another task,lang break between twsingle events in the log would appear, which can
be detected and provide a hint towards the idle times of the user. Another advantage-of the r
centChangelog is that it contains changes that were made in the user interface. Whest users d
cide to delete aode from the visualization, this event gets captured in the log. At the recreation
of the search trail, the nodes are deleted after the full recreation of the graph. This approach
conserves the original search process, and has the technical advanttgeitiiatmationabout
successors of nodes does not need to be changecawbde is deleted.

This section clarifistechnical details of the data behind SearchTrails. The next segtion e
plains how the search trail data object is stored on the remotgestsmever.

4.2.4Remote search trails storage

One important feature of SearchTrails is the remote storage of the search trail data object in
regular intervals on a remote log storage server. Due to technical limitations, a dedicdted mec
anism had to be implemartt to enable this storage. For easy access to the stored logs, BSCW
was chosen to serve as the container to which the logs werd-ggme 55 shows the logs as
they are represented in a BSCW folder.

For storing the logs in BSCW, a way of contacting the BSCW API from the SearchTrails
browser extension had to be found. $sarchTrails technically lives in the browser, the search
trail data object is only present in the userbs
the BSCW API from a browser instance due to G@agin Resource Sharing (CORS)-r
strictions. TheBSCW API does not allow requests from other domains for security reasons.
Therefore, the BSCW API could only be contacted from a remote server, but nat &lent
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browser. To achieve this, | created a search trail data storage service b&mtbfpﬁe, which
receives the search trail data object from the browser instance and takes care of storing it on
BSCW via the BSCW API, making use of a secure HTTPS connection.

[  Logs from Phase 1 » v
This folder holds the meaningful logs from Phase 1.
Ty Mame.a Aktion  GréBs  Erzeugtwon Priori Letzte Anderung Meu
~07vqeibl730rznbhsjld1421535324256.json ad 70K  SFranken 2015-01-21 16:13
Search log of user: User_4 and title: 3D-Printing and logld: 07vg
~Qbkgctydgrdd0gmydisjd1421744456772.json ¥ 515K SFranken 2015-01-21 16:13
Search log of user: user_18 and title: 3D-printing and logld: Obk
~Ofgpngiwschaidretld7d1421719072025.json ¥ 253K SFranken 2015-01-21 16:13
Search log of user: user_21 and title: Home Automation and log
2 One887uihbr7y6v6aTzsd1421720673649.json ¥ 154K SFranken 2015-01-21 16:13
Search log of user: dummy and title: dummy and logld: OneB87:
2ohfi5z6pet7kaosqqufd1421700952550.json ¥ 136K SFranken 2015-02-03 14:35
Search log of user: User_25 and title: Home_Automation and log,
2 2s2cfsvTmatzmzbeOajed1421765572246.json he 84K  SFranken 2015-01-21 16:13
Search log of user: dummy and title: dummy and logld: 2s2cfsvi
£| 2thdfi3ymSelhpSrtplcd1421700972679.json ¥  63.0K SFranken 2015-01-21 16:13
Search log of user: user_22 and title: 3D Printing and logld: 2th4
2| - 3llytitwwtyxdhgu8ir5d1421788812516.json ¥ 243K  SFranken 2015-01-21 16:13
Search log of user: user_23 and title: Home automation and logl

Figure 55: Screenshot of the search trail storage folder in 8CW.

The SearchTrails dde.js server is hosted at the Heroku PaaS provider and manages storing
the search trail data objects to BSCW via the BSCW API. It accepts requests from tle Searc
Trails instance in the browser and receives the search trail datd. dijje server then opens a
secure connection to the BSCW server, contacts the BSCW API, and initiates storing the search
trail on BSCW, where a search trail file is created or overwritten if it already dXigtge 56
depicts SearchTrailsé storage process.

Heroku BSCWserver

searchtrail storage
Open BSCW APtonnection

SearchTrails daf3
/ storage service andstoreon BSCW -
/' node.jsserver
Userl/ID 1:

{SearchTrails
dataobjec}
Sendsearchtrail dataobject
with ID User2 /1D 2:
{Search_TraiIs
Web browserl dataobjec
SearchTrails
nstance 1
User 1
Crossorigin resourcesharing(CORS)
A SearchTrails Securityrestrictions
Instance 2
User 2
Webbrowser2

Figure 56. Conceptual view of the search trail storage process

Similarly, search trail data objects can be retrieved from BgE@Ure57). After sendéhg
the search trail ID to the ddle.js server, the server opens the APl connection to BSCW and

® Retrieved August27, 2015 fromhttps://nodejs.org/
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fetches the metadata all content of the generakarch trail data object storage folder. Within

the metadata, the server application searches fosethiehtrail with the matching search trail

ID and stores the correspding BSCW object ID. Then thedde.js server application requests

the file with ths BSCW ID from the BSCW server via the BSCW API, and the file is delivered

by BSCW. During this process, SearchTrails does @dadmumber of requests to thedé.js

server to poll for the result. When the BSCW finally delivers the search trail datd, dbis is
delivered to the SearchTrails instance as the response for one of the polling requests and the
search trail is recreated SearchTrails

2 - Open BSCW APtonnection

Heroku andreques earchtrail dataobject BSCWserver
SearchTrails dat searchtrail storage
storage service 3 - Deliver BSCWobjec -
node.jsserver with searchtrail dataobject

ID 1:
{SearchTrails
dataobject
1- Requessearchrail ID 1 D 2:
{SearchTrails
dataobjec}

4 - Receivesearchrail dataobject

\ SearchTrails
4

User 1 Instance 1

Crossorigin resourcesharing(CORS)
Securityrestrictions

Web browserl

Figure 57: Conceptual view of the retrieval of a search trail data object

This subchapter explains important details of the implementatioBeafchTrails. It first
explainswhy | choose Google Chrome as a platform for implementing SearchTrails and which
external frameworks and libraries are used to achieve the final featureSsstrofh Trails. | then
explain the generated data and how the search trail data objects are stored on the BSCW server.

4.3 Design iterations

Chapterd.1 and Chapte#d.2 helpintroducing the architecture of SearchTrails and the i
plementation detailsnlthis subchapter, | describe the design iterations which lead to the final
version of SearchTrails. | start with a set of paper prototypes which help to develop the general
idea of SearchTrails. | then introduce an early prototype of SearchTrails. dtasype called
6SemanticClipboardd was developed bef@re the
board helped developing first ideas for SearchTrails, but was based on a different platform with
a different data collection approach.

In the last two setions of this subchaptdrintroduce the two versions of SearchTrails,
which | implemented in two development cycles. Here | explain the set of technical features for
bothversiors of SearchTrailsl evaluate ach of the two versions of SearchTrails insamustudy
and describedith user studies and their result<ihapter 5
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4.3.1Paper prototypes

The work on SearchTrails staktéth early paper prototypes, in which éwklop the idea of
transfor mi ng t Indghe Intereet iGtesa seaech traly Sevarab af these paper pr
totypes provide an insight into the early development phases of SearchTrails. One main idea in
this process is breaking up the linearity tbeé chronological browser history. SefaTrails
should provide a mordimensional look onto the navigation process, which can be considered a
more associative, thus more natwural view on t|

The first section presents a set sietches of search graphs and valuable information,
which inspired the development of SearchTrails. Their key idea was imitating the behavior of
SearchTrails during search processes by hand. The second section presents sketches that depict
a more technicaliew on the creation of search trails, by evaluating which information & nee
ed to build the search trail.

4.3.1.1Search graphs

In this section, | present paper prototypes that convey the overall idea of SearchTrails.
These paper prototypes visualize the eowvisd behavior on a high level. They illustrate the
overall idea of constructing a network of information generated during a complex search pr
cess with the valuablgieces oinformation being highlighted.

Figure58 shows an example information network on the topic of a certain type of artistic
glass,sec al |l ed O6Myra glassd6. The network wa&s const
ior of SearchTra# by writing down the navigation during a search session on the given topic.
Even if the sketch ifrigure58is not readable in every detail, it shows the main gorestf the
search trail as the central starting point. In opposition to the final SearchTrails implementation,
the drawn network featuraéke central information neesk the starting node and not an actual
web page. Another differente SearchTrailss the new web searches are connected to the ce
tral node instead of being inserted into their logical position in the search trail. A number of
enumerated edges to different resources start at the central node. The first edge leads to the r
sults of a Google upry, from which several results are visited. While some results lead-to fu
ther interesting pages (e.g. edge 2 leads to another resource via edge 3), other resiidt pages
not lead to interesting resourc&ometimes the found information triggers a nearsh, which
is attachedd the central point as a new stuail (e.g. the biography in node 3 triggers the search
4). This way, the network emerges during the search, and the single search results influence
each other. This paper prototype especiallysiliates that a search process is not a lineari-cogn
tive process, but that the new information influences the searchers and their actions. Highlighted
in red are the central question and all pages where valuable inforratiebeen found.
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Figure59 shows a second paper prototype on the same search topic. It illustrates how the
valuablepieces ofinformationfrom the information networknay be condensed into a network
of valuable resource§he network only contains the valualpieces ofinformation, which are
found on various pages, thesaa | | e d 6 h i metwbrkngwhanlg shows thénresources
containing valuable information and their relation among each.ofhés idea has not been-i
tegrated into the final implementation of SearchTrails. Instead, | realized that valuable resources
are highlighted within the search trail and show the respective highlights in@ppgpon he-
ering over t he. Thissnay, thehhighlights aré awsays showhevithin theiriorig
nal context.
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Figure 59 Sketch of the valuable resources oédMyra glassdfrom the information network.

Finally, theinformation networkwith its highlights can beondensed into a fact sheet,
which contains the found information in a linear fashion. The sketdtigure 60 shows this
fact sheet on the selected topic. It presengsirtiportant information found during the search
process, and highlights the facts from timormation networkby red frames. Thenon
highlighted information was added manually, without a referencentetvaork node. Partially,
becausehis information wagoo general to be related to just one node; but the information
would still be helpful for a person who is unfamiliar with this topic. All highlighpéetes of
information also contain the reference number of the element inetimeork such that a tight
connection between the fact sheet anditifiermation networkcan be ensured. The fact sheet
view in this paper prototype is very similar to the described highlight overview of SearchTrails,
as it condenses and linearizes the information found.
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Figure60: Fact s he eNMyraglassitdérieed from the ioformbation network.

This section presents early approaches towards the realization of SearchTrails.pFhese a
proaches are both technical and logical in nature. A firstfqeamer prototypes describeshec
nical thoughts for essential features of SearchTrails, such as the creatiomédrination né-
work itself. The second set of paper prototypes provides an insight into the basic ideas that i
fluence the development of &ehTrails.
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4.3.1.2Creating search trails

The sketches in this section build upon the previous, high level sketches. They provide a
glance on the technical thoughts behind the development of SearchTrails, the idea of using a
force-directed graph for visualizatipand the information necessary to build the search trail.

Figure 61 shows an early drawing of a search trail, indicating several key features of
SearchTrails. Thedeatures include a flexible layout, directed edges between the nodes, a non
linear approach of browsing, and highlighted nodes. The highlighted nodes indicate web pages
with valuable information.

0/
o]

Figure 61: Sketchof the search tail as a force-directed graph.
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In order to build such a search trail, certain information is needed. First, it needs ta-be clar
fied which information is necessary for building the search trail. This includes information like
the time of the visit, the pdecessor node, the number of visits, the ID ob#daclirail and the
node, the URL itself, or the status of the tab. Accordingly, it needs to be clarified wheme the i
formation originates and how it is possible to accedsigure 62 shows an early sketch of the
information required to realize the envisioned approach and the possible sources of ithis info
mation. On the left side, the skbtoames the desirddformation and on the right side the

sketch names the sources of this information.

predecessor web pagan both be retrieved from evaluating the browser status. The number of
visits to a web page within session needs to be counted by SearchTrails, while the ID of a
search trail is created by the extension itself. The URL of a web page and the statugof the r
spective browser tab may again be detected by evaluating the browser status.
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Figure 62 Sketch of the information sources for relevant node information.

Similarly, each node in the search trail needs a set of information that provides value for
the user and that includes technical information for building the searchtgaite 63 shows an
early sketch for the minimal information set of a node. This information contains the ID of the
node, the timestamps of creation and visits of theentdte URL, its highlipts, and the title of
the node.
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Figure 63: Sketch of necessary information for a single node.

All this information can be collected from the various information sourcasveb brovs-
er extension. It thenerds to be larified how this information idranslated into the actual
search trailFigure64s hows a sketch which relates Ithe use
opment of a search trail. Even if the sketch is not readable in every detail, it describes some core
principles for SearchTrails. The left column shows the content of the web browser, while the
second column descri bes t Is®wsule sgadhstrailavehileithen s . T
last column shows the information about the recent node (R), the last visited node (L), and the
edge created in this step of SearchTrails in a small table. The sequence of action describes how
the user starts from an emgarch page (node S), visits three new pages after another (hodes
1, 2, 3). From the third visited page, the user navigates back to the first visited page by pressing
the 6Backé button twice. The wuser entAters a ne:
navigating to another web page from the new node (create node 5), the user closes the tab with
the web page corresponding to node 4 still left open, which causes no change in the search trail.
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Figure 64: Detailed sketch, apicting the transformation of user navigation intoa search trail.
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4.3.2SemanticClipboard: A first prototype

Based on the ideas on search reks from an early stage of nilgesis, | implemented a
prototype called 6Semant i ¢coChptume mpatantidarmatiohi s pr
found during search processes, and allows the user to puiettess ofnformation into relation.

SemanticClipboard offers a desktop, on which information elements can be collected. The
users can give a name to the desktop, describing what the information collection is about. New
pieces ofinformation can be created by pasting the most relevant infammanto a specific
template. This template offers the possibility to include five types of information. First, the title
of the information and second the valuable information itself can be collected. Third, the origin
of the information can be enterezlg. the URL of a web resource, or the location of a file, but
also the date and title of a newspaper article. Fourth and fifth, the author of the information can
be entered by the user as well as the creation date pieites ofinformation Figure65).

Neue Clipboard-Information ¥

Hier den Titel des Beitrags einfligen

Hier den Text aus der fwischenablage einfliigen

Hier die Herkunft/URL des Inhaltes einfligen

Hier den Autor des Inhaltes einflgen

Erstelldatum: 2015-08-26—-12:38

Ok | | Cancel

Figure 65: Creating a clipboard element in SemanticClipboard.

After filling out atemplate thepiece of informations created on the desktop. Additionally,
all pieces ofinformation offer an extra field for adding comments. The vieveadhpiece of
information can be switched between the content view, displaying the actual content of the
piece ofinformation togethewith the comments, and the metadata view. The metadata view
displays the author of the information, the location (URL or other), and the creation date. The
different pieces ofinformation can be rearranged by the user on the SemanticClipboard desktop
and hey can be minimized or deleted. This allows the users to arrange the desktop content log
cally and to structure all content based on subtopics of the larger topic.

Figure 66 shows a SemanticClipboard desktop, containing information on organizing a
conference attendance. The different clustergi@tes ofinformation show information about
the conference itself, its location, hotels in the city of Stuttgart, opes takked to the confe
ence, and some information on sights and culture. This structure can be recreated by everyone
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having access to the underlying XML data structure, and can be individually rearranged to fit
the searcherés needs.

SemanticClipboard is atized as an Adobe AIR applicatidnThis allows SemanticQi
board to access the local hard drive, and to store and retrieve files from it. The content of a
search session can be stored on the local hard drive as an XML file. SemanticClipboard allows
recreating XML files from other SemanticClipboard instances on its desktop,tsath search
session can be resumed after interruption. Additionally, SemanticClipboard offers access to a
BSCW server instance from which blog articles can be integrated inpieites ofnformation.

Overall, SemanticClipboard served as a first prototype for extracting, arranging, end sto
ing valuable information persistently. It helped to develop and clarify first ideasednehis
and to identify open questions with resperapturing and exchanging valuable information.
SearchTrails did not yet allow the automatic or manual connectipieoés ofinformation. As
it turned out that the tool developedry thesisshouldr e f | ect t he wuserés inter
Internet, tle work on SemanticClipboard was not continued. This was due to its missingintegr
tion with local web browsers, which turned out to be technically problematic.

gaceEssCW | e

Figure 66: Example desk of SemanticClipboard for organizing a trip toa conference.

At an early point of théhesis, it became apparent that SemanticClipboard served as a ge
erator of ideas on the envisioned possibilities of SearchTrails, but could not be the environment
to develop SearchTrails in. Instead, the programnaipgroach of SearchTrails was switched
from a standalone desktop application to a web browser extension, which | describe in the next
section.

" Retrieved Augst26, 2015 fromhttp://www.adobe.com/products/air.html
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4.3.3First evaluated version of SearchTrails

In this section, | describe the first version of SearchTrails. This vergis evaluated du
ing the first user study in February and March 2014. The version of SearchTrails that was used
for this wuser study was named O0SearchLogger 6.
compared to the second evaluated version,wastthe outcome of the first iteration of the-ite
ative development process.

Figure67 shows the first evaluated version of SearchTrails in a screenshot. In thigsyers
SearchTrails consists of a single page, showing all interaction possibilities. The main part of the
page is reserved for the search trail visualization, while the right column shows the keyword
table. The toolbar on the bottom of the page offers dotaeaction possibilities to the users.

SearchLogger  Home

This table presents the
keywords which are appear
on at least 2 pages

IMark some keywords and
click on 'Search' to start a
google-search for these
keywords.

N Search
quration | Crypto

Keyword #
bitcoin 9
coins 3
mining 6
cryptosource 5]
part 5
cryplocurrency 3
bitcoins ]
alternative 4
how 4
cryptocurrencies 4
mine 3
started 3
step 3

Settings ~ Show my highlights ~ Help

Figure 67: Screenshot of the home screen of the first evaluated version of SearchTrails.

The search trail visualization of the first evaluated version of SearchTrails is already very
similar to the second version, offering the cenfedturesdeveloped inChapter 3 Thesefea-
turesare the following:

9 Forcedirected graph visualization
The searchrail is visualized as a foredirected graph, which is rendered by Shkarc
Trailsd visualization engine. Due ®0 1its
ments; the search trail can be manipulated by the users. The search trail allows being
dragged ad rearranged within the borders of the fediected layout. As such, it is
possible to turn the graph, and to disentangle nodes, but it is not possible to attach
nodes to each other or to fix the layout.
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1 Textual descriptions of the nodes
Each node is desbed by the title of its corresponding web page, as given by the web
page creator. In order to avoid excessively long titles, the titles are abridged after 25
characters. This is sufficient for the most essential information, as the namingn-conve
tion of web pages seems to be the individual name of the page, followed by the host of
the pageThis way,the title can be abridged without losing too much informatioa. E
amples for this ar-eNi EAbedriraat itvhe dureree necrycy
0 Bi t ctimated Trensaction Volume (BCHAINDat a and Charts from Qu

1 Pop-ups on the nodes
When hovering over a node, a pop is displayed, showing the unabridged title of the
web page as a link to the corresponding web page, as well as the keywordselh the
page. If the user has attached highlights to a node, these are also displayed in the pop
up box.

1 Clustering nodes
The search trail visualization features the clustering of nodes. For this purpose, convex,
colored hulls are created around all nodes ftbensame host. As one node can only
belong to one host, usters cannot intersect. Dowdkcking into the cluster hull tg-
gers the contraction of the cluster. The set of all nodes within the cluster is replaced by
one large cluster node, and only theand outgoing edges andfrom the cluster e-
main. Even when the cluster is collapsed to a single node, the underlying search trail

stays fully responsi v esnewnodeswéhinthe elustersf act i ons
necessary.
1 Highlights

Wheneverhe user sets a highlight by sBlecting t

t r -&ely, dhe selected text is added to the highlights of the corresponding node and a

pears in the table of highlights. -lphe node i
showst he nodebés highlights. By coloring the no
identifiable for the user and maeésible where highlights have been found.

1 Marking the recent node
In order to provide soe orientation within the foredirected graph, theode core-
sponding to the lastly visited web page is highlighted by a red circle around it.

The keyword table is also very similar to the second version of SearchTrails. Aftet-extrac
ing the five most relevant keywords from each visited web page, theokeéywet attached to
the node data in the search trail data object. Upon every change of the search trail data object,
also the keyword table is updated with the new keywords. The keyword table contains all ke
words that appear on at least three diffeygages. It is ordered by the frequency of thg-ke
words, showing the most frequently found keywords on top. Clicking on a keyword highlights
the according keyword table row, and marks all nodes in the search trail which contan the s
lected keyword. Selectinmultiple keywords in the keyword table is possible and results in
marking all nodes in the search trail which contain at least one of the selected keywords. The
search button on top of the keyword table offers the possibility to search for the setgeted k
words by opening a new tab with a Google search on all selected keywords.
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The toolbar on the bottom of the page offers some interaction possibilities to the users, i.e.

changing settings of the graph, accessing the underlying search trail data ofjedizing the
highlights, and accessing a help page. All informai®shown as visual overlays over the
search trail visualization.
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i Settings

Clicking the settings button results in displaying two input fields, where the username
and the title of the seen can be entered. Both pieces of information are stored in the
search trail data object, and the title is shown in the background of the searclsrail vi
ualization, similar to the SemanticClipboard prototype.

Additionally, a button is offered which toggleshowing the search trail data object to
the user. This button was used during the study to access the JSON search trail data o
jectwhenl asked the users to send me the JSON objectwiaieFigure68 shows the
settings of the first version of SearchTrails and an excerpt of the JSON visualization.

i 4 n . memmeeea caen b e mies At s eer g

)port+iool&og=scrum+support+iool&ags=chrome..69i57.3791j0j7 &sourceid=chrome&es_sm=93&ie=UTF-8","visits":
wrkets/bitcoin-data"{"faviconUrl":"https:if quandl.com/favicon.ico®,"highlights":[],"nostname":"www_quandl.com","keywords":
in"."value neutral”."data"."auandI"."charts"."orices". "status""complete"."succ"["hito//iwww.auandl.com/data/BCHAIN/ET RAV-Bitcoin-

U Y

Username  User_3 Crypto currencies Save settings ~ Show JSON

Figure 68: Possible settings in the first version of SearchTrails.

Showing the highlights

This button toggles the display of the table of highlights as an overlay to the search
trail visualization.Figure 69 shows an example highlight overview. Every welgga
where highlights are taken fromdssplayed in its own table row.[thighlights from

the same pagare displayed as a list. Each highlight may be deleted individually by the
user. The table furthermore displays the host where the web page stemaniddie;

tures a link to the source web page where the highlight stems from. In the example, two
web pages from the Wikipedia contribute highlights to the overview, with one of the
two pages contributing two highlights to the overview.

Your Highlights

Highlights Hostname

» Ransomware[edit] Another type of bitcoin-related malware is ransomware. (| X |) en.wikipedia.org

= Use in retail transactions[edit] Due to the design of bitcoin, all retail figures are only estimates. (| X |)

Source: Bitcoin - Wikipedia, the free encyclopedia

« List of cryptocurrencies (| X |) en.wikipedia.org
Source: List of cryptocurrencies - Wikipedia, the free encyclopedia

« DESCRIPTION Total number of unigue bitcoin transactions per day. (| X |) www_quandl.com

Source: Bitcoin Number of Transactions (BCHAIN) - Data and Charts from Quand|

Figure 69: Highlight overview in the first version of SearchTrails.



1 Help
The help button toggles the display of a small help page, containing the most important
information on the states of SearchTrails, the search trail visualization, the keywords,
the clustersthe interaction options, and the settiiggure70).

Help and Instructions
Welcome to the SearchLogger!

Ifyou are here, you might probably need some help.
First, the different features may be explained:
s The logging itself: Your search behaviour is logged and visualized to form force-directed graph
* The SearchLogger icon: If itis green, the logger is Up&Running, you can pause the logger by clicking on the Icon and following the instructions. The icon will then turn its calor
to red. A click on the red Icon will re-start the logger and switch the icon to green again
* The boxes: When hovering over a node, a box appears that shows the pages keywords and its highlights (if you set some)
s The highlights: You can selectimportant texts on web pages by highlighting them_ Tapping the CTRL key stores the highlights in the search graph
* The settings: Please enter your username and a title for your search there.

s The clusters: Some nodes in the graph are wrapped by a colored hull.
This is because all the pages in the hull belong to the same host. Double clicking the coloured hull around the nodes makes all the nedes in the hull disappear and replaces

them by a new cluster-node.
This way, you can close irrelevant clusters and concentrate on the impartant wep pages you have seen

s The keyword table: This table contains an ordered list of the keywords that appear on at least two pages of your browsing session. Click on a keyword to see which the nodes
in the graph contain this keyword

s The search suggestions: Use the keyword table to mark any combination of keywords and click on 'Search’ to start a google search for these keywords.

After your search session, you should end the SearchLogger by clicking on the green icon again and follow the instructions

Figure 70: Help screen in the first version of SearchTrails.

This firg version of SearchTrails wasill named SearchLogger, and wased during the
first qualitative evaluation of SearchTrailsdescribe e results of this evaluation in Chapter
5.1 The feedback collected during this evaluation was used to substantially improvi-Searc
Trails for the second version.

4.3.4Second evaluated version of SearchTrails

After the first evaluation, | evaluated the feedback gathered to improvehSeaits and
develop new features. Even if the basic functionality stayed the same, | implemented several
improvements with respect to the user experience. Most important, | removed the settings bar at
the bottom of the page and split up the SearchTraits interface into six distinct pages:
Homdj 6rour highlight®y &how JSON &Continue a search tréiliSettingg anddelpd Fi-
gure71shows the home screen of SearchTrails with a search trail from the second evaluation on
t he t opriicnt6i3nbg 6 .

The following sections each describe one of the six distinct pages of SealichTr
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Home screen

The 6Homebdé screen is the main visualization
earlier version of SearchTrails. Some improvements have been developed compared to the first
version:

1 The layout has been changed slightly: Thie titf the search is no more displayed in
the background of the visualization. It is now displayed on top of the keyword table in
the right column. It is visible together with the user name and the request to not close
the tab. This request is necessarytfa user study, as in this case the system process
SearchTrails runs in would be terminated and information could be lost.

9 Itis now possible to mark and delete nodes. Clicking a node marks the nodéby hig
lighting it orange. Only one node can be marked ime. When a node does not have
multiple in- and outgoing edges, it may be deleted from the search trail by pressing the
6Del etebd key. This change only affects th
trail data object.

1 Irrelevantnodescanbeanr ked by pressing the OMinusbé Kk
page. This marks the corresponding node in the search trail in the color pirik(cé
71). This way, thauser can easily detect nodes with valueless information.

1 The stop word list has been extended by several web search related entries, like
owwwbé, 6égoogled, or Oencyclopediad. These
keyword table.

SearchTrails Home Your Highlights Show JSON  Continue a SearchTrail

Do not close this tab!

Name: user_5
Title: 3D-Printing

This table presents the keywords which are
appear on at least 2 pages

Mark some keywords and click on 'Search'
6 Benefits of 3D Printing - HH Global to start a google-search for these

| Marketing Services - Print Management - Kkeywords

"| Decoupled Marketing Services

(D5 Benets o1 20 P - 14
o 20 PP

Search

Keywords

printing services marketing benefits global Keyword #
printing 16
ntire Body of Me automotive 7
printer 7
industry 6
search
i & Additve Manufac help
printed
users
car
turn
manufacturing
google 4

siratasys 4

Figure 71: Home screen of the final version of SearchTrails.
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Highlights overview

The highlights overview is contained in a new page reigure72). | implemented seve
al changes with respect to functionality and user experience. First, it is now possible to add
manual highlights per web page. It is therefore possibleanuallysummarizeor add tothe
highlights found during the search process anadntribute to the given overview. Furthe
more, highlights are now ordered by their time of creation. All highlights of the web page where
the most recent highlight has been created are shown on top of the list. This way, the most r
cent information canasily be accessed, and the highlight list is ordered from late to eatly fin
ings during the search process.

Your Highlights

Do not close

Your Highlights this tab!

This table shows the highlights you have set during the course of your search. You can delete highlights or manually create
new anes Name: user_5
Title: 3D-Printing

Highlights Hostname

= 1.For prototyping of parts. Car manufacturers and Tier 1 automotive suppliers use 3D printing to  www.inside3dp.com

print out the initial prototypes of things such as door handles, bits of the interior of the car. This
aids in engineers discussing the parts and sharing these with other teams and suppliers. Initially
this was only done for visual prototypes but more applications are being found.

Motorsport. Formula 1 makes extensive use of 3D printing for prototyping and also of parts in the
car such as gearboxes. Many other motor sports also use 3D printing for things such as exhaust
manifolds, spindles, camshafts, valves, ducts, air intakes, covers, dashboards efc.

This table presents the
keywords which are appear
on at least 2 pages.

Iark some keywords and
click on 'Search' to start a
google-search for these

« Local Motors & Urbee. Local Motors uses 3D printing extensively in its crowd designed car. The keywords
Urbee has a completely 3D printed body made by Stratasys. Indeed | believe that Stratasys is
working on a large scale high throughput 3D printing process for automobile parts. Search
Source: 7 3D Printing Innovations in the Automotive Industry | Inside3DP
Keyword i
= Urbee 2 is designed to be highly efficient and lightweight as well as reasonably cheap and simple  www.dailymail.co.uk _ N
to reproduce, although it will be a few years until it goes on sale. The teardrop shaped car's shell printing 15
and interior is made from 3D printed plastic parts, which is ideal for creating lightweight structures automotive 7
while its engine and chassis are metal. printer 7
Source: Meet Urbee, the 3D-printed CAR, whose makers claim is 'the greenest practical car ever , -
industry 6
made' | Daily Mail Online
search 5
« The 3D-printed car is made from ABS plastic that has been reinforced with carbon fiber. Material localmotors.com nelp s
for these experiments has been donated to Local Motors, Oak Ridge National Laboratory, and
Cincinnati Incorporated by SABIC. printed 5
« How long does it take to 3D print the Strati? The Strati takes 44 hours fo print. The goal for the car 5
next stage of research and development is to speed up the print rate while maintaining quality. We
intend to cut the print process to 24 hours turn 5
Source: Local Motors - 3d Printed Car off 5
manufacturing 5
stratasys 4

Figure 72: Highlight overview in the final version of SearchTrails.
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Show JSON

For technical purposes, the JSON sedrch a i | data object can be ¢
J SONG6 pHRoyre73)( Thi$ page displays the JSON as a plain text, but also contaits a bu
ton that automaticallydownloads the search trail data object as a-fsonl e t o t he Dbr o
download folder. The file name is created by appenttiegstringd Sear chTrai | 6 wi tt
and the time of the creation of the file. Thi
During the second user study, this page wdden from the participants

. Do not close this tab!
According JSON

he JSON that is behind the SearchTrail just for informative purpose). Click on the button to save this as a json-fie to your downloads-folder. This file can laler be imported an Name: cummy
Title: dummy

Figure 73. Show JSON viewin the final version of SearchTrails.
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Continue a search trail

In its first version, SearchTrails was not able to store and reload a search trail data object
and to recreate the according search trail from it. | implemented this for the second version, t
gether with the remote search trail storage function. A search trail can be retrieved in two ways:
by fetching it from the remote search trail storage server, or by loading the according 3SON o
ject from the hard disk. Both ways are supported by the degension of SearchTrails (dFi-
gure74). In the Figure, one example ID is entered into the input field, which is retrieved from
the search trail storage server.éekttatively, a file selector is offered which allows selecting the
according JSON on the userds hard drive. The sel
the search trail is recreated.

Continue a SearchTrail

Continue a SearchTrail

If you have received an ID of a SearchTrail stored online or if you have stored a .json-file locally, you can import them here to recreate a SearchTrail.

Enter your SearchTrail ID here to continue a search...

ut2b4am1p9tskqntbfv0d 1441285 get searchTraill

...or select a JSON SearchTrail file here to load a search session and continue.

Datei auswahlen |J52.json

{"nodes™{ C:/Usersicnena1991/Downloads/Report_for_Phase_2_3D_Printing.par”
{"url""file/f/C/Usersfcneha1991/
["nttp:#/mail.google.com/mail
[1422310649462],"hostname!
aachen.de/vpnonline/

D
status":"complete'},"hitp//videoag.fsmpi_rwith-aachen de/vpnonline/1
Cg-140107-720p.mp4","tabld":32 "title":"https://videoag.fsmpi.rw
[1."lastHighlightSet" cc™[]."visits"[14223106539089]."hostname":"vi
aachen.de/favicon.ico' waords"[[}."httpz//mail.google.com/mailiu.
google de/?gfe_rd=cr&ei=Jh3GVMEIIKVIBWIN_YCgl

-Cg/13ws-cg-140107-720p.mp4"-{"url""hitp-/fvideoag.fsmpi.rwth-
-aachen.de/vpnonline/13 / -cg-140107-720p.mp4"."highlights”
0ag.fsmpi.rwth-aachen_de","status""complete"." tps:fivideoag fsmpi.rwth-
//mail.google.com/mail/u/0/","tabld":2."title":"Gmail","highlights":[]."lastHighlightSet":"™","succ":
;_rd=ss"],"visits"

‘faviconUrl":"hitps://ssl.gstatic.com/uifv1ficons/mailimages/favicon5.ico"},"hitp: .google.de/?

w.google de/?gfe_rd=cr&ei=Jb3GVMBIJKV]BWIN_YCgDWagws_rd=ssl","tabld"80, "titie" "Google” "highlights"
[1."lastHighlightSet":"" "succ"["hitp-/faccounts.youtube com/accounts/Logout2?
hi=en&ilo=1&ils=s.youtube%2Cls0%2Cmail%2 Csierra%z2 Cwritely%2Cs. DE%2Cs.IN&ilc=0&continue=https %3A%2F %2Fwww.google.de%2F %3F gie_rd%3Dcr%26ei%3DJb3GVMEIJKy
JBWIN_YCgDw%26gws_rd%3Dssl&zx=1951034876" "file///C:/Users/cnehal991/Downloads/Report_for_Phase_2_3D_Printing_pdf],"visits"

[1422310692989]."hostname™:" google.de"."status""complete”."faviconUrl":"hitp /w.google.deffavicon.ico'},"hitp://accounts.youtube.com/accounts/Logout2?
hi=en&ilo=1&ils=s youtube%2Cls0%2Cmail%2Csierra%2Cwritely%2Cs DE%2Cs. IN&ilc=D&continue=https%3A%2F %2 google de%2F%3Fgfe_rd%3Dcr%26ei%30DJb3GVIMEIJKY
| 26gws_rd%3Dss|8zx=1951034876"{"url""hitp_//accounts.youtube.com/accounts/Logout2?
hi=en&ilo=1&ils=5 youtube%2CIs0%2Cmail%2Csierra%%2 Cwritely%2Cs DE%2Cs.IN&ilc=0&continue=nhttps %3A%2F %2
jBWiN_YCgDw%26gws_rd%3Dssl&zx=1951034876" "tabld"-80,"title":"Google Accounts","highlights™[],"lastHighlightSet'
gfe_rd=cr&ei=Jb3GVIv
["accounts","sign"T}."hitp

google de%2F%3Fgre_rd%3Dcr%26ei%30Jb3GVMEGIJKY
."succ":["hitp://
JKVJBWIN_YCgDw&Qws_rd=ssl"],"visits"[1422310695957], "hostname"-"accounts youtube.com®, "status""compl
google de/?gfe_rd=cr&ei=2L3GVIbrFaXjdweR_oDADwa&gws_rd=ssl"{"url""hiip:/ google de/?

Render graph!

Figure 74: Continue a search trail viewin the final version of SearchTrails.
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Settings

For the second version of SearchTrail s, | <
clear(Figure76). The page now displays the search tral
for the username and the title of the search. When this information is entered and confirmed by
pressingthed Save settingsd button, it is stored au
downloads folder. The text file contains the following informa(Bigure 75).

Your search for your username: "user_5" and with the title:
"3D - Printing" is stored with the SearchTrails ID:
9sfjlhxqv95abbgbxwmrd1422310649086

Figure 75: Search t r ai | dat a slocalhaddiskon t he wuser 6

Furthermore, thidext file contains the search trail ID to help the users remembering the
unique search trail ID for recovering and continuing their search processes. Upon saving the
settings, the username and the title of the search get displayed above the keyword table
(cf.Figure71).

Additionally, a check box is provided which allows starting and stopping the remote sto
age mechanism. For development purposes, not all trails nésddimred remotely, such that
this option helps preventing unnecessary operations. For the user study, this option wa&s not vi
ible and the remote storage was enabled by default.

SearchTrails ome Your Highlights ~ Show JSON Continue a SearchTra Settings  Helf

Settings

You can see the 1D of your SearchTrail here, you can set your username and title of your search and state if you want your
SearchTrail to be stored online.

Your Trail ID
9sfj1hxqv5abbgGxwmrd1422310649086

Send this 1D to a friend to get your SearchTrail from the server and continue working.

Username

user_5

Set the title of your search

3D-Printing

Store SearchTrail online
Check this box to store your SearchTrail onling.

Figure 76: Settings page in the final version oSearchTrails.
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Help

Compared to the first wversion, the OHel pbo
displays information on all functions and explains the color coding of all colored items of
SearchTrails. The page also explains how SearchTiailslé be used to prevent losing any
data(cf. Figure77).

Help and Instructions

Welcome to SearchTrails!

If you are here, you might probably need some help.

First, the different features may be explained:

Building the SearchTrail: Your search behaviour is evaluated and visualized to form a force-directed graph.

The SearchTrails icon: If it is green, SearchTrails is Up&Running, you can pause SearchTrails by clicking on the
SearchTrails icon and selecting 'Pause logger'. The icon will then turn its color to red. A click on the red Icon will re-start the
SearchTrails and switch the icon to green. again. If you select 'End logger', the icon will turn black and SearchTrails is
turned off.

The nodes: Each node represents a visited URL. If the node is blue, a highlight was set on that URL. If the node is
magenta, the page was not helpful (you can unmark by pressing minus again). If the node is ,itis marked and can
be unmarked by clicking it again. A marked node can be deleted by pressing the 'Delete’ key on your keyboard.

The boxes: When hovering over a node, a box appears that shows the pages URL as a clickable link, the pages' keywords
and its highlights (if you set some).

The highlights: You can select important texts on web pages by highlighting them. Tapping the ALT key stores the
highlights in the search graph and the node with that highlight will become blue. Similar, tapping the - [minus] key will turn
the node red, indicating that a node was not particularly helpful during your search.

The settings: Please enter your username and a title for your search there.

The clusters: Some nodes in the graph are wrapped by a colored hull.

This is because all the pages in the hull belong to the same host. Double clicking the coloured hull around the nodes makes
all the nodes in the hull disappear and replaces them by a new cluster-node.

This way, you can close irrelevant clusters and concentrate on the important wep pages you have seen.

The keyword table: This table contains an ordered list of the keywords that appear on at least three pages of your
browsing session. Click on a keyword to see which the nodes in the graph contain this keyword. These nodes will then turn
green.

The search suggestions: Use the keyword table to mark any combination of keywords by clicking them and click on
'Search' to start a google search for these keywords.

If the animation gets stuck: Press F5 to reload the animation.

After your search session, you should end SearchTrails by clicking on the green icon again and follow the instructions.

Figure 77: Help page in the final version of SearchTrails.

This subchapter presirthe paper prototypes and the three different versions of tfsearc

Trails.
during the development cycles, based on the technical introduction of the previous subchapters.

| present the chang@nd improvements of the technical scope thieduser interfaces

| first describe the prototype SemanticClipboard whichased on different technical foumd

tions than the later implementations of SearchTrails. | then describe the two different versions
of the SearchTrails browser extension, and its development fronepage user interface to

the final version.
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4.4 Conclusion and utlook

In this chapter, developthe technical backgrouraf SearchTrail@andexplainthe iterative
implementation process of SearchTraillbe final architecture of SearchTraitaplies seveal
implementation decision®r the structure othe SearchTrailsystem e.g.selecing the Google
Chrome browser to start franncorporating sveral frameworkss necessaryio achieve the
desired functionalityA number ofexternal frameworkare integatedfor establishing the fus
tionality of SearchTrailssuch as frameworks for forchrected visualization, keyword extra
tion, or URL analysis. fie search trail data object is generated during the search process and is
stored on a remote server Vige search trail storage mechanisndevelopedSearchTrailslur-
ing several design iterationsvhich converge towards the final functionalifijhe iterations
range fromearly paper prototypes first softwareprototype called SemanticClipboard, and two
versons of SearchTrails whidhevaluaten two user studies. Both user studies and their results
are described i€hapter 5

With regards to the research questions tinapter descrilseall the details of the Sedre
Trails system and as such ansswere s ear ch question RQ1.2 &6Which
need to offer to the users to support capturing both the context as well as key findings of a web
sear ¢ h? 64.3.3 &hbwens this research question for the first version of SearchTrails,
while Chapte.3.4answerstiis research question for the second evaluated version ofhSearc
Trails.
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Chapter 5
Evaluation

Chapter land Chapter 2motivate this thesis and present an overview of related work for
supporting discontumous, asynchronous, collaborative, complex searcBGhhapter 31 evaluate
the related work and develop a concept for the implementation of SearchTrails.

The ana}sis of the comparing tables from Chap&b.1.2and2.5.2.2in Chapter3.1.2
shows that the concept of SearchTrails is a new and unique combination of hppyaacnti-
ing both the logging and feedback for individual searches and the support for collaborative
search. There exist approaches for logging search sessions, which do not resesictinérails
to the user, and other approaches for supporting colsilie search, that do not build logg-du
ing the search process. Taking an enriched search trail as a basis for collaborative work has not
been done before.

Chapter 4describes the technical details of SearchTrails and the implementation process
that leads to the two final versions of SearchTrails. This chapter describes the evaluation of
SearchTrailsl performed two user studies, firgtguantitative study with participants, and a
qualitative study with 29 participantShe studieconfirm that the toolSearchTrailgprovidesa
novel way to support asynchronous individual and collaborative complex search.

The results of the user studies are most important favexitgy the research questions-d

veloped inChapter 1 The research questigmoupR Q1 O6Feasi bilityd is finall
evaluation of the results of the first, qualitative user study in Chégtet The research gse
tiongroupR Q2 ov¥&¥alis finally answered by evaituating tF

tative user study in ChaptBr2.5

As the concept of SearchTrails is nethjs impliesa lack of comparable systems andneo
plicates the evaluation ofe@rchTrails The evaluation of complex search systems is itself still a
research field. Early workshops on evaluating interactive information retrieval systems (ISSS)
have been conducted i9@4 (Belkin et al., 2004)Additionally, it has been shown that evdiua
ingsystersl i ke SearchTrails is compl exsthabcantsg eval uat i
port exploratory s e &oshrhan,i2®06, p.2lKoshmanl ptoposes alsetr st oo d 6
of five methodological factors that can be usedefiasuring thorouglevaluaton of exploratory
search visualization systems. These factors are:

1. Field and laboratory testing. | achieved this by a combination of the first and the se
onduser study, where the first user study was performed in-iklenvironment (i.e.
the participantés offices). The second stud:
worked on their tasks on their own computer without supervision.
2. Longitudinal testing. This was achieved bgequestingeach participant of the two
studiesto pefform multiple searches.
3. Investigator and userderived tasks The tasks were investigator derived, but the u
ers could choose tasks in the first study and concentrate on a spezafiof theirn-
terest during the second study.
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4. The use of standard metrics| used standard metrics during the analysis of boti stu
ies, such astatistical measures, measures of graph complexity, and standardrguestio
naires for evaluating user experience

5. Subjective satisfaction measuresThese were collected by the use of -siel§igned
guestionnaires, explicitly asking for e.g. the perceived complexity of tasks, the feeling
of support, or the impression of lightweightness.

To showthe benefit of Search@ils, | developed and performed two studies, which are d
scribed in the following subchapters. The first study was conductedthin/ participantsand
confirmsthe conceptual foundations of SearchTrails with expert users in a qualitative manner.
This stug could showthat the concept of capturing the course of a search by building search
trails is an effective way of supporting individual complex search.

After the first study, | improved SearchTrails with respect to the continuation of search
tasks and theupport for collaborative search. Based on the new versiofi designed a se
ond user study. This time, | performed the study Rfiparticipants, which allowed concluding
some significant quantitative results. The second study adds to the firsttstiityr¢veals that
the strengths of SearchTrails are also in the support for collaborative search processes.

The following sections describe eache-studyd
sign, the actual implementation of the design, and thétsesith respect to the research sue
tions of the study.

5.1 First SearchTrailsiser study

After the first implementation phase, | tested the developed version of SearchTrails with
expert users in a first studyith 7 participants At that time, SearchTrailwas able to capture
the searchtrail of an individual complex search, its keywords and -dedined highlights, as
well as clustering nodes according to the hosts they come Remote storagandthe recre-
tion of search trailsverenot possible with théirst evaluated version of SearchTrail$e full
scope of functions of the first version of SearchTrails is described in CHapigr

In the next section, describe e hypotheses to lmnfirmed during the first studyon-
firming these hypotheses helpeswering the main research questiongrolpR Q1 o6 H-easi bi
i t yraythesisin Chaptes.1.4

5.1.1Hypotheses for the first SearchTrails user study

The first study was intended to show in a qualitative way that the concept of SearchTrails is
a promising approach to keep an overview of personal search results, as wall/akveay for
capturing important search results. Adding to that, the-areated search trails seemed to be

Wh e n | iwthd congext 6f thi chapter, the respective actions have been performed exclusively
by me. The mentioning of &6wed means that the respe
guidance of Wolfgang Prinz or Ulrich Norbisrath.
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able to provide a fast overview of the userso6 ir
envisioned results #l to the first set of founypotheses for the first study.

1 H1.17 The support of complex search tasks by standard search engines is insufficient.
1 H1.27 Creating a search trail is a reasonable way for providing tool supportrfer co
plex search tasks.
1 HL1.37 SearchTrails is aaffective tool for captring important search results.
1 H1.47 The search trails are an effective approach for an evaluator to assess and eval
ate the searchersé interactions with the | nt:

H1.1 confirms that the problem SearchTrails is going to soletually exists and that
SearchTrails therefore has a potential academic impact. dhbv@sthat the approach of bd
ing asearchtrail can be a key for providing support during individual complex search tasks.
H1.3 confirmsthat SearchTrails can have anpiact on synthesis and therefore helps the users
to perform complex search tasks. H&hbwsthat the search trails are also valuable artffmt
evaluators evaluatingt her wuser s search results

5.1.2Conceptual study design

For testing the aforementioneddotheses, a study was designed that confronted a limited
set of expert users with complex search tasks on topics they were unfamiliar with. The partic
pants should make use of SearchTrails and report about their experiences with it.

For the study, four seeh tasks were designeaf,which three should be performed by each
participant. The tasks were intended to be complex, with a varying degree of necessary learning
during tre complex searches. The tasks as follows:

1. 6Beet hoveno
Try to find 9 fims,us i ng B e étsymphory md a scove. Which part of this
symphony is normally used as a score and what does it sound like?

2. 6Cryptobd
Crypto currencies: What are they, what is their current status, how do you obtain them?

3. 6Videob
What is the statef-the-art for videoglasses, and how would it be possible to build
some on your own?

4. 6 Ado
Check on the manifold of German (or other countries) classifibubrtals if there is a
recent sale of a glassed frame in DIN AO format, which you could bring home som
how. How much would it cost?

The first of the search tasks iquéecBmgatdaovend) i s
quainted with SearchTrails. It can be solved with limited effort. The easiest way to solve this
task is finding the Wikipedia entry fomat musical piece. It contains a list of films in which this
piece is used as a score, and a visit to Youtube easily provides the user with listening examples.
The 6Cryptod and O6Videod Search tasks were desig
they require considerable |l earning efforts to s«
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search task. After finding out which product
many portals as possible and to always collect the sameiation, namely the availability and
the price of the desired good. This task i
as the actual search is more repetitive in nature.

nvo

Thetask 6 Cr ypt od, Oor¥designad do fulfilbseveédesirable éharacteristics
for complex search tasks to be used in evaluations with bgdkules & Capra, 2008, 2009)
Table17 shows an overview of the seven characteristics and how the search tasks fulfill them.

Table 17: Search task characteristics and the search taskd the first SearchTrails user study

# | Characteristic

(Kules & Capra, 2008, 2009)

Fulfillment of the characteristics by the
developed complex search tasks

0Cryptod, 6Videod, a

6l ndicate uncernt a
formation need and / or need for digeo
ery. o

The tasks @ ambiguous in the information
need andequireinformation discovery.

k nowme

6Suggest
pari son,

di sco

The tasks e focused on knowledge acquisitig
and information discovery.

6Be an wu

searcher.

r
nfamiliar

o ™o o

The tasks are chosen such that they laakigh
probability of being new for the participants.

OProvide a |l ow | e
the information necessary and how to
find the required

The tasks i left very broad, such that a mult
tude of resourcesanibe chosen for ctdcting
information.

6Be a situation w
can relate to and in which they cannelg
tify themselves. d

The tasks i intentionally left very broad, suck
that the participantsamfollow their own inte-
est. Adding to that, the least intstiag search
task carbe dismissed.

The tasksre chosen from popular technical
domains, to be able to cover the interest of ag
many participants as possible.

6Be a situation t
topically interes

6Be a si pravides eénoughmit

aginative context in order for the test

persons to be able to relate and apply
situation. 0

The tasksre intentionallychosen in a way that
they canmatch the interest ehanyparticipants.

| performed he first user study in thregeps: In the first step, the users were personally i
troduced to get acquainted with the system. In the second and third step of the study, the partic
pants performed one complex search task with and another one without the help of SearchTrails.

For perfoming the study, | made appointments with all seven participants to ensure that

they had no time pressure. The studyrownook pl ¢
personal computet® ensure a familiar environment. During the study, | was eotigtavaia-

ble for questions or for providing help in case of problems. The study started with a sbhert intr
duction to SearchTrails and the first search

as it was intended to be a training task for théigipant to figure out the functioraf and inte-
action with SearchTrails. After the first taskielgistered thathe participants were acquainted
with SearchTrails. | left the room and the participants had as much time as necessaty to co
plete the remaing search tasks.
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Of the remaining three complex search tasks, the participants were asked to dismiss one to
ensure that the least liked task not retedbe worked on. This was done to ensure personal i
terest in the remaining tasks. The participantsgoeréd the remaining two tasks in the second
and third phase of the study. In the second phase, they performed the search task without using
SearchTrails, while in the third phase they performed the search task with the help bf Searc
Trails. Not using Seahdrails meant that the participants left the SearchTrails browser tab open
in the browser, but did not actively ugefeatures. As | could not control that the SearchTrails
tab was not looked at during the second phase of the study, | had to trust {hatticipants did
not use SearchTrails. Unlike the second study, | did not ask the participants to write a report or
to produce any other artifact, as the experiences with SearchTrails in comparison to unsupported
search were in the focus of this studi§ost of the participants took notes in one or the other
way, but the participantsé notes were not evalua

Before each search task, | asked the participants to estimate how difficult they expect the
task to be. After each search task, the participaliesl ut a small questionnaifef. Appendix
Al), asking them to judge answers to several questions goombLikert scale. The questie
naire included questions related to the necedsaming efforts during the search task, to-self
awarenessand the experiences with SearchTrails. The questionnaire after the last search task
was a bit more complex, as | included some general demographic questions and questions on
the general experieaavith SearchTrails during the study in the questionnaire. Additionally, all
participants filled out a User Experience Questionnaire (UEQ).

5.1.3Implementation of the study design

The first user study was conducted witparticipants, which worked as reseamsher s@-
ior researchers in the domains of information technology and computer linguistics, and included
three students which worked as research assistants. With each participant, an appointment was
made to ensure the participants were not under stresghiar reasons. At the start of each e
peri ment, SearchTrails was installed at the part
SearchTrails were explained to the participant as a hamdgtorial, based on a written geid
line. This guideline inlwded the explanation of the general idea of SearchTrails, the introdu
tion into the search tasks and the study, and the explanation of dibimsuch as the search
trail graph, keywords, or the interaction with the clusters.

The first Beeahowvends3k waéd done by all particip
participants and explaining where and when SearchTrails features could be used. The second
and third task were performed without supervision, but with me being available for questions. In
the end, no participant needed to make use of this opfainle 18 gives an overvievof each
part i ceéleptedopic®and the support of SearchTrails during treumation phases.
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Table 18 Overview of the tasks for each participant during the three phases of the study.

Phase | Participant 1 2 3 4 5 6 7
Tobic Beet Beet Beet Beet Beet Beet Beet
1 P hoven | hoven | hoven | hoven | hoven | hoven | hoven
SearchTrails Yes Yes Yes Yes Yes Yes Yes
support?
Topic Ad Video | Video | Crypto | Crypto | Crypto | Crypto
¢ | SearchTralls No No No No No No No
support?
Topic Crypto | Crypto | Crypto | Video Ad Ad Video
3 SearchTrails Yes Yes Yes Yes Yes Yes Yes
support?

The study took approximately 5 hours per participant, because every participant was
guided personally through the first task, and then needed cird@ B8tinutes for each complex
search task plus extra time for the questionnaires.

5.1.4Study results

As this evaluation was the first evaluation of SearchTrails, the study setting was mtentio
ally planned to take place in a smaller setting than the second study. The results are therefore
qualitative. Nevertheless, they already provide valuable insightshiatosed and desiredafe
tures of SearchTrails and their impact on individual complex search processes.

The demographics of the first study show that three students and four researchers partic
pated, ranging from junior to senior researchers. All partitgpased search engines (mostly
Google) to solve the complex search tasks in the study. We asked the participants to rate their

familiarity with the search topics on a scale
6Videod task, rhgeompbtuedoan2abefor the four p
t ask, I computed an average value of 2.00 for

task, | computed an average of 1.71 for the six performed searches. This shows that the partic

pants were generally not very familiar with the topics. It also indicates that the designed search
tasks were suited for my studgf(Table 17, search task charactstic no. 3). Another hintot

wards the complexity of the search tasks was given by a participant who stated'that s s ear c h
task was quite tedious, it required explorationdozens of wedites, changing search queries

several times, and subdividing quer, whiich implies that the search task characteristics 1, 2,

and 4 inTable17 are fulfilled.

For confirming hypothesis H1.1las ked the participantsd to a:
search engine support duringthe searchs ks ( 6 Di d t he search engine
you are searching?é&onafgThientguleisk e ohss walre, rrae¢ ac
al bé65t 6very good©éd, and the average value was
positive about the way search engines support the way they were looking for search results. The
participants liked the visualization of search results as Iésts 6Inigst s a)theeper f ect
sponse time of search enginés\(er vy f g,se¢archrterm subgessidd The suggest i
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comi ng up), orfnore techticallwpy8 of interaction with search engines, such as
phrases or specialdseséatohlitmrmsthe. geavnshtresul't

When it comes to complex search, the particip
free text question asked about the issues the participants do not like about search engines. In the
answers to this astion, the participants complain about the missing support during complex

search taskso(T her e i s), onid-fittimguseaoch resulls6(For compl er- sear ch t
swers not al ways c¢).oSomeaparticipapts gre distraetdd by eosuiadl t s 0
advertisements6(D o n 6 t I i k e:) ofhdry leyrtheilaske ah eomtexs during longer

searchesDon't under st an)Espebiahythellossmof centexdt duting ilonggrd

searches is mentioned:But when t he s e arotnultipledinks it beeomese x pl or at
di fficult to tr ac.eThidstatemeptastespecially remaokabte, as ie shaows h 6

that the participant perceives searching through the Web as a continuous trail with sile branc

es. These branches are hardxplere, as ordinary web browsers just provide support for going

back and forth, but not for the exploration of side tracks. Accordingly, these side tracks get lost

during search, even if users want to get back to them.

Taking these statementogether, péicipants seento be able to solve complex search
tasks with the help of standard search engines, using the limited capabilities of search engines in
an effective way for fulfilling their complex search tasks. Criticism towards search engines is
mostly basd on a lack of context and therefore on missing-timg support ding complex
searches. tonclude that at least for the study participants, there is a general problem with
search enginek not with the support fosimple searche$ but with the supparfor complex
search tasks. These results provide first hints which point towards missing support for complex
search tasks among our participants. Therefoypothesis H1.1 can be confirmedThe sy-
port of complex search tasks by standard search engimesuificient.

| asked the participants for their opinion on the value of the search trail visualization in the
form of freetext questions. The overall feedback was very positive. Participants liked the idea
b6Tool provides a gaodhviasddbal 1 e&ei oheofideheosese
zation & ' pat h }as wal agthe attdaleforchirattedegraphevisualization
(6See a d6new way enfi ssteoarryc hv)iBegidesli® cheaattmrasrddovel
way for visualizing a search, the search trail was also appreciated as a means for keeping track
of own search location®(Keepi ng track of visi tadd Vsiistueasl iazred st
the path especia)ly when stepping backé

Another important finding ishiat the participants found that the visualization can provide
ways to get back to formerly visited pagésThe hi ghl i ghting war hel pf ul
mati on and take not e)sandhow thisanay hdve gnoeffebtarcthé-eff o t h o s e ¢
ciencyof future search taské(Keeps track of selected informatio
effective search in future. This feature allows remember sources where main points were
f o u)nGth@r participants appreciated the value for of search trails for erraparch tasks in
contrast to simple searchtasks$ear chTrail s shows a nice visualiz
ing for a )complex topicbo

A

The participantsd statements show that for the
tion in form of a sealfttrail can offer several benefitkiring the search procesehese are the
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visualization as a search trail itself, but also an easy way to get back to previous search results,
benefits for more structured browsing, or possible help during future sedesieesif the nm-

ber of participants in the first user study was limited, these statements provide a stramg indic

tion thathypothesisH1.2 can be confirmed Creating a search trail is a reasonable way for
providing tool support for complex search tasksede results also help answering research
questionRQ1. 3 O6Does a system with the functions f
users duri ng c o mpflora @nhamed.4dpogitiielypr ocesses?0

| asked the participants to identify the particularly helpful features of SearchTrails during
the complex search tasks with the help of-ftiesd questions. This question aimed at assessing
the participantsd exper i enc rsarchiatkhandtiecampach Tr ai |
of SearchTrails on their search process. The
to several aspects of search support, namely the saving results for later reuse, the highlighting

function, the keyword extractip and the clustering.

With respect to the functions for storing search results, participants could agree that
SearchTrails was used for &écopying and storin
bUsing it [SearchTréandbsSl oansng nexe smakppegt s of
and pdfd o ¢ u meThis alrdady indicates that SearchTrails can replace traditional methods
for taking notes during complex search. A leegn effect was detected by one participant, who
used SearchTrailer6 s avi ng r e s ul Otlserpartcipants eotled see additionsl ese
cases for SearchTrailsforb o o k o r p a @reithebecxr ceeartpitoino no6f er ef er en
search papers. (or any papers)®6

The featire which the participants likaostis the highlight function. Comments on thisea
very posive ¢ The hi ghl i ght i ng )fThenhighlightsmre used a¥\keRfgr h el p
collecting resourcesd(Hi ghl i ght function hel ps ea$aser nav
for organizing hem 6 Vi sual i zation of vi sited pages. K e
souranagétHhi ghl i ghting search result s, t 3.dtgi ng, |
turns out that the highlights also seem to have a reminder function, thatgeetcipaits mov-
ing back to valuable resources and to go into new search directions from&hdre:g h | i ght i n
feature was very handy. Since the first link only contained 4 out of 9 films, | marked them as
preliminary search results and could locate [the] originals r ce .qui ckl y o

The overall opinion towards the keyword extraction was positvEk € y wor d p-i st wa
f u),laldhough there were some complaints about irrelevant keyworlsg(y wor d p-i st wa

ful, but c o nt ai)nRadcipantsiike b eddedrvdlue ef gdtting aa evérview

of relevant keywords(See most i mportant Banguwsethekeywards t h e
for generating new search queriés{ Fi ndi ngd new sear chandarer i es b
teresting topic. Acquired new knbve d g e , used sgparch by keywordsbo

Also the clusteringf graph nodes based on the webt e si§usdd togédt a better ave
view of seach results. Participants stateat they used the featurésc | ust eri ng pages
a n s wand asé the clustering for concentrating on more important resodréest addi t i on
clustering to clarify the gr apOnepatticiparacotlded t o
also see application of SearchTrails for sharing redwdtween collabotiag users6 Keepi ng
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list of references. Teaching / learning about some topic using visualization and highlighting.
Using and sharing search results for improving s

These comments on the most important functions of SearchTrails and their apptication
ing complex search tasks caonfirm hypothesis H1.3 SearchTrails is an effective tool for
capturing important search results. The main findings from hypothesis H1.1, H1.2, and H1.3
were compiled to a full paper otmpatt ewds cloard e adnic
The paper was accepted and presented at the &6Mert
nich (Franken & Norbisrath, 2014bYogether with the comparing tables in Cha@té:1.2and
2.5.2.2 the technical requirements from Cha@et and the implementation defairom Chap-
ter 4 these results positively answer research que
need to offer to the users to support capturing botledhéext as well as key findings of a web
search?96.

The search trails that were generated by the study participants during the search tasks were
stored on a remote server and evaluated afterwards. The search trails were technically stored as
JSONfiles, which were recreated lire improved version oBearchrails after the studyto
form forcedirected graphs again. During the evaluation, we found that the search trails do not
only offer benefits for the searcher, but also for experts evaluating the search trails. The visual
inspection of the recreated seatchils could both reveal the quantity and the quality of the
search results. The evaluation of keywords, highlights, and the-domsgted graph itselfm-
medi ately reveal t he scope ,andthetoheesd facats afthe i pant s 6
search. In contrast to traditional notes or bookmarks, the search trails also reveal evhich r
sources the searcher has visited, but did not find any relevant results.

After the study, all 21 search trails from the three search tasks for the seven pasticipant
were evaluated by me and Ulrich Norbisrath during a remote workshop session. As these trails
were split upon four topics, no statistically significant results could be gathered. The evaluation
of the search trails revealed which participant conductedceessful search with respect to
quantity and quality of the search results. As a
task can stand as examples for more or less intensive searfclégure 78 andFigure79).

What movies contain Beethoven'

Google

film beethoven 7th symphony sc
@ 7-_sinfonie’(BEethoven) - Wiki

wiki.answers.com/Q/What_movies

film beethoven 7th symphony -

Beethoven's 7th in Filis, |/ Ludwig van Beethoven - IMDb

Symphony No. 7 in A Major: All

Figure 78: Inefficient example of a search trail for the(Beethoved s ear.ch t ask
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Figure78 shows arnnefficientexampleof a search trail for the simpleteslu ppora-ed 6 Be

thovend search t as k. -sliaped apgraaehs stating fromaaiséarchspagew s
(her e Owdhindhg tlstdr, and checking the search resu
™symphonyd. The sear cher scdcrefines thaiqudryabp gpgen wi t h
ing the ter me searahoesuits)the Wikipedmgetoh the 7 symphony is e-

cessed and a list of the movies using the symphony as a score is highlighted. This seerch
cessful in fulfilling the minimal requéments set in the task description, but less efficient as the
searcher needed to make several appraachiind a satisfying resource and left Sautube

In contrast to this search, theore efficienttools upport ed O0Beet hHovend
gure79s hows a shorter but more thorough <dearch
lights reveals that an extensive list of films was found very early, but thehseaoes further
and listens into the specific piece on Youtube. The searcher has visited less pages compared to
other search trails, but has found a more thorough set of information on the given search task.
This search was successful and fulfilled eMpectations, but was done with a minimal effort,
indicating high efficiency of the user.

beethoven allegretto - YouTube

Beethoven, Symphony 7, Allegre

What movies.contain Beethoven'
Ludwig van Beethoven - IMDb

beethoven symphony 7 movie sco

beethoven symphony 7 - Google
§ymphony7'No. 7 (Beethoven) - W

Figure 79 Efficientexamp | e of a s e aBeethovetbseachtaskf or t he 6

Similar findings can be gathered for the complex search tR&ksre 80"° shows an exa-

a
It
t

ple of a successful search tr ai lpport dhepattih e 6 Cr vy

pant starts with a Googeear ch on O6crypto currenciesd (on

I

onitand reads through different Wi kipedira pages

ticipant then proceeds to more specifictopicssuch as OFirst steps wi
eral sites on them (as indicated by the cluster). The participant then goes back to Google, and
investigates the current status of crypto currencies. This search trail shows how the searcher gets
acquained with a topic, learns about it, and then moves on to new search terms to discover fa
ets of a topic that are individually interesting for the searcher.

t h

“The figureshowsaode with the title 60Oops! Google Chr ome

search trail. This is no sign of an error of SearchTrails, but of the user trying to access a site which is not
found by the browser. Therefore, Chrome returns a warninghangser return to the initial site, which is
depicted in this part of the search trail.
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List of all cryptocurrency exc

) Googl
Cryptocurrency - Wikipedfa,'thJOOg ©

Kryptawahrung — Wikipedia trypto currencies - Google-Suc

Fragen und Antworten *We Use -
"(‘)Flatgerd — Wikipedia

©@ops!'Google Chrome could not

Bitcoin — Wikipedia crypto currencies current stat

Erste Schritte mit Bitcoin - W
=& 2CIe Mit Bicoin The Current State of Cryptocur

Was ist Bitcoin? - We Use Coin cryptocurrencies current statu

The Current State of Cryptocur

This is what is wrong and why

Figure 80: Exampl e search trail for the unsupported O0Cry

Figure81 shows a search trefibr thetools u ppor t ed &t@sk. ylipistparticipasite ar ¢ h
starts with a Google search (to the right), and visits the Wikipediapages 6 Bi t copg-n6 and 06C
tocurrencyd first. The participant then returns
obtain crypto currenciesbo. From the new results
is repeated two more times. Severaldbhodes show that the participant has set highlights on
the respective pages, thus marking valuable information which can be assessed by the searcher
and the evaluator on the highlights overview page. This search turned out to be very successful
in termsof the number of visited pages and the found results.

Figure 80 and Figure 81 show a search trail for the teslupport ed O6Crypto Cur
search task. During the @&wation, we saw for the complex search tasks that the visually pe
ceived complgity of the search trails seemery similar, irdependent if the search taske a
performed with or without SearchTrails. Thearch trails for these taskeanuch more qo-
pex than the search trails for the simple O0Beet hc
of all search trails (in terms of the number of nodes, the number of different hosts, the number
of recorded eventandthe number okeywords) also retusithis result: The complex search
tasks result in much higher values than the si mg
supported and nesupported search tasks are similar in terms of statistical values, but for six of
seven participants, the staitsl values are slightly higher for the search trails of the supported
search task.
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Digitale Wahruna: Berlin is

— k. PR .
Cryptocurrency g itgineWikipedia, the free

Digitale W%?Frexuc_oin: Bitcoin-Handelsplatt
Flexcoin : Zweite Bitcoin-Bank:

crypto currencie Listof alterfiative cryptocurr

Digitale Wahrung:.Berlin istd
BitCoINS = Google-Suche
Nach Insolvenz von Mt.Gox: Bun

Google

how to obtain crypto currencie

cryptocurrencies - Google-Such

Bigging for cryptocurrency: Th

cryptocurrencies - Google-Such

) . how-to_obtain cryptocurrencies
The Lakota Nation Thinks Crypt

Bitcoin Alternatives Explained

Coin Market - Buy, Sell, and |
How To Buy Cryptocurrency - 1G

Figure 81: Example search trail for the toolsupported Crypto dsearch task.

Considering the s-task,ltcah betseemthileysarefmostly large e
terms of number of nodes, edges and clusters and score high in the mathematical measure of
complexity according t@Minoli, 1975) Table19 shows the average complexity for the four
different tasks. These results go along with the overall impression of the search trails.

Table 19: Overview of the averagecomplexities for the four different search tasks of the first user study.

An

Average complexity
Task n (rounded) log(Average complexity)
Beethoven 7 485 2.69
Video 4 1083959 6.04
Crypto 7 17577072 7.24
Ad 3 308761068 8.49

exampl e s e ar cthskis shawin ifFiglira82. frhe high camplekiy of

these trails could be due to the fact that these tasks are solved by repetiiv& ost of the

times the participantstart by searching for small ad portals, india¢ely access the GUI of

these portalsand start searching for the requested itefie participants thereforeften pe-

form similar searches in all visited portalEhis leadgo long loops within the clusters of the

6AdO

graph. These search trails seemnongvery fast, as the work requested from the participants is
mostly repetitive, and there is no learning necessary, as the goal of the search stays the same.
The size of the search trail therefore depends on the number of portals visited, and not on a
learning effect. None of the participants did investigate the transport possibilities foe-the r
guested item; this part would have involved more creative solutions and (maybe) learning. We

assume that the participants forgot about this part, or thought itlwettoo time intensive and

made the decision to skip it. Still, by inspection of the clusters and the highlights, evaluators can
easily judge the quality and the quantity of the performed search activity.
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Figure 82 Examplecompl e x s e ar c h Addsearchltaskf or t he 0

The study results for evaluating the search trails with respect to quantity and quality of
search results are very promising and canfirm hypothesis H1.4 The search trails are an
effective approach foraeval uat or to assess and evaluate the
Internet, which at the same time implies that the search trails are highly suitable for resembling
the course of a userd6s web search. Thandesle r esul t ¢
in for the 24th Annual International Conference on Computer Science and Engineerfag (CA
CON) in 2014. The paper got accepted and was presented in November, 2014 in Torento, Ca
ada(Franken & Norbisrath, 2014aYogether with the results on historical origins and recent
trends in search trails in Chaptd and2.7 and thetechnicalrequirements fronChapter3.2,
these results help answering research question |
resemble the course of a userods web search?56.

In addition to the questionnaire aiming at the functionality toedsupport for complex
search tasks, an evaluation with respect to the user experience was conducted. In order to
achieve thiswe usedthe User Experience Questionnaire (UEQaugwitz etal., 2008) The
UEQ is a standardized test for evaluating the user experience of interactive products. & was pr
sented to the participants after they performed all search tasks. The UEQ consists of 26 pairs of
contrasting attributes, each being sefmtdy a 7point Likert scale. An example for this is the
attribute pair oOinventive [ c cexpwesstheriopnioma | 0 . Part
towards each of the attribute pasorianeously
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