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$ EVWUDFW�

While certain aspects of collaborat ion already take place in current  usage of 
the World Wide Web, no dedicated and integrated system  exists to support  
this k ind of collaborat ion. I nstead, exist ing m eans of com m unicat ion are 
used, which is cum bersom e in m any cases. The present  work is an at tem pt  
to develop an integrated approach to collaborat ive Web usage. The 
theoret ical backgrounds for  such an approach are laid out  by the 
term inology and a survey of exist ing work. Relevant  concepts are int roduced 
and an architecture is selected from  a variety of opt ions. The feature set  for 
a prototype is defined and that  prototype -  called team Xweb is 
im plem ented. An experim ent  conducted with that  prototype is described as 
well as a follow-up user survey. Finally, future direct ions for the approach 
are discussed. 

. H\ Z RUGV�

bookm arks, categorizat ion, collaborat ion, com m unicat ion, com m unit ies, inform at ion 
sharing, m eta-browser, session history, team Xweb, navigat ion behavior,  Web usage 
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� � , QWURGXFWLRQ�

The World Wide Web is a r ich and com plex space for ret r ieving all k inds of inform at ion 
in academ ic and com m ercial contexts. Many people are already collaborat ing in the 
effort  to use this m edium  eff icient ly , but  doing so without  dedicated technical support . 
I nstead, people are sending 8 5 , >8 QLIRUP � 5HVRXUFH� / RFDWRU@s point ing to docum ents 
they f ind interest ing v ia eMail, with annotat ions that  are lost  when the eMail is deleted. 
Bookm ark collect ions are m anually  converted to Web pages and uploaded to the Web -
but  peers m ust  st ill be inform ed about  the locat ion of such pages and m aintaining 
them  is cum bersom e. Som e Web pages offer guestbooks, that  are then used by an 
em erging com m unity of people interested in the contents of such pages -  but  they all 
have different  user interfaces.  

The present  diplom a thesis is an at tem pt  to develop an integrated approach to 
collaborat ive Web usage -  support ing these form s of collaborat ion with a software 
system  that  integrates features exist ing dist r ibuted am ong various applicat ions into a 
consistent  concept .  

To this end, first , a term inology is laid out , defining the term s relevant  to the subject  
m at ter. Then, a var iety of exist ing approaches in var ious disciplines is surveyed and 
their  relevance disussed. These two sect ions have been included from  previous work 
(>: DJQHU� � � � @)  with m inor sty list ic im provem ents. They provide the fundam ent  for 
the following chapters.  

I n the first  chapter, the concepts relevant  to an integrated approach to collaborat ive 
Web usage are int roduced:  collaborat ion, com m unit ies, Web navigat ion, 
com m unicat ion, categorizat ion and pr ivacy and security  issues. 3ULYDF\ � DQG� VHFXULW\ �
LVVXHV is a som ewhat  m odif ied version of a sim ilar chapter in >: DJQHU� � � � @ and 
included here for com pleteness. I n the following chapter, t he first  step towards an 
im plem entat ion of these concepts is taken with the discussion of var ious opt ions for an 
architecture for such a system .  

With the selected architecture, a set  of features is possible, and m any of these features 
have been chosen to be im plem ented in a prototype, called WHDP ; Z HE. These features 
are discussed and the feature set  is com pared to exist ing Web browsers. The prototype 
has been im plem ented with the given architecture and the discussed features. While in 
>: DJQHU� � � � @, the features were st ill of a theoret ical nature, a sim ilar text  has been 
used for the present  work -  but  describing an actual system , which is illust rated by 
screenshots and a m ore detailed descr ipt ion.  

The prototype is then used for conduct ing an experim ent ,  which is desribed in the 
following chapter. Finally,  the whole work, including the results of the experim ent  are 
discussed and an out look for the future is given.  
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� � � �7HUP LQRORJ \ �

An effort  t o clar ify the term inology for the broad area of the World-Wide Web has been 
sum m arized in >: � &: &$@. The following term s defined there m ay be relevant  to the 
present  work:   

� UHVRXUFH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 5 HVRXUFH@  
� OLQN >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � / LQN@  
� DQFKRU >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � $QFKRU@  
� FOLHQW >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � &OLHQW@  
� VHUYHU >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 6HUYHU@  
� SUR[ \  >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 3UR[ \ @  
� XVHU >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 8 VHU@  
� SXEOLVKHU >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 3XEOLVKHU@  
� : HE�FRUH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � &RUH@  
� : HE�UHVRXUFH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 5 HVRXUFH� @  
� : HE�FOLHQW >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � &OLHQW� @  
� XVHU�VHVVLRQ >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 8 VHU� @  
� HSLVRGH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � ( SLVRGH@  
� VHUYHU�VHVVLRQ >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 6HUYHU� @  
� FRRNLH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � &RRNLH@  
� : HE�SDJH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � SDJH@  
� SDJH�YLHZ  >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 3DJH@  
� KRVW�SDJH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � + RP H@  
� : HE�VLWH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � VLWH@  
� LQGHSHQGHQW�: HE�SDJH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � , QGHSHQGHQ@  
� : HE�VLWH�SXEOLVKHU >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � VLWH� @  
� VXEVLWH >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � 6XEVLWH@  
� : HE�FROOHFWLRQ >KWWS� � � Z Z Z �Z � �RUJ � � � � � � � � � : &$ � WHUP V� � &ROOHFWLRQ@ 

I n the present  work, a : HE� XVHU� FRP P XQLW\  is defined as a group of Web users that  
either have "som ething"  in com m on or explicitely are m em bers of a part icular group. A 
m ore in-depth discussion of this term  is subject  of chapter � � � .  Note that  in the related 
work int roduced in chapter � � � � � ,  a Web Com m unity is defined as a set  of related : HE�
SDJHs and has no direct  relat ion to the users who view those pages. I n the present  
work, the term  : HE�FRQWHQW�FRP P XQLW\  is used for the lat ter type of Web com m unit ies 
to draw a clear line between the social user com m unit ies and the m ore technical view 
on com m unit ies result ing from  considering Web pages.  

1 DYLJDWLRQ� EHKDYLRU is how part icular users or  a group of users navigate through the 
Web. 1 DYLJDWLRQ�EHKDYLRU is an artefact  of individuals' or com m unit ies' : HE�XVDJH over 
t im e. Two studies that  t ry to analyze indiv idual user 's navigat ion behavior are 
int roduced in chapter � � � � � .  Navigat ion behavior is discussed m ore in detail in chapter 
� � � .  A basic concept  of QDYLJDWLRQ�EHKDYLRU can also be found in chapter � � � ,  where the 
term s QDYLJDWLRQ�HYHQWV and EURZ VLQJ�VWDWH are defined.  

>. OHLQEHUJ� � @ defines : HE� JUDSK as the directed graph consist ing of Web pages 
(nodes)  and OLQNs between them  (directed edges) . The : HE� JUDSK can also be seen as 
som e sort  of space populated by users, which m ay be a useful m etaphor to support  
collaborat ive browsing.  

The t raversal of this graph perform ed by users is generally called EURZ VLQJ . I n the 
present  work, while users are browsing the Web, they leave behind LQGLYLGXDO� WUDLOV
that  can be accum ulated "globally"  or for a specif ic group of users to � FRP P XQLW\ � �
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SDWKV. Note that  LQGLYLGXDO� WUDLOV and � FRP P XQLW\ � � SDWKV can be represented as 
subgraphs of the : HE� JUDSK, but  other representat ions (H�J �>H[ HP SOL� JUDWLD@, 
sequences)  are also possible.  

>&KHXQJ@ defines a : HE� WRRO as a software tool that  helps users to ret r ieve, locate and 
m anage Web docum ents. They classify  Web Tools into f ive levels:   

������� �	��
������� ������� ��� ������� ��������� ���!�"���"� �#���$����%'&(�*)���+���,.-  

The object ive of the present  work is lay ing out  the foundat ion for a FROODERUDWLYH� : HE�
WRRO, which is at  least  a OHYHO� � � : HE� WRRO that  addit ionally  supports the collaborat ion 
between its users. Note that  m ost  of t he exam ples given in chapter � � � � �  are in som e 
ways collaborat ive as they use m atching of different  user 's profiles for their  
recom m endat ions. The dist inct ion between such recom m ender system s and 
FROODERUDWLYH� : HE� WRROV is that  the form er use collaborat ion im plicitely without  
necessarily  let t ing the user even not ice it .  The lat ter,  however, should provide m eans 
for users with sim ilar interests to explicitely collaborate. For exam ple, by sharing the 
inform at ion they f ind on a part icular search task or m aking annotat ions to a part icular 
docum ent  available to others.  

I n the features of the prototype discussed in chapter � , the at tem pt  to infer the user 's 
profile is not  m ade -  instead the system  only t racks the user behavior and he m ust  
explicitely m ark his interests by bookm arking pages. While the concepts are quite 

/ HYHO� � � : HE�WRRO A software system  that  “ ret r ieves docum ents for a user under st raight  
orders.”  (>&KHXQJ@) :  the user m ust  give the docum ent©s URI  to the 
browser so that  it  can ret r ieve the docum ent . I t©s not  perfect ly  clear from  
the source, whether or not  following links is a OHYHO� � � : HE� WRRO capability  -  
but  that  is assum ed for the present  context . The com m on term  for OHYHO� � �
: HE� WRROs is : HE� EURZ VHU. Note however, that  m ost  current ly available 
: HE� EURZ VHUs extend the behavior where the user has to inst ruct  the tool 
where and how to find the docum ents at  least  by history and bookm ark 
m echanism s. 

/ HYHO� � � : HE�WRRO These tools provide “a user- init iated searching facilit y for  finding relevant  
Web pages”  (>&KHXQJ@) .  The m ost  com m on exam ple are I nternet  search 
engines. Current  : HE� EURZ VHUs often integrate search engines into their 
interface. 

/ HYHO� � � : HE�WRRO Software system s that  “m aintain user profiles and have an act ive 
com ponent  for  not ifying users whenever new relevant  inform at ion is 
found”  (>&KHXQJ@)  belong into this class of Web tools. The user profiles in 
this class of Web tools are usually stat ic:  the user enters his interests and 
the system  looks for  inform at ion m atching those interests. 

/ HYHO� � � : HE�WRRO A m ore dynam ic and deduct ive approach qualifies a OHYHO� � � : HE�WRRO. While 
for  a OHYHO� � � : HE�WRRO the user needs to be aware of his interests and m ust  
be capable of expressing them  to the tool, OHYHO� � � : HE� WRROs at tem pt  to 
infer  the user profile by analyzing the user©s behavior.  This becom es 
part icularly  im portant  as hum ans are not  used to, and usually not  capable 
of form alizing their browsing behavior or  inform at ion needs because this is 
not  needed in m ost  every day situat ions (>&KDOP HUV� � @) .  An overview of 
som e of the system s and their  theoret ical backgrounds is given in chapter 
� � � � � .  

/ HYHO� � � : HE�WRRO A OHYHO� � � : HE� WRRO should have “ the capabilit y of learning the behavior of 
both inform at ion users and inform at ion sources”  (>&KHXQJ@) .  Designing 
the architecture for such a tool is the object ive of >&KHXQJ@.  
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interest ing to discuss, the actual im plem entat ion is beyond the scope of the present  
work. However, a design goal of the prototype is easy extensibilit y with features like 
this and subsequent  work m ay integrate the im plem entat ion of OHYHO� � � : HE� WRRO
features.  

>7Z LGDOH@ int roduces a few interest ing term s concerning (collaborat ive)  browsing 
behavior:   

Tact ics for searching inform at ion include FRQVXOWLQJ , which is described as asking a 
colleague for  help but  m ay also be used when st rangers are asked for assistance. This 
has the advantage that  the references are already filtered according to the taste of t he 
consulted person. To ELEEOH, is to use other searchers results,  for exam ple, published in 
the form  of a bibliography for one's own search. However,  

ªThe results of m ost  searches are not  published as bibliographies but  are 
pr ivate, local and tem porary and consequent ly,  from  the perpect ive of 
future users, the inform at ion is lost . This m eans that  the great  m ajor ity  of 
searches that  are conducted fail to ELEEOH properly;  they fail to take 
advantage of previous results because there is no m echanism  to support  the 
sharing of this inform at ion.º (>7Z LGDOH@)  

I n an inform al study conducted at  the Lancaster  University Library ( referred to by 
>7Z LGDOH@) the following collaborat ive interact ions have been observed (which are 
considered relevant  to Web searching) :  -RLQW� VHDUFK�  sm all (2-4)  groups of students 
working on a single term inal, involving frequent  point ing at  the term inal screen. 
&RRUGLQDWHG� VHDUFK�  a group where each part icipant  works on his own term inal, 
som et im es com pet ing to find the inform at ion and som et im es cluster ing around 
term inals like in MRLQW� VHDUFKHV. &KDQFH� FRQWDFW occurs when people happen to use the 
sam e resource and thus get  in contact .   

ª* URXS� VHDUFKLQJ takes place when two or m ore people share a com m on 
aim , and choose to coordinate their  searching effor ts.º  (>7Z LGDOH@)  

' LIIHUHQWLDWHG� JURXS� VHDUFKLQJ  expresses that  the group m em bers work in the sam e 
area, but  their  specific searching aim s are different .   

6HUHQGLSLWRXV�DOWUXLVP  is used to describe the fact  that   

ªcolleagues in a com m unity m ay be willing to help each other©s inform at ion 
searching even if they are not  direct ly involved in the project .º  (>7Z LGDOH@)  

ªI f your colleagues know what  you are working on and happen by accident ,  
in the process of undertaking their  own searches, to com e across som ething 
that  m ay be of interest ,  they m ay alt ruist ically  pass the inform at ion to 
you.º (>7Z LGDOH@)  

As the cost  for such help m ust  be m inim al for the help to be given, a tool for 
collaborat ive searching should support  VHUHQGLSLWRXV�DOWUXLVP  sufficient ly.  

I n >7Z LGDOH@, a dist inct ion is m ade between SURGXFW� UHODWHG and SURJUHVV� UHODWHG
inform at ion exchange between people. I n SURGXFW� UHODWHG� LQIRUP DWLRQ� H[ FKDQJH, the 
search results are discussed, while SURJUHVV� UHODWHG� LQIRUP DWLRQ� H[ FKDQJH deals with 
the process of searching (e.g.,  how to find certain t ypes of inform at ion) .   
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� � � � ( [ LVWLQJ �$ SSURDFKHV� �: HE�$ QDO\ VLV�DQG�%URZ VLQJ �
+ HOSHU�6 \ VWHP V�

There is a large body of literature that  deals with different  aspects of t he Web which 
are relevant  to the present  work. The following sect ions are an at tem pt  to classify that  
literature and provide the background to this project .  

� � � � � �$ QDO\ VLV�RI �%URZ VLQJ �%HKDYLRU�

I n this sect ion, som e approaches of t racking and analyzing the navigat ion behavior of 
Web users are int roduced and their  results out lined. While chapter � � � � �  presents 
approaches that  analyze server logfiles, this sect ion is dedicated to client -side t racking 
of Web usage and the analysis of the collected data. The t it le $QDO\ VLV� RI� %URZ VLQJ�
%HKDYLRU m ay seem  applicable to both client -  and server-side based approaches. 
However, server-side based approaches have several lim itat ions so that  the general 
term  EURZ VLQJ� EHKDYLRU is reserved for client -side t racking in the present  work, while 
: HE�XVDJH�P LQLQJ  as a m ore special term  is used for server-side t racking. The body of 
exist ing work int roduced in this sect ion is very sm all com pared to the large field of 
: HE� XVDJH� P LQLQJ  -  in fact , only two studies have been found that  analyze and 
elaborate upon the data collected on the navigat ion behavior by t racking users at  t he 
clients.  

However, there has been research on user st rategies and usabilit y of closed 
hyperm edia system s preceding the : : : >: RUOG�: LGH� : HE@, which is beyond the scope 
of the current  work, but  provided a basis for >&DWOHGJH@. I n their  work, a m odified 
version of 1 &6$>1 DWLRQDO� &HQWHU� IRU� 6XSHUFRP SXWLQJ� $SSOLFDWLRQV@'s XMosaic Web 
browser is used to capture all user interface level events of 107 users in an experim ent  
last ing three weeks. While there are m any other types of user events also included in 
the study (som e specif ic to XMosaic, e.g., 5HORDG� &RQILJXUDWLRQ� ) LOHV, or ' HOD\ � , P DJH�
/ RDGLQJ� 2 Q� 2 II) ,  the m ost  im portant  navigat ion- related user events are IROORZ LQJ� D�
K\ SHUOLQN� � � � � �  and the EDFN� FRP P DQG� � � � � � .  Much less often used are RSHQLQJ� D�
P DQXDOO\ � HQWHUHG� 8 5 , , XVLQJ � WKH� KRWOLVW ( KRWOLVW is XMosaic's nam e for bookm arks)  and 
the IRUZ DUG� FRP P DQG� � � � � HDFK� . 2 SHQLQJ� ORFDO� ILOHV� � � � � � � ,  JRLQJ � WR� WKH� KRP H�
GRFXP HQW� � � � � � �  and XVLQJ � WKH� KLVWRU\ � OLVW� � � � � � �  are found to be the least  used 
features. One possible explanat ion given for  the m inim al usage of history and 
bookm arks is the design of the interfaces to these funct ions.  

While XMosaic does provide a bookm ark feature in it s interface, m any users tended to 
also use ªhom e pages as indexes to interest ing placesº (>&DWOHGJH@), which provide a 
sim ilar funct ionality as bookm arks but  bet ter layout  cont rol and custom izat ion.  

A finding on a m ore abst ract  level is that  users tend to navigate within a sm all area of 
part icular sites, the LQGLYLGXDO� WUDLOV resem bling a spoke and hub st ructure (when using 
a graph st ructure where using the back com m and results in going back to the previous 
node instead of m oving to a new node within a sequence) .   

Direct ions for  the design of Web sites concluded from  the result s are that  the m ost  
im portant  inform at ion m ust  be accessible within two to three hyperlinks of the init ial 
hom e page. Different  types of users are ident ified ( "Serendipitous Browser" ,  "General 
Purpose Browser"  and "Searcher" , taken from  >&RYH@) and offer ing different  v iews of 
the pages for these different  types of users is suggested.  

An approach m ore focussed on users© revisitat ion pat terns and their  im plicat ions on the 
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design of revisitat ion tools in browsers has been taken by >7DXVFKHU@. The design of 
current  browsers' history m echanism s is explicitely cr it icized and an object ive of the 
work is to m ot ivate im proved inter face designs revisitat ion tools (within browsers or 
external,  see chapter � � � � �  for exam ples) .   

As in >&DWOHGJH@, a m odified version of XMosaic is used to t rack the usage data. I n fact , 
the m odificat ions of the earlier study are used as a basis for the lat ter one, but  a 
sm aller set  of act ions are captured. A dist inct ion is m ade between QDYLJDWLRQ and QRQ�
QDYLJDWLRQ� DFWLRQV, where hot list  m anagem ent  (add/ delete/ edit  hot list  ent ry)  belongs 
to the lat ter  category. There is only one act ion RSHQ� 8 5 ,  (m aking up 50%  of the 
act ions executed in the experim ents)  for the following m ethods of opening a new page:  

� Anchor:  using a hyperlink (82,7%  of RSHQ�8 5 , )   
� Keyboard:  typing a URI  into the URI  field (6,8%  of RSHQ�8 5 , )   
� Hot list :  select ing a page from  the hot list  (5,0%  of RSHQ�8 5 , )   
� Dialog:  using the Open URI  dialog (2,0%  of RSHQ�8 5 , )   
� History:  select ing a page from  the window history dialog (1,3%  of RSHQ�8 5 , )   
� Other:  less frequent  m ethods such as causing a page to display with an external 

applicat ion (2,2%  of RSHQ�8 5 , )  

Just  as in the previous study, the EDFN� FRP P DQG is used frequent ly (30% ) , and other 
act ions are used seldom  (e.g.,  KRP H� � � � � ,  IRUZ DUG� � � � � � � ,  QHZ � Z LQGRZ � � � � � � �  and 
RSHQ� ORFDO� � � � � � � ) .  I t  is not  clear, why KRP H, EDFN and IRUZ DUG are not  included in 
RSHQ� 8 5 , , as they all result  in displaying a new URI . Possibly,  this is done because the 
URI  is not  selected but  taken from  stored data the user can not  direct ly access, as in 
the other act ions subsum ed under RSHQ�8 5 , .  

A very interest ing finding of >7DXVFKHU@ is that  the sam e pages are revisited very often, 
with a UHFXUUHQFH� UDWH of 58% . The UHFXUUHQFH� UDWH is defined as ª the probabilit y that  
any URI  visited is a repeat  of a previous visit º  (>7DXVFKHU@). With the data of 
>&DWOHGJH@ that  has been reanalyzed in the study of >7DXVFKHU@, the rate was even 
higher at  61% . The conclusion from  that  fact  is that  browser interfaces should help 
users revisit ing pages -  a few approaches are int roduced in chapter � � � � � .   

Even though the recurrence rate is very high, m any pages are visited only once (60% ) 
or twice (19% ), and m any of the v isited pages are ent irely  new (40% ). Furtherm ore, 
while the m ajor cont r ibut ion to the high recurrence rate are the last  few pages visited 
(by using the back com m and) , 15%  of recurrences are not  within a list  of the last  10 
URI s visited.  

Finally, the lit t le acceptance of current  history facilit ies is explained with lim itat ions of 
the interfaces. I n part icular,  the effort  for  m anaging hot lists is considered a problem . 
Furtherm ore, histor ies are usually not  easy enough to access and should be integrated 
bet ter into the browser©s user interface.  

While studies analyzing browsing behavior as and end in it self are rare, the browsing 
behavior of users is used for exam ple in recom m ender system s as int roduced in 
chapter � � � � � .  As an exam ple, >* RHFNV@ has been chosen. The basic idea is that  a 
user©s interests m ay be deduced from  certain aspects of his browsing behavior, which 
allows agents giv ing the user recom m endat ions of potent ially interest ing pages based 
on his usage profile (see chapter � � � � �  for further  inform at ion on recom m ender 
system s) . An innovat ion of >* RHFNV@ is that  m ouse and scrolling act ivit y are added as 
param eters of t he user©s navigat ion behavior.  
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To obtain this inform at ion, an agent  using 0 LFURVRIW� , QWHUQHW� ( [ SORUHU� � � �  has been 
im plem ented. The agent  captures inform at ion like the QXP EHU� RI� K\ SHUOLQNV� FOLFNHG� RQ�
D�SDJH, the DP RXQW�RI�VFUROOLQJ�WKH�XVHU�SHUIRUP HG, and Z KHWKHU�WKH�XVHU�ERRNP DUNHG�
WKH� SDJH. No results com parable to those in the previously reviewed studies are 
available, as the object ive of the work was not  finding out  about  the navigat ion 
behavior,  but  using the navigat ion behavior as input  for algorithm s analyzing the user 's 
interests.  

For the current  project , the architectures used for collect ing inform at ion on users' 
navigat ion behavior are quite interest ing. Furtherm ore, the results of the studies 
concerning the usage of single-user browsers indicate which funct ions m ay be 
necessary for system s support ing collaborat ive Web usage. While im provem ents for 
exist ing revisitat ion funct ions are suggested here, exam ples are subject  of chapter 
� � � � � .   

� � � � � � : HE�8 VDJ H�0 LQLQJ �

The term  : HE� XVDJH� P LQLQJ has been suggested by >&RROH\ � � @, as opposed to : HE�
FRQWHQW� P LQLQJ , as a specif ic var iat ion of : HE� P LQLQJ . There, it  is defined as ªthe 
autom at ic discovery of user access pat terns from  Web serversº (>&RROH\ � � @) , and in 
fact  all of the work in this category deals with data from  Web server logfiles -
alternat ive architectures for captur ing the usage data are only theoret ically discussed 
in the survey of >6ULYDVWDYD@, but  according to the author©s knowledge not  used in 
pract ice in this field.   

The m ajor object ive of the work int roduced in this sect ion is to provide data for content  
providers so that  they bet ter understand their  custom er©s use of their  content . I n that , 
the rest r ict ion to server logfiles -  which prohibits logging the com plete path of a user 
over m ult iple websites or  gathering specific inform at ion about  the navigat ion behavior 
(see chapter � � � � � )  -  does not  play a m ajor role.  

However, >6ULYDVWDYD@, a recent  survey of the exist ing work in that  area, broadens the 
definit ion of : HE�XVDJH�P LQLQJ  to include any Web data, allowing proxy and client  level 
data collect ion as well. This m akes sense as m any of the techniques proposed in the 
given papers could easily be applied to client  level logfiles even if that  applicat ion m ay 
not  have been considered by the authors. On the other hand, a large part  of t he 
com plexity  of : HE� XVDJH� P LQLQJ  is based on the challenge of ext ract ing individual 
user©s t rails from  logfiles of servers of the stateless + 773>+ \ SHU7H[ W�7UDQVIHU�3URWRFRO@, 
a problem  that  does not  ar ise when the data is captured at  the client .  

I n >3LWNRZ @, som e of the problem s with server-side t racking are discussed and a 
term inology is suggested:  An XQLGHQWLILHG� XVHU is defined as a user about  whom  no 
inform at ion is available. This can be the case when Web proxies operate between 
server and client . The default  type of visitor on the World Wide Web is called VHVVLRQ�
YLVLWRU:  an ident ifier can be inferred using heurist ics based on the inform at ion available 
in server- logfiles, the Web site topology HWF�>HW� FHWHUD� � DQG� RWKHU� WKLQJV� � � DQG� VR�
IRUWK� @, or an ident ifier is explicit ely  created using cookies. To a certain extend, the 
form er techniques can be used to even ident ify users behind firewalls,  as it  was done in 
>3LUROOL@. A WUDFNHG� YLVLWRU is defined as ªa v isitor  who is uniquely and reliably 
ident ifiable across m ult iple visits to a site.º  (>3LWNRZ @) This seem ingly can be achieved 
with long- term  cookies. However, it  should be added that  this does not  work when 
visitors use different  browsers on the sam e m achine /  user account  or different  
m achines /  user  accounts. Finally, an LGHQWLILHG� YLVLWRU extends the WUDFNHG� YLVLWRU with 
addit ional inform at ion. To a certain extend, such inform at ion can be autom at ically 
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gathered from  other sources -  however, the com m on way is asking the users for that  
inform at ion. Either  way the reliabilit y of such inform at ion is very quest ionable unless 
the user profits of giving valid inform at ion.  

A m ajor problem  with server-side logfiles are the various levels of caching because it  
distorts the data significant ly. I f proxies and browsers cooperate, this can be 
circum vented by a m ethod called FDFKH� EXVWLQJ -  this is t r ied by using HTTP headers 
indicat ing that  the page should not  be cached. I f browsers or proxies ignore the 
relevant  headers, cache-bust ing via HTTP headers fails. A m ore brutal approach that  
always works is adding a random  dum m y param eter to the URI , which causes the 
browser 's or proxy's URI  m atching to fail and thus inhibits caching. Such techniques 
are quest ionable, however, as they interfere signif icant ly with how the Web is 
supposed to work!  After all,  there are good reasons for caching and inhibit ing this just  
to get  bet ter usage data (which raises pr ivacy concerns in it self)  calls for cr it icism .  

For the present  work, : HE� XVDJH� P LQLQJ is interest ing because it  provides som e 
discussion and form al m odels for  the LQGLYLGXDO�WUDLOV users leave behind while browsing 
the Web as well as som e discussion on how usage data can be gathered. Even though 
m ost  papers of that  field deal explicitely with server logfiles, m any of the techniques 
could be adapted to client -side logging, usually in a sim plified m anner as som e of the 
issues com plicat ing the ext ract ion of valid usage data from  server-side logfiles 
inherent ly  do not  exist  when using client -side logging.  

� � � � � �5 HFRP P HQGHU�6 \ VWHP V�

5HFRP P HQGHU� V\ VWHP V are tools that  recom m end : HE� SDJHs to a user that  shall be 
interest ing to that  user. While >7HUYHHQ@ includes UHFRP P HQGDWLRQ� VXSSRUW� V\ VWHP V in 
their  broad survey, where the recom m endat ion process is not  autom ated but  instead 
users who want  to share recom m endat ions are supported, this sect ion only includes 
system s that  autom at ically com pute the recom m endat ions. 5HFRP P HQGDWLRQ� VXSSRUW�
V\ VWHP V are instead subject  of chapter � � � � � .  The data used to com pute 
recom m endat ions can either be of a single user only, or of a com m unity of users. While 
the lat ter im plies som e sort  of collaborat ion, the focus is on the recom m endat ions, and 
how those recom m endat ions are com puted is usually not  visible to the user of t he 
system  -  this draws another  line between UHFRP P HQGHU�V\ VWHP V and FROODERUDWLYH�: HE�
XVDJH as described in chapter � � � � � .   

>7HUYHHQ@ presents a general fram ework for understanding recom m ender system s, 
including what  is term ed FROODERUDWLYH� : HE� XVDJH in this sect ion. They define FRQWHQW�
EDVHG� V\ VWHP V as using only the preferences of the seeker and at tem pt ing to give 
recom m endat ions based on sim ilar ity  to item s previously liked by that  seeker.  Content -
based system s focus on learning the user 's preferences and filter ing new item s 
according to those preferences. Exam ples of content -based system s are 
>$UP VWURQJ� � � � @, >&KHXQJ@, >* RHFNV@.  

System s that  apply FROODERUDWLYH� ILOWHULQJ on the other hand, em ploy the rat ings of 
other users and t ry to m atch those new item s that  other  users with sim ilar preferences 
have liked. Thus, the recom m endat ion process is com pletely content - independent . 
Such system s focus on algorithm s that  discover sim ilar it ies between user preferences 
to m atch people for  gather ing the recom m endat ions. Exam ples of system s using 
collaborat ive f ilter ing include >3D] ] DQL@, >5 DIWHU@, >5 HVQLFN� � � � @, and >: DVIL@.  

Collaborat ive filter ing has been extended signif icant ly by >&KDOP HUV� � @, by int roducing 
the SDWK� P RGHO. To capture the context  in which a par t icular inform at ion item  is used, 

22Towards an Integrated Approach to Collaborative Web Usage



instead of using only single it em s, the paths of users (e.g.,  t rails of users on the World 
Wide Web)  are used to build both user  profiles and recom m endat ions based on these 
profiles.  

>&OD\ SRRO@ int roduces a few problem s with pure collaborat ive f ilter ing:  The HDUO\ � UDWHU�
SUREOHP  occurs with new item s, that  haven't  been rated by any users. The sam e 
applies to new users, that  have no profile which can be m atched. The worst  case of the 
HDUO\ � UDWHU� SUREOHP  are new system s, where neither users, nor item s have any rat ings 
to com pute recom m endat ions from .  

The VSDUVLW\ � SUREOHP  plays a role in inform at ion dom ains where the num ber of it em s 
exceeds what  indiv iduals can absorb and rate. As this results in sparse m at r ices 
containing the rat ings of all item s for all users, recom m endat ions are hard to com pute 
from  these sparse m at r ices.  

Finally, JUD\ � VKHHS are people who do not  consistent ly  agree or  disagree with any 
group of people. * UD\ �VKHHS do not  benefit  from  pure collaborat ive filter ing system s as 
the system  cannot  j udge their  interests appropriately.  

Pure content -based system s are cr it icized as having ªdifficulty  in dist inguishing 
between high-quality and low-quality inform at ion that  is on the sam e 
topic.º  (>&OD\ SRRO@) With an increased num ber of item s in general and for specif ic 
topics, this problem  gets even worse and the quality of content -based 
recom m endat ions is reduced.  

To solve these problem s of pure collaborat ive and content -based filter ing system s, a 
com binat ion of both is suggested and an extensible architecture int roduced. 
>3D] ] DQL� � @ further extends this idea by including dem ographic inform at ion into the 
filter ing process, and shows that  the quality  of recom m endat ions is actually im proved 
by using the com binat ion.  

Other work on recom m ender system s includes >/ LHEHUP DQQ@ and >0 DJOLR� � � � @. Both 
t ry to obtain a m odel of how the user searches the Web and give suggest ions based on 
this m odel.   

For the ongoing project , an integrat ion of autom at ic recom m ender system  technology 
is a prom ising idea. While the m ain object ive is helping people collaborate explicitely 
and provide an increased awareness of other people, the collected data can be used as 
input  for any com binat ion of the int roduced techniques of autom at ically  recom m ending 
interest ing pages. I deally, the recom m endat ions are explained to the user, as 
suggested in >+ HUORFNHU@. This can further enhance the awareness of the com m unity 
one browses the Web with.  

Another very interest ing aspect  of recom m ender system s in respect  to the current  
work is that  they usually recognize com m unit ies based on the various types of user 
profiles. While the pure recom m ender system s need those com m unit ies to base their  
recom m endat ions upon, the com m unit ies can also be used to m ake people with sim ilar 
interests m eet  each other. This idea is discussed by >7HUYHHQ@, including som e of the 
pr ivacy issues involved therein. Fur thm ore, such explicit  com m unit ies based on user 
profiles m ay even be used to evaluate the quality of the com m unit y by asking its 
m em bers whether they feel the com m unity shares their  interests or not . The pr ivacy 
issues of such a system  m ust  be carefully weighted against  the potent ial benefit  for  the 
users, ideally in a way that  puts the freedom  of choice to the user him self.   
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� � � � � �+ \ SHUOLQN�DQG�&RQWHQW�$ QDO\ VLV�

The body of work int roduced in this sect ion deals with analyzing the stat ic st ructure of 
the Web defined by hyperlinks and/ or content  to f ind out  relat ionships between pages 
and group pages into clusters, called : HE� � FRQWHQW� � FRP P XQLWLHV. Not ice that  content  
analysis is only int roduced in connect ion with hyper link analysis here. While content  
analysis surely is a very large field as well, it  has been left  out  for the sake of brevity 
and m ay be included in subsequent  work. Hyper link analysis is usually  a stat ic 
approach that  does not  take into account  user behavior.  A recent  survey of the work in 
this field and som e term inology is given by >( IH@. The sim plest  and m ost  obvious form  
of page $  im plicitely endorsing page % is a GLUHFW�OLQN from  $  to %. When a page $  links 
to two other  pages % and & that  is called FR� FLWDWLRQ and it  is assum ed that  % and &
have som e relevance to each other as well as to $  (>( IH@). Another m easure, also 
taken from  ELEOLRP HWULFV (see below) , is ELEOLRJUDSKLF� FRXSOLQJ:  the m ore links two 
pages $  and % have in com m on, the higher their  bibliographic coupling and thus, a 
higher sim ilar it y or relevance to each other is assum ed ( >. OHLQEHUJ@).  

One finding of hyperlink analysis is that  Web pages can be categorized into DXWKRULWLHV
and KXEV:  DXWKRULWLHV are considered the best  sources of inform at ion on a par t icular 
topic and KXEV are collect ions of OLQNs to those locat ions (e.g.,  >&KDNUDEDUWL@, 
>. OHLQEHUJ@, >* LEVRQ� � � � E@). Discover ing these pages is not  a t r iv ial task, and m uch of 
the work t r ies to find algorit hm s that  efficient ly  handle this task. For  exam ples, see 
>' HDQ@, >) ODNH@, >* LEVRQ@, >. OHLQEHUJ@.  

Another interest ing link topology is that  of a Z HE� ULQJ:  a set  of related pages that  link 
to each other one after the other. Each page Q links to a previous page Q� �  which in 
turn links to Q, and a subsequent  page Q� �  which links back to Q. Web r ings are 
discovered for instance by the m ethod of >) ODNH@.  

According to >* LEVRQ@, " link st ructures have been studied in hypertext  research that  
predates the www", for exam ple in >%RWDIRJR@. A related field are ELEOLRP HWULFV, in 
which the pat terns of citat ion am ong scient ific papers is studied. A review can be found 
in >: KLWH@. Som e of the connect ions between bibliom et r ics and hyperlink analysis are 
studied in >/ DUVRQ@. A few im portant  differences between scient ific citat ions and Web 
links are (>( IH@):   

� I n scient ific citat ions relevance, object iv it y and inform at ion qualit y can be 
expected. Web links are usually  m ore subject ive and noisy.  

� Web links also serve navigat ional purposes, while scient if ic citat ions always have 
(at  least  som e)  relevance to the content .  

� Web links are dynam ic, scient ific citat ions are stat ic. I n part icular,  Web pages 
often m utually link each other -  a phenom enon very rare to scient ific work.  

For an exam ple where content  and hyperlink analysis is com bined, see >' DYLVRQ� � � � @. 
While other approaches only include the topology of the links, here the text  in,  and 
around the links is used -  assum ing that  it  som ehow describes the pages linked to. I n 
the experim ent  it  is shown that  the text  within the anchors often represents at  least  a 
part  of the target  page.  

>3LUROOL@ at tem pts to im prove Web navigat ion and assim ilat ion by integrat ing hyperlink 
topology, page m eta- inform at ion ( like file size and URI ) , usage frequency and usage 
paths as well as text  sim ilar ity  between the pages. They have also defined a set  of 
types of Web pages according to their  roles:   
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� KHDG� SDJH:  best  start ing point  for a set  of pages. There are two subclasses of 
head page:  SHUVRQDO�KRP H�SDJHV and RUJDQL] DWLRQDO�KRP H�SDJHV.  

� LQGH[ � SDJH:  basically the sam e as hubs, can often be ident if ied by words like 
" index", " table of contents"  or " toc"  as part  of their  URI  or t it le.   

� VRXUFH� LQGH[ � SDJH:  ent ry points and indices into a related inform at ion space. 
Quite sim ilar to index page, but  these are also head pages.  

� UHIHUHQFH� SDJHs:  pages that  are used repeatedly to explain a concept  or contains 
actual references. The subclass GHVWLQDWLRQ� SDJH is used for pages that  do not  
point  anywhere else (e.g., expanded acronym s, copyright  not ices, and 
bibliographic references) .   

� FRQWHQW�SDJHs serve no navigat ional purposes but  only deliver inform at ion.  

While previous work concent rated m ost ly  on the com m unit ies in them selves, >7R\ RGD@
is also concerned with the relat ionships between those com m unit ies and a way of 
navigat ing between related com m unit ies. To that  end, they have developed a 
technique for creat ing a com m unity chart ,  which is a graph of which the nodes are 
com m unit ies and the the edges relat ionships between those com m unit ies. The edges 
are weighted, the weight  represent ing the st rength of the relat ionship.  

The m ajor object ive of this approach is im proving the way the Web can be searched, 
organized and visualized. Another applicat ion of the results of such work is m ore 
specific target ing of advert isem ents. I f the com m unit ies of which the visitors m ay be 
interested in certain products are known, the m ost  authoritat ive pages can be used for 
effect ive advert ising (>( IH@). Last  but  not  least , finding out  about  the social and/ or 
intellectual st ructure of the Web is an end in it self.  

I n the context  of the present  work, the results of research dealing with hyper link 
and/ or content  analysis m ay be valuable to define groups of docum ents that  people 
look for inform at ion at .  A user m ay then com m unicate with users current ly v isit ing 
pages from  the sam e group (a : HE� XVHU� FRP P XQLW\  based on a : HE� FRQWHQW�
FRP P XQLW\ )  which m ay m ake it  m uch easier to find the m ost  interest ing inform at ion by 
sim ply asking others. Hyperlink analysis m ay be extended by using the links actually 
followed by users instead of all links, and possibly even using QDYLJDWLRQ� EHKDYLRU
inform at ion like how m uch t im e is spent  with a page to im prove the quality and 
relevance of the clusters. I ntuit ively, a page that  a user returns to m any t im es and 
from  which he then visits other pages m ay be a good KXE for the topic the user is 
current ly  interested in ( see chapter � � � � � ) .  A page visited from  such a hub that  the 
user spends a lot  of t im e with, possibly bookm arks it  or saves it  locally is probably a 
good DXWKRULW\ .  

� � � � � �5 HYLVLWDWLRQ�DQG�$ QQRWDWLRQ�7RROV�

Work dealing with the creat ion and integrat ion of user interfaces for revisitat ion and 
annotat ions tools includes >%DUUHW@, >&RFNEXUQ� � D@, >&RFNEXUQ� � E@, >+ DVFRHW� � � � @, 
>+ DVFRHW@, >. DDVWHQ@, >. RFK@, >/ DXUHQW@, >/ L@, and >7DXVFKHU@. I n >+ DVFRHW� � � � @, an 
at tem pt  is m ade to integrate a shor t  term  history, a personal best  of list , a list  of 
unclassified docum ents to be read later,  and an overview of an organized collect ion of 
bookm arks into a unif ied user interface. The m odel used for this integrat ion, term ed 
"docum ent  as user interface" by the authors, can also be used for navigat ion. While 
m ost  browsers show bookm arks in a sim ple t ree, BookMap uses a f isheye view that  
allows zoom ing in to and out  of areas of interest , t rading details for context .  Another 
im provem ent  to the handling of bookm arks is f ilter ing -  a technique also used by 
>. DDVWHQ@ and >/ L@. While the keyword filter is quite sim ple, a special approach has 
been developed for filter ing by date:  instead of enter ing the dates m anually,  a slider is 

25Towards an Integrated Approach to Collaborative Web Usage



used that  consum es m inim al screen estate (see below) . The length of the cursor 
represents the length of the period, and the posit ion of the cursor represents the 
period itself.   

>. DDVWHQ@ deals with an integrated m odel for "back" , history and bookm arks, based on 
a recency-ordered history list , in order to im prove the usabilit y.  The "back-but ton"  in 
current  : HE� EURZ VHUs is usually im plem ented as a VWDFN, leading to problem s as going 
back and then branching to another page dest roys the old branch. A UHFHQF\ � EDVHG�
KLVWRU\ , on the other hand, sim ply records the pages visited in the t im e-based 
sequence they are visit ed. A recency-based list  not  only avoids this problem  but  is also 
considered m ore intuit ive to the users. While convent ional bookm arks provide useful 
m eans of st ructur ing the collect ion, this is considered "heavyweight "  by >. DDVWHQ@ and 
a solut ion where bookm arks are replaced with "dogears"  on the list  of visited pages is 
proposed. Like in >+ DVFRHW@, pages are represented via thum bnails,  as this has been 
proven to be m ore effect ive than Web page t it les or the URI s of the pages 
(>&RFNEXUQ� � D@, >&RFNEXUQ� � E@). I m plicit  bookm arks are som ewhat  sim ilar to the best  
of list  in the above work:  by v isualizing the page visit  frequency a user can easily 
dist inguish between pages that  have been visited m ore or  less often. By filt er ing, best  
of and bookm arks only lists can easily be created, as well as a sim ple form  of content -
based filter ing, using the page's t it le or showing only pages from  part icular dom ains.  

3RZ HU%RRNP DUNV int roduced by >/ L@ is an inform at ion organizat ion, sharing, and 
m anagem ent  tool. I t  supports advanced query, classificat ion, and navigat ion 
funct ionalit ies on bookm ark collect ions and also uses users' access pat terns for 
features like autom ated bookm arking, docum ent  refreshing, and bookm ark expirat ion. 
For exam ple, when a user visits a Web page frequent ly, it  can autom at ically be 
bookm arked.  

A m ajor problem  with revisitat ion tools is the "screen real estate"  (>&RFNEXUQ� � E@):  as 
the Web pages the user actually wants to see usually require a lot  of space on screen, 
revisitat ion tools com pete with that  space. Thus, the m ore space the tool requires, the 
m ore useful it  m ust  be for the user so that  he does not  hide it  som ewhere and thus 
stops using it .  Therefore, ª[ r ] evisitat ion tools m ust  [ . . . ]  m axim ise the value of the 
inform at ion they present ,  and do so using m inim al screen real 
estate.º (>&RFNEXUQ� � D@) 

>&RFNEXUQ� � D@ also discusses various approaches to the st ructural organizat ion of page 
display:   

� + XE� DQG� VSRNH� G\ QDP LF� WUHHV capture the user©s navigat ion behavior  well,  by 
adding new pages, with edges to the pages they are linked from .  

� With 6SDWLDO� / D\ RXWV the user  can arrange the pages according to his taste, 
m aking it  easier to rem em ber a page©s content  by where it  has been placed. This 
approach has a m ajor disadvantage, nam ely that  placing the pages is a heavy 
burden to the user.  

� 6LWH� P DSV contain the com plete contents of a part icular site. These can be 
stat ically arranged which m ay m ake navigat ion easier -  however, m any included 
pages have usually not  been visited before. Thus, instead of using this for 
revisitat ion it  is probably m ore useful for finding new pages...   

� 7HP SRUDO� RUJDQLVDWLRQ is another exam ple of a natural way of representat ion and 
facilitates finding previously visited pages by exploit ing the user©s m em ory of 
when he visit ed a certain page.  

There have been various approaches to annotat ing the WWW, som e of which shall be 
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int roduced here. One m ajor design issue with annotat ion system s is how the 
annotat ions are gathered, stored and presented. There are generally  two classes of 
system s:  system s that  require software installat ion or configurat ion changes on the 
client -side (e.g., >. DKDQ@, >/ DXUHQW@, >0 DUDLV@), and system s that  use standard internet  
technology like JavaScript  to em bed the funct ionality in standard : HE� EURZ VHUs (e.g.,  
>. RFK@). The lat ter, however, usually requires changes on the Web server or the 
docum ents it  provides, rest r ict ing annotat ions to pages that  are prepared for taking 
annotat ions. An alternat ive is installing and using a proxy-server or  sim ilar 
architecture, where the or iginal pages are rewrit t en to include the annotat ions. This 
approach has been used, but  this is not  covered here, see >/ DXUHQW@ instead.  

>. RFK@ discusses the use of an annotat ion tool in academ ic courses. I n such an 
environm ent ,  the need of enhancing the docum ents is not  a problem  as m ost  relevant  
docum ents are usually accessible and can be easily  changed.  

<DZ DV, the prototype int roduced in >/ DXUHQW@ is a Java and JavaScript  based annotat ion 
tool t hat  is im plem ented as a client -side proxy. I t  works with any Web browser due to 
its architecture and allows annotat ing both rem ote and local docum ents. Specific texts 
within Web pages can be highlighted and annotated and those annotat ions are stored 
locally , which circum vents pr ivacy concerns. Sharing annotat ions is possible via im port  
and export  funct ions.  

A very prom ising project  is Annotea (>. DKDQ@), a : � &>: RUOG� : LGH� : HE� &RQVRUWLXP @
/ ( $ ' >/ LYH� ( DUO\ � $GRSWLRQ� DQG� ' HP RQVWUDWLRQ@ project  for  enhancing the W3C 
collaborat ion environm ent  with annotat ions. For edit ing and viewing the annotat ions, 
which are stored on special purpose servers, an own Web client  is available (Am aya) . 
However, there are also add-ons for ex ist ing browsers including , QWHUQHW� ( [ SORUHU and 
0 R] LOOD.  

A m ajor  goal of Annotea is to re-use as m uch exist ing W3C technology as possible -
consequent ly,  open standards like RDF, XPointer, XLink and HTTP are used extensively. 
This sim plifies extending Annotea and interoperat ing with other annotat ion system s. 
Another interest ing aspect  of Annotea is that  annotat ions are typed with t ypes defined 
by the users, allowing classif icat ion of annotat ions into classes like FRP P HQW, HUUDWXP
etc.  

While other approaches have a part icular user inter face included, Annotea is user 
interface independent .  Clients can be im plem ented based on the standard protocols 
defined by the Annotea project .   

Finally, pr ivacy and scalabilit y concerns are circum vented by using m ult iple decent ral 
annotat ion servers instead of a single server . This both allows collaborat ion am ong 
m ult iple users or even user groups (unlike client -side storage)  and at  the sam e t im e 
assures that  the groups using a server can keep their  inform at ion pr ivate.  

While annotat ion tools often are target ted at  collaborat ive work, revisitat ion tools are 
usually single-user or iented. Privacy issues pose a m ajor  challenge when such 
inform at ion is used for collaborat ion, but  especially sm all,  lim ited groups where all 
part icipants know each other profit  heavily from  an integrat ive and collaborat ive 
approach to revisitat ion and annotat ion in the Web context . While challenging, f inding 
a well- integrated solut ion for providing such serv ices to a com m unity m ay signif icant ly 
change the way the Web is used. Obviously, such an approach should be based on and 
extend the m odels used for  single-user revisitat ion and annotat ion tools.  
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� � � � � �&ROODERUDWLYH�: HE�8 VDJ H�

A good start ing point  to find out  why a tool for collaborat ive : HE� XVDJH is needed is 
>7Z LGDOH@. I t  draws from  som e findings on how convent ional librar ies are used by 
students -  nam ely, often in a collaborat ive m anner -  and these findings can be 
t ransferred to World-Wide Web usage. One interest ing idea in this work is that  not  only 
inform at ion, but  also people are considered an im portant  thing one can search for:   

ªWe believe that  browsing for people, their  elect ronic representat ions or 
representat ions of their  act iv it ies, is a neglected and im portant  
area.º (>7Z LGDOH@)  

For a digital library that  allows collaborat ion, the authors propose the following 
com m unicat ion aspects:   

� direct  inform at ion exchange between individuals:  "do you know?"  
� direct  inform at ion exchange between an individual and a group:  "does anyone 

know?"  
� 6HDUFKLQJ� IRU� H[ SHUWV:  "who m ight  know?". This can be im plem ented by profile 

m atching (see the coherence with chapter � � � � � ) .   
� &RRUGLQDWHG� VHDUFKLQJ , which involves a lot  of com m unicat ion between 

part icipat ing users during the actual search.  
� Making contacts. "For exam ple, if a record is kept  of books borrowed, or 

elect ronic docum ents inspected, then two users with overlapping ©browsing habits© 
m ight  be put  in contact .  Alternat ively,  if the system  m aintains ©interest  profiles© 
for m any of it s users, these could be grouped together using a cluster ing 
algor ithm ."  (As proposed in chapter � � � � � .)   

� 3HUVRQDO� UHFRP P HQGDWLRQ:  I n this case, individuals are not ified of the search 
results. * URXS�UHFRP P HQGDWLRQ is basically  the sam e except  that  a whole group is 
not if ied. I n VLP LODU� VHDUFKHV, this act iv ity  is done autom at ically, by discovering 
people who m ay be interested in the inform at ion via heur ist ics like their  browsing 
behavior and passing the inform at ion on to them  (see serendipitous alt ruism ...
>� ' HIB6HUHQGLSLWRXV$OWUXLVP @).  

>0 DUDLV@ define FRRSHUDWLYH� VXUILQJ as act iv ity of a com m unity of users who 
cooperat ively and asynchronously build up knowledge st ructures relevant  to their  
group. They discuss design opt ions and describe their  own approach 9LVWDEDU that  
supports this act iv ity. The opt ions given include FXVWRP � EURZ VHU, EURZ VHU� SOXJ� LQ, 
DSSOHW, SDUDVLWH and SUR[ \ . A SDUDVLWH is defined as ªan applicat ion that  at taches itself 
to another execut ing applicat ion and is able to m onitor and cont rol it  through a 
published $3, >$SSOLFDWLRQ� 3URJUDP � P LQJ � � , QWHUIDFH@.º (>0 DUDLV@) These are analyzed 
according to the following cr iter ia:  FRQWURO� RYHU� EURZ VHU, P RQLWRULQJ, SHUVLVWHQW�
SUHVHQFH, RZ Q� 8 , , 8 , � LQWHJUDWLRQ and H[ WHQVLELOLW\ . I n their  discussion, the two m ost  
prom ising opt ions were proxy and parasite, but  as proxies lacked som e features they 
required ( lack of cont rol because of caching, browser display cannot  be dr iven etc.) , 
the parasite approach was chosen. Their  tool, for which they have coined the term  
EURZ VHUZ DUH which stands for software com ponents that  are both aware of the browser 
and the user, supports features like a searchable index on all v isited pages (based on 
the NI 2 library which is also used by AltaVista) , finding sim ilar ( related)  pages, 
classify ing pages, finding referr ing pages and associat ions to real world item s via 
barcodes.  

A feature that  m ay be part icular ly interest ing for determ ining which sect ions of a larger 
docum ent  a user is interested in is also explained:  ] LSSLQJ. This is done by determ ining 
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the sect ions and subsect ions via their  tags ( H1, H2, etc.)  and then allowing the user to 
collapse or expand those sect ions.  

For cooperat ive surfing in the context  of >0 DUDLV@, bookm arks and annotat ions are 
supported. An interest ing feature concerning bookm arks is that  it  is possible to store 
unclassified bookm arks which are autom at ically classif ied by the system . Other users 
m ay then change the classif icat ion if it  doesn't  fit  well.  

A m ore recent , proxy-based approach is discussed in >&DEUL@. I n that  work, 
synchronous browsing, which includes chat  facilit ies and the like is the m ain center of 
at tent ion. An architecture for a proxy-system  that  supports synchronous browsing is 
explained after a discussion on the different  opt ions:  server- , client -  or proxy-side. I n 
fact , what  is used is a com binat ion of a proxy that  also changes the docum ents it  
serves and applets that  provide the client -side funct ionality ( these are em bedded into 
the or iginal pages by the proxy) . The features of the im plem ented system  include user-
m anagem ent ,  caching pages, m odifying pages, inform ing users which pages other 
users have ret r ieved and changing the colors of links that  have been followed or that  
returned errors. An addit ional feature that  m ay be interest ing especially in an academ ic 
context  is P DVWHU� VODYH�EURZ VLQJ, which allows one user to have all other users see the 
pages he selects.  This m ay be also interest ing for team s that  want  to watch each 
other 's sessions sim ultanuously (of course, it  would be a different  feature as in this 
case, one would talk of MRLQLQJ� LQWR� D� VHVVLRQ). Finally , im ages can be wrapped into 
applets so that  they becom e sort  of a shared blackboard, where users can point  t o 
areas within the im age as well as paint ing into the im age. The perform ance of the 
system  is shown to be no hindrance to Web browsing.  

A broad overv iew on collaborat ive Web usage is also given by >* UHHQEHUJ@. One very 
interest ing finding reported therein is that  voice com m unicat ion is very im portant  for 
real t im e collaborat ion, but  has not  been im plem ented by m ost  system s.  

>* UHHQEHUJ@ then int roduces * URXS: HE. * URXS: HE is im plem ented as an own Web 
browser, which allows som e m ore features at  the expense of forcing users to use 
another browser instead of the browser they are used to. I n * URXS: HE, P DVWHU� VODYH�
EURZ VLQJ  is also supported but  here it  is even possible to synchronize the scrolling of 
the page. Furtherm ore, telepointers allow part icipants to point  to interest ing parts of 
the pages current ly displayed. Like in other approaches, group annotat ions are 
supported.  

I n >' LHEHUJHU� � � � @, &R: HE, a collaborat ive Web space is int roduced. I t  allows people 
to change the content  and create new pages easily. Furtherm ore, discussions are 
supported. An interest ing feature is that  access history is visualized so that  users can 
easily f ind out  when other  users have been visit ing a page. This increases the 
com m unit y awareness. On the other hand, the architecture -  a single Web server -
lim its the scope of the system  signif icant ly.  

As the object ive of the present  work is building an innovat ive tool for collaborat ive Web 
usage, the other approaches m ust  be carefully exam ined and exist ing ideas m ust  be 
integrated with approaches that  have not  previously been considered for collaborat ive 
Web usage. An im portant  quest ion to ask is "what  is m issing in those approaches?" 
The object ive of finding a solut ion that  integrates approaches -  generalizing them  -
m ay lead to a system  that  either cannot  be im plem ented or cannot  be used, due to its 
com plexity . Thus, a way m ust  be found so that  the integrat ion sim plifies instead of 
m aking things m ore com plicated.  
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� �5 HOHYDQW�&RQFHSWV�

I n this sect ion, var ious concepts that  are relevant  to an integrated approach to 
collaborat ive Web usage are int roduced.  

� � � �&ROODERUDWLRQ�

&ROODERUDWLRQ is the process of m ult iple people or groups working together with a 
com m on goal.  For exam ple, a group of scient ists working in the sam e field and sharing 
the results of their  indiv idual research do collaborate. While this could also be called 
FRRSHUDWLRQ, the relat ionship between people involved in collaborat ion is considered 
m uch closer. I n par t icular, while cooperat ion m ay take place between com pet ing 
part ies, there's an atm osphere of t rust  and sharing inform at ion in a collaborat ive 
environm ent ,  and there is m uch m ore of a team  spir it  (>0 D[ Z HOO@). Therefore, two 
com pet ing com panies m ay cooperate in the specificat ion of a new standard that  both 
are in need of -  but  this would not  be called collaborat ion.  

This im plies an im portant  relat ionship between the term s that  shall be m ade explicit :  
collaborat ion can be seen as a m ore specific descript ion of working together than 
cooperat ion. I nstances of collaborat ion are usually instances of cooperat ion, but  
instances of cooperat ion are usually not  instances of collaborat ion. Therefore, providing 
a m eans for  collaborat ion includes support  for cooperat ion as well.   

While the difference between cooperat ion and collaborat ion is slight  and the term s are 
used interchangeable in m any contexts, the difference is im portant  for collaborat ive 
Web usage, because the m ain aspect  of working together  in this context  is sharing 
inform at ion in a very t rust ful m anner. Thus, the at t itude of people (or organizat ions)  
involved should allow sharing that  inform at ion, and a system  support ing collaborat ive 
Web usage m ay provide less inform at ion in an environm ent  where people involved do 
not  t rust  each other.  

Therefore, the difference between cooperat ion and collaborat ion within such a system  
m ay becom e apparent  by the access perm issions granted to the cooperat ing or 
collaborat ing part ies. Naturally, cooperat ing part ies would have m ore rest r ict ive 
perm issions than collaborat ing part ies.  

The present  work focusses on collaborat ion in the process of finding and dealing with 
inform at ion on the Web, as opposed to the creat ion of content  for the Web. This 
collaborat ive process can be supported with m eans for  efficient  com m unicat ion (see 
chapter � � � ) ,  as well as storage and visualizat ion of both the path that  lead to useful 
inform at ion and the inform at ion itself ( see chapter � � � ) .  While visualizat ion is only 
done in a textual m anner in the present  work, graphical visualizat ions of the paths 
leading to useful inform at ion is quite an interest ing field relevant  to the present  work 
that  would have been adressed if m ore t im e had been available.  

� � � �&RP P XQLWLHV�

The groups of people that  are involved in such collaborat ion are term ed FRP P XQLWLHV in 
this context . Com m unit ies can be created by users of the system , by pr iv ileged users 
(e.g., adm inist rators)  or by the system  itself (autom at ically  created com m unit ies) .  The 
people who belong to a com m unity are called P HP EHUV and their  status of belonging to 
the group is called P HP EHUVKLS. While the m ost  obvious way of determ ining 
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m em bership is by explicitely j oining or leaving, com m unit ies can also be form ed 
autom at ically.  

For exam ple, if users have profiles including data about  their  interests, they can be 
m atched into com m unit ies by m atching these profiles. This can help br inging people 
with sim ilar interests together . The profiles m ight  also be deduced autom at ically,  for 
exam ple, by analyzing the pages that  those users have ret r ieved (as described in 
chapter � � � � � ) .   

Another exam ple are com m unit ies of visitors of Web pages. I n a way, these 
com m unit ies exist  even when they have no m em bers. A person becom es a m em ber of 
the com m unity of current  visitors of a Web page when he enters the page, and leaves 
the com m unity when he leaves the page. However, he st ill is a m em ber of t he 
com m unit y of people who have v isited that  par t icular page in the past .   

This leads to the tem poral aspect  of m em bership (GXUDWLRQ� RI� P HP EHUVKLS) :  in som e 
com m unit ies, people quickly becom e m em bers and leave after a short  per iod of t im e, 
while with other com m unit ies, they rem ain m em bers perm anent ly once they have 
joined. Another tem poral dim ension is the GXUDWLRQ� RI� H[ LVWHQFH� RI� WKH� FRP P XQLW\ :  
som e com m unit ies m ay only exist  for a short  per iod of t im e while others last  from  the 
star t  of the system  unt il t he system  is shut  down perm anent ly . I n par t icular, som e 
com m unit ies will cease to exist  when they have no m ore m em bers while others 
rem ain.  

Finally, m em bership can be open to everybody or rest r icted. For  exam ple, the owner of 
a group (or m oderator)  m ay have to approve each new m em ber. Another m ode of 
rest r icted m em bership is approval of other m em bers (either all,  a certain percentage 
or at  least  one m em ber) .  

� � � � : HE�1 DYLJ DWLRQ�

This sect ion describes various aspects of navigat ing the Web.  

� � � � � � ' RFXP HQWV�

When a spat ial m etaphor is used, docum ents in the Web are like places that  can be 
visited. There are a few technical details specif ic to the current  World Wide Web 
providing a basis for a conceptual understanding of docum ents on the Web:  
t radit ionally , a docum ent  is a file on the server 's filesystem . This file m ay consist  of 
var ious sect ions and is stored in a folder. Very often, f iles stored in the sam e folder 
also have content  that  is related. Finally,  a Web site resides on a specific dom ain, and 
very often, the pages of a dom ain are also related.  

Thus, from  a m ore abst ract  perspect ive, the m ost  obvious piece of inform at ion is a 
GRFXP HQW:  The docum ent  is usually displayed as a cont inuous piece of inform at ion 
(e.g., a page in browser, in which the user  m ay scroll) ,  m ay be stored as a file on a 
server or is ret r ieved from  the server  through a single request .  Within such a 
docum ent , there are ORFDWLRQV ( reached by scrolling, could be selected or highlighted -
or pointed to via the m ouse pointer)  and part icular VHFWLRQV (often having headlines or 
nam es, som et im es accessible through inline links) . Docum ents are related in m any 
ways to other docum ents. Such relat ionships between docum ents include:   
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� stored in the sam e ( logical)  folder on the server (as defined by its URI )   
� stored on the sam e ( logical)  host  (as defined by its URI )   
� related v ia a hyperlink ( source or target  of that  link)   
� related via m ult iple hyperlinks ( for exam ple two docum ents that  are link targets 

from  the sam e source, see chapter � � � � � )   
� related by content  ( sim ilar  content , content  of page A required to understand 

content  of page B and the like)   

Such relat ionships play an im portant  role when Web navigat ion shall be understood 
because they allow viewing the data on various levels of abst ract ion. Som et im es it  m ay 
be interest ing to know exact ly what  locat ion of a docum ent  m ost  users spent  m ost  
t im e on, while in other situat ions, the focus m ay be on how users navigate through 
m any docum ents related to one topic to docum ents related to another  topic.  

Som e of these relat ionships are technically difficult  to analyze. For that  reason, an 
approach based on technical sim plicity  (e.g., analyzing the URI  st r ing)  m ay be m ore 
appropriate than t rying to discover and m odel m ore com plex and potent ially m ore 
interest ing relat ionships. However, hum an users m ay often have a good intuit ion about  
relat ionships that  could hardly be discovered autom at ically. I n a collaborat ive system , 
such intuit ion could be collected and used to enhance the exper ience for all users.  

� � � � � � ) ROORZ LQJ �/ LQNV�

As reported in chapter � � � � � ,  the m ost  com m on navigat ion act ion is following a link. I n 
the com m on environm ent  (at  the t im e of this writ ing) , where Web content  is usually 
viewed on desktop com puters, a OLQN� LV� IROORZ HG by point ing to a m arked area within 
the visual representat ion of the docum ent ,  and clicking. The Web browser then usually 
replaces the current  docum ent  with the docum ent  the link points to.  As m ent ioned in 
the preceding sect ion, this also im plies a relat ionship between the two pages involved. 
With the current  Web which is based on + 70 / >+ \ SHU7H[ W� 0 DUNXS� / DQJXDJH@ and 
therefore the relat ively sim ple hyper link m odel of HTML, that  is actually all there is to 
say about  links.  

However, another f inding presented in chapter � � � � �  indicates that  the unidirect ionality 
of the HTML hyperlinks is rather unnatural:  nam ely, the frequency of usage of the back 
but ton. The existence of the back but ton in every browser already indicates that  
m oving backwards to the or igin of a link is a very im portant  act ion in Web navigat ion 
and thus needs to be m odelled. The fact  that  the back but ton is one of the m ost  
frequent ly  used navigat ion act ions also indicates that  users do have a concept  of 
"m oving backwards"  on the Web, even if this concept  is not  a part  of the under lying 
hyper link m odel.  

Another shortcom ing of the HTML hyperlink m odel is that  it  does not  explicitely define 
the act ion that  the user agent  is per form ing as a result  of the user act ivat ing the link. 
While or iginally,  the current  page is sim ply replaced with the dest inat ion of the link, it  
m ay also be that  the content  of another fram e or window is replaced, or a new window 
is opened, in which the target  is displayed. Other possibilit ies are j um ping to another 
sect ion in the sam e docum ent  (possible in HTML, but  not  explicitely  m odelled)  or 
adding the contents of the target  in the current  docum ent  at  t he locat ion of the link. 
Furtherm ore, the user  m ay choose to open a new window for the target  as well as just  
stor ing the target  to disk, or any other  of the previously m ent ioned behaviors.  

Even though bet ter hyperlink m odels that  contain such funct ionality  do exist  ( for an 
exam ple, see >; / , 1 . @), these are current ly  not  very broadly used on the Web, which 
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lim its the usabilit y of an applicat ion relying on these advanced m odels significant ly.   

Finally, a user m ay also choose to m anually enter an URI  that  shall replace the 
current ly  displayed page (or  be displayed in a new window) . I n this case, the new 
docum ent  is usually not  related to the previously displayed docum ent  -  however,  such 
an act ion m ay also be seen as following a hyperlink.  

� � � � � �6 HVVLRQ�+ LVWRU\ �

Another concept  that  is som ewhat  related to findings in chapter � � � � �  is that  of a 
session history. From  the fact  that  the recurrence rate has been very high in the 
experim ents m ent ioned there, it  can be deduced that  the docum ents a user has visited 
are very im portant ,  and it  m ay follow that  the sam e applies to docum ents visited 
within a com m unity of users with a com m on goal.  

A user 's KLVWRU\  is the sequence of navigat ion act ions the user  has perform ed while 
browsing the Web. These navigat ion act ions can be accum ulated in sessions. There are 
a few QDWXUDO at t r ibutes of sessions, including:   

� star t / end t im e and therefore durat ion  
� ent ry point  ( first  visited docum ent )   
� the v isited docum ents 

Furtherm ore, the user m ay add inform at ion to the session to m ake it  m ore useful for 
later  reuse and finding it  am ong a large num ber of sessions:   

� a nam e and/ or descript ion  
� a type of session (e.g.,  searching for part icular inform at ion, browsing to get  an 

overview)   

The actual history ( L�H�>LG� HVW@, what  the user did dur ing a session)  can be stored in 
m any different  ways and it  seem s that  there is no unified approach that  suits all needs 
perfect ly.  Five approaches shall be out lined here:   

� 7LP H� 2 ULHQWHG�0 RGHO�� � VLP SOH�HYHQW�ORJ I LOHV� � �  
All act ions ( i.e.,  following a hyperlink, clicking the back but ton, opening a new 
window etc.)  are stored sequent ially in the order in which they are per form ed. 
This is the m ost  sim ple and st raight forward way of stor ing User Sessions. I t  
requires no part icular  logic except  captur ing those act ions with all their  relevant  
param eters and stor ing them . An advantage of this approach is that  no 
inform at ion is lost , as the user input  is com pletely stored and can thus be 
com pletely reproduced. However, for m ost  applicat ions these logfiles will usually 
have to be converted into one of the following m odels because they contain too 
m uch inform at ion with too lit t le st ructure. The underlying m odel is a sim ple list . 
This m odel could be considered the generic m odel for represent ing sessions but  
cannot  be used itself for m ost  applicat ions.  

� ' LVSOD\ � 2 ULHQWHG�0 RGHOV�  
I n this m odel,  the windows and/ or fram es which are used to display the content  
are the cent ral elem ent . Within such a window or fram e, any of the other m odels 
could be used for storage. For exam ple, som e st ructure could be added to the 
t im e-oriented m odel by grouping the act ions according to the locat ions where 
they take place (e.g., fram es and windows) . This m odel is quite useful for 
captur ing parallel sessions, where the user uses m ult iple windows and/ or  fram es 
at  the sam e t im e. One way of displaying the data in this m odel is by sequence 
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diagram s as they are defined by the 8 0 / >8 QLILHG� 0 RGHOOLQJ� / DQJXDJH@. Each 
window and/ or fram e is m odeled as an object .  Links can be m odeled with 
m ethod-calls either on the sam e window or point ing to another window. New 
windows can be opened (object  const ruct ion)  and closed (object  dest ruct ion) .  
One way of represent ing this m odel is within som e sort  of m at r ix or opt im ized 
m at r ix ( the result ing m at r ices are always very sparse, thus it  m akes sense to 
only store the elem ents that  actually  contain inform at ion) . I n such a m at r ix,  the 
colum ns are the windows and/ or fram es and the rows can store pages, links or 
act ions in a t im ed order. Two elem ents on the sam e row have happened 
concurrent ly, or represent  a concurrent  state (e.g.,  two pages being displayed at  
the sam e t im e in two different  windows) .  

� ' RFXP HQW� 2 ULHQWDWHG�0 RGHOV�  
The docum ent -or iented m odel puts the pages the user visits into a t ree-  or 
generic graph st ructure. Each new page is stored as the child of the page that  it  
has been linked from . The hyperlinks in the docum ent  are the edges in the 
representat ion. While the nodes in this m odel are relat ively sim ple 
( representat ion of the docum ent , e.g., by it s URI ) ,  the edges can get  quite 
com plex if no inform at ion shall get  lost .  For exam ple, there m ay be different  
instances of hyperlinks in the source docum ent  point ing to the sam e target  
docum ent , and it  m ay be im portant  to be able to dist inguish those (of course, this 
problem  exists in all approaches -  but  it  is special in this case as such inform at ion 
is stored in the edges) . Also, the specific act ion that  is taken when a user uses a 
hyper link m ay have to be stored (e.g., replace current  docum ent ,  open target  in 
new window, save target  to disk)  and in m any cases this m ay be very hard to 
m odel within a sim ple t ree. 
Furtherm ore, usage of the back but ton, m anually  enter ing URI s or using 
bookm arks or history -  in other words:  ways of replacing the current  docum ent  
with another docum ent  without  using a hyperlink on that  current  docum ent  -
m ust  be m odelled som ehow and this is not  t r iv ial with the given m odel. There are 
a lot  of opt ions for stor ing new windows, cycles and other behaviour com m on to 
browsing the Web, som e of which would require giv ing up the t ree st ructure. For 
exam ple, if two nodes point ing to the sam e URI  are considered ident ical, using 
the back but ton would create an edge to the parent  node of the current  node. 
Therefore, the docum ent -or ientated m odel is not  even one m odel but  actually  a 
rather general class with a diversit y of possible instances. An in-depth discussion 
of this subject  is beyond the scope of this work. 
Docum ent -or iented m odels m ay provide a very good basis for an intuit ive 
graphical representat ion of a user 's history, as it  is probably close to how users 
perceive their  own browsing behavior.  

� / LQN� 2 ULHQWDWHG�0 RGHOV�  
As the edges in the docum ent -or iented m odel m ay becom e quite "heavy" , an 
alternat ive m ay be using the way a docum ent  is reached (e.g.,  hyperlinks)  as 
nodes, and the actual docum ents as edges. That  way, edges contain only lit t le 
addit ional inform at ion (URI  of the docum ent  should be sufficient )  and the nodes 
can be quite com plex. While this m ay result  in a m ore "natural"  graph ( r ich 
nodes, light  edges) , and solves a few problem s (e.g., m anually enter ing an URI  or 
using a bookm ark can be m odeled nicely as a node to which the result ing 
docum ent  is at tached as an edge) , it  cannot  be used to represent  the m ost  
interest ing st ructures in the Web:  docum ents that  link to m any other docum ents 
can becom e "hubs". Therefore, this m odel is probably not  useful for m ost  
applicat ions. However, it  leads to another  opt ion where both docum ents and links 
are m odelled as nodes:   

� ' RFXP HQW� / LQN�0 RGHOV�  
The synthesis of the previous two m odels is a directed graph where both 
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docum ents and links ( i.e. , t ransit ions between docum ents and events that  cause 
docum ents to be displayed)  are represented as nodes that  are connected with 
sim ple edges. This approach has none of the lim itat ions the previous two 
approaches had and could be used for v isualizing the user history as well as 
analyzing how the Web is used. As the t im e-oriented m odel is sufficient  for the 
present  work and docum ent - link m odels are m uch m ore useful with graphical 
visualizat ions that  are not  within the scope of this work, further work should 
develop actual m odels based on this approach.  

For a m ore in-depth discussion of user sessions and browsing contexts see >. UDXV@.  

The session history is always recorded passively, without  user interact ion. However, for 
pr ivacy reasons the users should be given the opportunity to switch history logging on 
and off and feedback should be provided about  the state of history recording. For 
inform at ion on whether  this feature is im plem ented in current  browsers, see appendix 
%.  

A form at  that  could be used for user sessions is >/ 2 * 0 / @, which is based on >; * 0 0 / @. 
However, this form at  does not  provide m eans to capture the user act ions and thus 
would have to be enhanced significant ly for this purpose.  

� � � � � �%RRNP DUNV�

While the session history is recorded passively, without  user interact ion -  and thus, 
there will usually be a lot  of useless inform at ion recorded -  bookm arks (also known as 
favorites or  hot lists)  are act ively created by the user when he has found a page he 
finds interest ing and that  he thinks he wants to revisit .   

Aside of the locat ion of the docum ent  that  the bookm ark represents, further 
inform at ion m ay be useful for  later ret r ieval:   

� t it le of the docum ent   
� thum bnail representat ion of the docum ent   
� date of bookm ark storage  
� date of last  visit   
� num ber of visits  
� descript ion, keywords, categorizat ion 

One problem  that  occurs in m ult i-user-environm ents is that  of LGHQWLW\ :  with a single 
user, the ident ity of the bookm ark is sim ply given by the docum ent  it  represents. With 
m ult iple users, however,  there m ay be different  addit ional inform at ion, so that  either 
som e concept  of ownership needs to be im plem ented, or m ult iple instances of 
bookm arks to the sam e docum ent  need to be stored (and the relat ionship between 
them  som ehow needs to be stored as well) .  

While bookm arks are usually stored separately from  the history, having bookm arks 
that  are connected to the history m ight  provide som e addit ional context  which can be 
helpful. However, as this is further addit ional inform at ion m aking the bookm ark m uch 
m ore specific,  the problem  of ident ity becom es even worse unless it  is again defined by 
the docum ent  ( that  is two bookm arks point ing to the sam e docum ent  are considered 
equal) .  
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� � � �&RP P XQLFDWLRQ�

I n a system  that  supports collaborat ive Web usage, m ult iple types of com m unicat ion 
can be thought  of. The first  im portant  dim ension to consider is asynchronous YV�
>YHUVXV@ synchronous com m unicat ion. I n DV\ QFKURQRXV� FRP P XQLFDWLRQ, the UHFLSLHQW
receives the m essages independent ly  of the VHQGHU, possibly at  a m uch later  t im e. 
Sender and recipient  need not  be online sim ultanuously, and m essages are stored 
persistent ly.  Typical exam ples are m ail, eMail,  newsgroups and fax m essages. A 
m essage on an answering m achine is also a piece of asychronous com m unicat ion.  

With V\ QFKURQRXV� FRP P XQLFDWLRQ on the other hand, all the part icipants of the 
com m unicat ion need to be present  at  the sam e t im e. Messages are received instant ly 
and usually responded to quick ly. A typical aspect  of synchronous com m unicat ion is 
that  it  is less st ructured than asynchronous com m unicat ion, and the m essages are 
usually m uch shorter. While asynchronous com m unicat ion m ust  be stored persistent ly 
by pr inciple, m ost  synchronous com m unicat ion is not  even suitable for being stored for 
later  review due to its lack of st ructure. I n fact ,  if such synchronous com m unicat ion is 
stored persistent ly and m ade accessible to future recipients, it  autom at ically becom es 
a form  of asynchronous com m unicat ion. Exam ples include face- to- face conversat ions, 
phone conversat ions or online chats.  

Another im portant  dim ension is P RGHUDWHG vs. XQP RGHUDWHG�FRP P XQLFDWLRQ. While the 
com m on form  of com m unicat ion is XQP RGHUDWHG, an interm ediate P RGHUDWRU can 
im prove the quality  of the com m unicat ion by filter ing m essages that  are not  
appropriate for  the given context . Such a m oderator m ay be a hum an being that  gets 
m essages for review, but  it  could also be a software agent  that  filters m essages, for 
exam ple if they contain certain keywords. 0 RGHUDWHG�V\ QFKURQRXV� FRP P XQLFDWLRQ m ay 
have sufficient  st ructure and quality to be stored persistent ly and thus be reused as a 
form  of asynchronous com m unicat ion.  

Another im portant  quest ion concerning com m unicat ion is whether it 's one- to-self,  one-
to-one, one- to-m any or m any- to-m any. For the present  context ,  stor ing notes is also 
considered com m unicat ion. That  is the f irst  case:  RQH� WR� VHOI. These are m essages that  
only the author of the m essage reads. While such com m unicat ion is usually referred to 
as QRWHV, considering this a special case of com m unicat ion provides a good basis for 
integrat ion of or iginally different  things. A m ore typical form  of com m unicat ion is RQH�
WR� RQH, where two people com m unicate with each other . These two form s of 
com m unicat ion can be considered non-public. Pr ivate chats or eMail are typical 
exam ples.  

I f t here is one author and m any recipients, with no or lim ited possibilit ies of t he 
recipients to give the author feedback, that  is called RQH� WR� P DQ\ � FRP P XQLFDWLRQ. An 
exam ple within the context  of a system  for collaborat ive Web usage are notes stored 
on Web pages, that  are publicly v isible. A m ore general exam ple is the publishing of 
Web pages itself.  

A typical exam ple for P DQ\ � WR� P DQ\ � FRP P XQLFDWLRQ are m ailing- lists or newsgroups. 
Within the given system , com m unicat ion within com m unit ies will usually be of that  
nature.  

Finally, and part ly  related, is the VFRSH� RI� FRP P XQLFDWLRQ. While in one- to-self and 
one- to-one, this is rest r icted by the type of com m unicat ion, the inform at ion from  one-
to-m any and m any- to-m any com m unicat ions m ay be accessible to few or m any 
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people. For exam ple, an annotat ion on a docum ent  is usually  an instance of one- to-
m any com m unicat ion. However, it  m ay be visible only to a certain com m unity or to all 
v isitors of the docum ent . I n this respect , one- to-self com m unicat ion can be seen as a 
special case of one- to-m any com m unicat ion, where the scope is only the author 
him self.  

� � � �&DWHJ RUL] DWLRQ�

I n a system  for  collaborat ive Web Usage, categorizat ion plays an im portant  role in 
m any of the subsystem s. A very good way to keep bookm arks usable is put t ing them  
into categories. I f the num ber of com m unit ies exceeds a certain threshold, only 
categorizat ion of com m unit ies will help the user find a com m unity he is looking for (or 
finding out  that  com m unity does not  exist ) . Finally, if m essages are stored persistent ly, 
com m unicat ion will be m uch im proved by allowing the user (autom at ically)  put t ing the 
m essages into folders, which are in fact  again:  categories.  

A part icular problem  that  has to be solved in a m ult i-user environm ent  is that  there 
m ay be a lot  of categories, possibly too m any for a single user  to keep up with. 
Furtherm ore, often there are different  ways of categorizing the sam e things -  often 
m ore a m at ter of taste than som ething that  can be decided once and for all.  Thus, a 
m echanism  is needed to reduce the cognit ive overload with too m any categories for a 
single user while st ill allowing every user to access every category if they need to. I n 
part icular, if different  ways of categorizat ion exist , it  m ust  be possible to have the 
coexist  without  confusing users.  

A solut ion to this problem  is keeping a general t ree (or possibly a general graph)  that  
includes all categories of all users, and user specific views that  include only a subset  of 
the general t ree. I f a user adds a category, he needs to decide where it  belongs in this 
general t ree ( that  is,  which is the parent  category of the new category) .  Thus, 
consistency is assured as it  is not  possible to add categories without  awareness of the 
context  (unfortunately, this does not  prevent  users from  accidentally  or intent ionally 
put t ing categor ies where they do not  belong) .  I t  m ay be useful to allow the sam e 
category having m ult iple parent  categories (breaking up the t ree st ructure into a m ore 
general graph) .   

This general t ree m ay grow to any com plexity.  For  each user,  however,  there is a 
subset  of this general large category t ree, that  only includes those categories that  the 
user is interested in.  

From  the perspect ive of datast ructures, this m eans that  in addit ion to the general t ree, 
the user configurat ions need to be stored. The user specific t ree configurat ion does not  
contain any categories -  only whether or not  a category from  the m ain t ree is displayed 
below a specif ic parent  category. I t  is im portant , however,  that  it  is not  only possible 
to hide subt rees, but  also paths. That  way, it  is possible to hide a com plex st ructure 
while st ill providing access to a category anywhere within that  st ructure.  

Furtherm ore, the item s stored under a given category & m ay be visible to it s parent  
category '  if & is hidden ( inheritance of a category's item s to it s parent  category) . 
That  way, all item s are always available. However, hiding item s with their  categories 
m ust  also be possible ( this depends on the part icular use case) .   

With such a special t ree, addit ional act ions are required, while in com m on t rees, there 
are only three interest ing act ions:  select  an item , show children and hide children. For 

38Towards an Integrated Approach to Collaborative Web Usage



the m ult i-user- t ree, the following addit ional act ions need to be defined:   

� + LGH� 1 RGH� DQG� LWV� 6 XEWUHH�  Hides a node (e.g., category)  and all it s ancestors 
from  the v iew. I f the edge is store (parent  node and node) ,  this can be used to 
hide a category in one place while keeping it  below another category.  

� 6 KRZ � DOO� 1 RGHV�  This is the reverse act ion to the previous act ion. As hidden 
nodes cannot  be selected, only their  parent  nodes can be selected and all their  
children be put  back to v iew. Depending on the user interface im plem entat ion, a 
m ore convenient  m ethod could be som e sor t  of popup m enu that  allows select ion 
of the desired node from  a list  of all hidden nodes of a given parent  node.  

� + LGH� 1 RGH� DQG� LQKHULW� &KLOGUHQ�  This can be used to f lat ten a deep t ree. The 
node itself is hidden and all it s children are shown as children of the node's 
parent  node. However, the Z HLJKW of the parent  node m ay be significant ly 
decreased this way. One consequence of the availabilit y of this act ion is that  the 
t ree should be designed as deep as possible, with only few children for each 
node. While flat tening such a t ree is very easy with this feature, m aking a flat  
t ree deeper is not  possible.  

� 6 KRUWFXW� 3 DWK�  While in the previous act ion, all children of the hidden node are 
added to the node's parent  node, this only adds a specific child.  I f repeatedly 
done, this allows rem oving com plexity signif icant ly, m aking a dense and r ich t ree 
very sparse.  

� , QKHULW� � � + LGH� , WHP V� RI � , QYLVLEOH� &DWHJ RULHV�  A dist inct ion m ust  be m ade 
between categories and the it em s that  belong to these categories. I f this 
dist inct ion is m ade, it  is possible for each node that  is hidden, to either  hide or 
include the item s belonging to the category represented by that  node. With 
shortcut  paths, it  is necessary to allow inher it ing it em s over m ult iple levels.   

For the usage of such a categor izat ion in a system  for collaborat ive Web usage, it  m ay 
be useful to allow users using the v iew configurat ion of their  fellows. That  way, they 
can profit  of the effort  others have put  into custom izing their  categories.  

Furtherm ore, default  profiles could be provided with com m unit ies, so that  each 
com m unit y could have its own categories while st ill being com pat ible with both its 
m em bers's categories as well as the global set  of categories (of which the m em ber's 
categories are a subset ) . That  way, a user could choose between the personal profile of 
him self or one of his fellows, and a public profile of one of the com m unit ies he is a 
m em ber of.   

Future work m ay elaborate further on this, as researching this new approach to 
com m unit y- t rees was not  a pr ior it y of this thesis.  

� � � �3 ULYDF\ �DQG�6 HFXULW\ �, VVXHV�

As the system  is intended to capture a lot  of inform at ion of and about  it s users, pr ivacy 
is a m ajor concern. I n this sect ion, the problem  is generally discussed without  going 
too m uch into details or solut ions of the problem s int roduced. Privacy and security 
form  an own scient if ic discipline which lies beyond the scope of this work -  the sect ion 
is included to point  out  the relevance of this discipline to the present  work.  

While a m axim um  protect ion of pr ivacy m ay be an im portant  cr iter ion for m any users 
(see >3LWNRZ @), this conflict s with the intent ion of m aking the Web m ore personal and 
support  collaborat ive Web usage. Thus, the challenge in this issue is balancing the 
protect ion of pr ivacy with the display of personal inform at ion. One dim ension of this is 
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how m uch data is available about  each user to which other  users. >7HUYHHQ@ suggested 
let t ing the users progressively reveal m ore about  them selves, while they get  to know 
the fellow users bet ter  ( this is com m on pract ice with dat ing services) .  

Another, but  m ore fundam ental, dim ension is the architecture of the system , which has 
a m ajor effect  on the applicabilit y of pr ivacy concerns. I f data is captured and stored 
on the clients alone, pr ivate data stays on pr ivate com puters and as long as no one 
gets access to the com puter,  no pr ivacy problem  arises. This approach has been 
followed for  instance by >/ DXUHQW@. However, collaborat ion can only take place if users 
exchange their  data via other m edia (e.g., eMail or Web pages)  -  which is cum bersom e 
in this approach. I n fact ,  such a system  does not  support  collaborat ion by itself, at  all.   

A bet ter solut ion is captur ing and stor ing the data at  som e place that  is only accessible 
by the team  involved in collaborat ion. That  way, the team  m em bers can only access 
other team  m em bers' data. Of course, the team  m em bers m ust  have a t rusty 
relat ionship. I n this scenario, pr ivacy issues do ar ise -  however, it  is an environm ent  
which is relat ively easy to cont rol and find consensus in, about  m easures against  
m isuse of the data. A disadvantage is that  team  m em bers can only use the system  
within the given boundaries.  

The m ost  challenging architecture is a system  that  can be accessed from  anywhere on 
the I nternet .  This does have som e advantages:  team s m ay connect  from  all over the 
world, users can use their  accounts from  all over the wor ld -  a lot  m ore people use the 
system  and thus a lot  m ore inform at ion is available. Som e possible features (e.g., 
collaborat ive filter ing or synchronous com m unicat ion with people on the sam e Web 
page)  only m ake sense or even only are possible with a very large user base, which 
can only be at tained in such an environm ent . However, pr ivacy issues becom e a m ajor 
concern with that  architecture. Not  only m ust  it  be secured well against  hackers which 
m ay steal and m isuse the data (which is m uch harder when the system  resides behind 
a firewall) .  The intended usage is also problem at ic, as m ost  users will not  know 
anything about  the other users.  

I n >%HOORWWL@, a very useful design fram ework is given, which is based on FRQWURO and 
IHHGEDFN. 8 VHUs should be able to cont rol what  inform at ion about  them  becom es 
available to which other users and when inform at ion is being captured, the users 
should be provided with feedback on this. A system  for collaborat ive Web usage m ust  
im plem ent  m echanism s that  allow its users to cont rol all data that  becom es available 
about  them . To a certain extent , forcing a user to explicit ely  grant  other users access 
r ights already provides him  with feedback about  what  others can find out  about  him . 
Further feedback (e.g., if som eone actually  views the available inform at ion)  is probably 
not  needed unless users forget  about  their  own set t ings after som e t im e.  

This sect ion illust rates that  the architecture plays a m ajor role when pr ivacy and 
security concerns shall be discussed. I n fact , there are m any ways to build a system  
for collaborat ive Web usage, and depending on a chosen architecture, sets of features 
are possible or im possible. Therefore, the next  sect ion deals with possible architectures 
of which one is chosen. After that , a set  of features for a prototype built  on that  
architecture is discussed.  
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� �3 RVVLEOH�6 \ VWHP �$ UFKLWHFWXUHV�

This sect ions discusses the opt ions for an architecture of the system . There are 
basically two logical units for which decisions have to be taken. The first  logical unit  is 
called VHUYHU, as it  is responsible for collect ing, keeping and dist r ibut ing the data 
required for collaborat ion. The m ajor  cr iter ion such a server m ust  sat isfy is the abilit y 
to collect  data on where on the Web a part icular user is current ly located. This also 
includes the abilit y  to create a history of t he user 's act ion on the Web. Keeping and 
dist r ibut ing the data is m uch sim pler  and m uch m ore com m on to servers, and thus 
needs less at tent ion.  

The second logical unit  is term ed FOLHQW. Depending on the choice m ade for the server, 
there m ay be no part icular cr iter ia for the client  -  in fact , som e of the server cent r ic 
opt ions require no part icular client  im plem entat ion at  all.  However, data can also be 
collected on the client  -  and it  turns out  that  this is even m uch m ore useful. I n that  
case, clients can im plem ent  the required server funct ionality  which leads to peer- to-
peer system s. However, peer- to-peer architectures are included in the server cent r ic 
approaches as the im plem ented funct ionality is typical for  servers.  

I f a client  cent r ic approach has been chosen, the m ajor decision that  m ust  be taken is 
how that  client  is technically im plem ented. Am ong other things, the client  m ust  
im plem ent  com m on browser funct ionality , and thus a few possibilit ies to achieve that  
are int roduced.  

A m ajor design goal is to m ake using the system  as easy, com fortable and 
unobst rusive to the user as possible. Furtherm ore, the current  locat ion of the user  on 
the Web needs to be determ ined exact ly . The current  locat ion is required for  any 
funct ionality where users who concurrent ly browse the Web shall collaborate (e.g., 
synchronous com m unicat ion with people on the sam e Web page or Web site) .   

As system  architecture is m uch easier to understand with visual illust rat ions, m ost  
opt ions are discussed based on deploym ent  diagram s from  the UML vocabulary. UML 
has been chosen because it  is the de facto standard for expressing system  architecture 
and the vocabulary is sim ple but  st ill sufficient  for the given purpose.  

Som e of the following approaches (except  peer- to-peer and m etabrowser)  are also 
discussed in >0 DUDLV@, >&DEUL@, >3LWNRZ @, and >6ULYDVWDYD@.  

� � � �2 SWLRQV�I URP �D�6 HUYHU�&HQWULF�3 HUVSHFWLYH�

First ly , four opt ions are int roduced, which can be considered server cent r ic. That  is, a 
perspect ive is taken where data collect ion is seen from  the server.  This perspect ive has 
som e im plicat ions on the solut ion which will be discussed at  the appropriate place. A 
m ore client  cent r ic perspect ive is subject  of the following sect ion.  

� � � � � � : HE�6 HUYHU� �7KH�6 RXUFH�RI �&RQWHQW�

As all Web servers store access logfiles, which could be used to infer usage data as 
described in chapter � � � � � ,  locat ing a server for the system  r ight  on a Web server 
com es to m ind. This m ay also sim plify stor ing, m anipulat ing and including annotat ions 
to the docum ents, as they are easily  accessible on the locat ion where they are stored, 
a reason why som e of the solut ions int roduced in chapter � � � � �  follow this approach.  
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As figure � � � � �  illust rates, in addit ion to the HTTP server the com ponents required for 
the funct ionality  of the collaborat ion system  are installed on the Web server m achine. 
No m odificat ions are required on the m achines of the users of the system .  
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The m ajor lim itat ion of this approach is that  it  can only be used with a very lim ited part  
of the Web -  nam ely the content  that  is served by the Web server where the system  is 
installed. While this m ay be acceptable in certain environm ents (e.g.,  students 
part icipat ing in a lecture, where collaborat ion is only supposed to take place concerning 
the lecture m ater ials stored on the server) , it  does not  fit  the decent ral nature of the 
World Wide Web. Even in the environm ent  given as exam ple in the previous sentence, 
this lim itat ion becom es apparent  as soon as the lecture m ater ial links to pages on 
external servers.  

One possible extension to this approach would be a system  that  can and will easily  be 
installed on m any different ,  possibly related Web servers. I f such a system  would reach 
a certain acceptance and be spread widely on the Web so that  m any servers accessed 
(e.g., Web servers of m any Universit ies)  do in fact  support  this kind of collaborat ion, 
the lim itat ion would be overcom e. However, it  is not  very probable that  such 
acceptance is reached. Adm inist rat ion of Web servers already is a com plex task, and 
adding such a system  would probably be vetoed by m ost  server adm inist rators. This 
would be a Web server based approach enhanced with peer- to-peer services as 
discussed in chapter � � � � � .   

Finally, the data collected in logfiles m ay not  be sufficient ly  exact  concerning the 
current  locat ion of users on the Web. For exam ple, if a user clicks the back but ton, he 
leaves the docum ent  he is current ly visit ing, without  not ificat ion to the server. Thus, 
the server st ill t reats the user as if he st ill was on that  page (e.g., show the user as a 
current  v isitor , potent ially send m essages from  a chat  about  that  page to the user) . 
Even worse:  The previously viewed docum ent  is usually recovered from  the browser 's 
cache, so the server is not  not ified with the new locat ion. This would prevent  any sort  
of synchronous collaborat ion taking place on any of the docum ents ( the or iginal 
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docum ent  as well as the docum ent  reached by clicking the back but ton) , and the 
problem  occurs with docum ents cached at  the browser as well as with docum ents 
cached at  an interm ediary proxy.  

� � � � � �3 UR[ \ � �6 RP H�, QWHUP HGLDU\ �

I n this approach, instead of having the com ponents of the system  on one Web server, 
they are located on a proxy server. This solut ion has also been used for annotat ion 
system s as described in chapter � � � � � .  I t  rem oves the m ajor lim itat ion of the previous 
approach because all docum ents ret r ieved through the proxy ( that  is all docum ents the 
user ret r ieve)  are autom at ically included, not  only those of a specific Web server.   

The architecture looks quite sim ilar to the previous approach as can be seen in figure 
� � � � � .   
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While in the previous approach all users accessing the given Web server could take 
advantage of the installed system , in the proxy-based approach only those with access 
to the proxy could use the system . Whether  or not  this is an advantage depends on 
what  the system  shall be used for :   

I f collaborat ion shall take place am ong a group of people that  accesses the I nternet  
from  a com pany behind a firewall,  for exam ple, and all the people who shall collaborate 
are behind that  sam e firewall, the proxy can also be installed behind the f irewall. That  
way, the users and their  data are protected from  access outside of the firewall,  which 
is a m ajor increase of pr ivacy and security.  

However, if  people from  different  locat ions and networks need to collaborate, this m ay 
be a rest r ict ion. The system  could be installed accessible from  anywhere on the 
I nternet , so theoret ically , t he problem  could be solved. However, if som e of the users 
are behind a firewall that  allows accessing the I nternet  only via its own proxy, they 
cannot  use the system  at  all.   
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Another disadvantage of this approach is that  the Web browsers of clients m ust  be 
configured to use the proxy, and just  like with Web servers, m any of the events that  
m ay be interest ing cannot  be captured (e.g., usage of the back but ton) .  While there is 
no caching of docum ents on other proxies ( if there are no addit ional interm ediary 
proxies between the collaborat ive proxy and the client ) ,  the problem  with browser 
caches rem ains and therefore, the current  locat ion of the user cannot  be determ ined 
with sufficient  accuracy.  

� � � � � �&OLHQW� �3 HHU� WR� 3 HHU�

While in peer- to-peer system s, no dedicated server exists -  and thus this opt ion m ay 
be expected in the following sect ion (chapter � � � ) ,  it  is located here because it  deals 
with dist r ibut ing the data and can be used as an extension to the previous two 
approaches. Furtherm ore, it  is seen as the com plem entary of the independent  server 
int roduced in chapter � � � � � .   

I n the peer- to-peer approach, the data is dist r ibuted am ong m any nodes and each 
node only stores the data it  is UHVSRQVLEOH for . I n the diagram  shown in figure � � � � � ,  
this is the data specific to a user  -  as the SHHUV are the user 's clients, located on the 
user 's m achines.  
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A sim ilar architecture can also be used to overcom e som e of the problem s of the 
previous approaches. For exam ple, if  m any Web servers are enhanced with a system  
for collaborat ion, the collaborat ion system s m ay com m unicate and exchange data 
about  the com m unit ies, users, and so on. I f a user m oves from  one Web server , t o 
another one, the system s m ay keep t rack with the user and thus assure cont inuity in 
sessions that  exceed the boundaries of a single system .  

I f m any proxies would interact  in a peer- to-peer- like m anner, they m ight  be configured 
to pass firewall boundaries that  users are not  allowed to pass (e.g., the system s m ay 
com m unicate via HTTP, possibly through firewall-proxies) . Each node could be 
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responsible for the users accessing the I nternet  v ia that  node, and that  way, users 
from  different  dom ains m ay collaborate.  

I n sum m ary, the peer- to-peer architecture can be used on different  levels,  enhancing 
approaches that  are very lim ited otherwise.  

One disadvantage is that  such a system  is m uch m ore com plex than cent ralized 
system s. For exam ple, if there are only system s installed at  the clients, these system s 
som ehow need to find out  about  their  peers. One way of achieving this -  which m ay 
also be interest ing from  the pr ivacy and security  perspect ive -  is only allowing access 
to and from  other system s that  the user has explicitely given to the system . For 
exam ple, a user $  m ight  enter the I P adress of a peer system  (of user %) . User % then 
gets not ified and has to grant  access perm issions to $ .  

A m ore com fortable solut ion is having a m ediator server that  all clients register with, 
as shown in figure � � � � � .  Clients only need to know the m ediator server  and can then 
provide the user with inform at ion about  all other users registered with the sam e 
m ediator server. This im proved com fort  com es at  the pr ice of less secured pr ivacy 
because the m ediator server m ay store inform at ion about  it s users. Even if that  
inform at ion is just  t hat  a collaborat ive system  is installed on the given client , special 
care m ust  be taken that  no pr ivate data is stolen from  the client  it self.  

I f such specialt ies are taken into account , peer- to-peer system s m ay however be the 
best  solut ion to ensure pr ivacy. No personal data needs to be stored on cent ral 
servers, and the data m ay only be sent  to other system s when the user explicitely 
allows sending the data. I f it  was not  for t im e const raints concerning the 
im plem entat ion, this would be the preferred opt ion from  the server perspect ive. For 
pragm at ic reasons, the architecture is based on the m uch sim pler solut ion:  a single 
independent  server .  

� � � � � � , QGHSHQGHQW�6 HUYHU�

The opt ion com plem entary to the peer- to-peer solut ion is an independent  server. Such 
an independent  server cent rally collects, stores and dist r ibutes all data relevant  to the 
system . As such, it  m ay be a m ajor concern to people worrying about  their  pr ivacy. 
However, the independent  server is m uch easier to im plem ent  and has none of the 
disadvantages given for  im plem entat ions on proxies or Web servers, except  possibly 
the problem  m ent ioned with firewalls in chapter � � � � � .   

The basic idea of that  architecture is illust rated in figure � � � � � ,  and close inspect ion of 
that  diagram  also shows the m ajor lim itat ion of that  approach:  an independent  server 
on its own has no m eans of collect ing Web usage data. While with proxies and Web 
servers, the data is accessible at  the server it self, an independent  server is dependent  
upon a com ponent  that  feeds it  with data on the current  locat ion and/ or history of it s 
users.  

This again illust rates how the independent  server is on the sam e abst ract  level as the 
peer- to-peer solut ion, which is m ore general than Web server  and proxy based 
approaches. The independent  server could get  it s usage data from  m odified Web 
servers or proxy servers. The actual system  would then reside on the independent  
server, while the m odificat ions on Web or proxy servers are m inim al (e.g., let t ing the 
independent  server  access the logfiles) .  

The preferred solut ion -  due to the rest r ict ions in Web server  and proxy based 
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approaches, however, is that  already shown in figure � � � � � :  a com ponent  residing on 
the client ,  which collects the data and sends it  to the server. While this answers the 
quest ion, who is responsible for collect ing, stor ing and dist r ibut ing the data ( the 
independent  server) ,  a new quest ion needs to be handled:  how is this data collected on 
the client .  This is the subject  of the next  sect ion.  
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� � � �2 SWLRQV�I URP �D�&OLHQW�&HQWULF�3 HUVSHFWLYH�

I f data is not  collected on a Web server or proxy, it  som ehow needs to be collected on 
the client .  Four opt ions of how this can be achieved are discussed in this sect ion.  

� � � � � �&XVWRP �%URZ VHU�, P SOHP HQWDWLRQ�

A custom  browser im plem entat ion would be the solut ion with the best  possibilit ies of 
captur ing data and integrat ing the var ious aspects of collaborat ion. The browser could 
com m unicate with an independent  server as shown in figure � � � � � ,  or im plem ent  a 
peer- to-peer com m unicat ion m odel as shown in figure � � � � � .  All features could be 
provided under an integrated user  interface tailored specifically to the purpose of 
collaborat ive browsing on the I nternet .   

A very obvious disadvantage for the users, however, is that  they have to install a new 
piece of software (which m ay not  even be possible in certain environm ents)  and they 
also have to learn using that  new software. I f they have a favorite Web browser, they 
are unlikely to change their  habit s and use a new system  instead.  

Furtherm ore, im plem ent ing a custom  browser is a very com plex and challenging task, 
which is way beyond the scope of the present  work. Rendering HTML is a very com plex 
task already, let  alone handling of scr ipt ing languages, style sheets and providing an 
interface for com m only used plugins. Furtherm ore, the Web is a very quickly evolving 
technology, and thus a custom  browser would have to be updated regular ly to keep up 
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with these changes. Even though external com ponents could be used im plem ent ing 
som e of the features, a com plete browser st ill requires a lot  m ore t im e than is 
available (and som e of these com ponents are quite expensive) .  

� � � � � �3 OXJ LQ�I RU�( [ LVWLQJ �%URZ VHU�

The im plem entat ion effort  is significant ly reduced by only im plem ent ing the addit ional 
funct ionality the collaborat ive system  requires as a browser plugin. This also solves the 
problem  that  users would have to learn a new interface.  

One disadvantage of the previous approach rem ains, however:  installat ion on the client  
is required, and this m ay not  be possible in certain environm ents. Furtherm ore, 
browser-plugins are usually just  for enhancing the types of m edia that  can be viewed 
with the browser. A system  for collaborat ive Web browsing m ay require access to the 
browser which the plugin interfaces do not  support  (e.g., persistence over m ult iple 
docum ents) .   

� � � � � �3 DUDVLWH�WR�DQ�( [ LVWLQJ �%URZ VHU�

One very interest ing opt ion has been used by >0 DUDLV@ (see chapter � � � � � ) .  The idea is 
accessing a browser (e.g., Netscape or I nternet  Explorer)  via a published API . This 
provides m ore cont rol than using a plugin, and it  is m uch easier to keep a persistent  
state over var ious sessions. Basically, the browser could be used for  rendering the 
HTML pages and the collaborat ive features could be im plem ented by the parasite.   

One m ajor problem  with this approach, however, is that  such an API  m ust  be 
supported both by the operat ing system  and browser im plem entat ion. While such an 
API  is available under recent  versions of Windows, it  is propr ietary and m ay change in 
future versions of the operat ing system . Furtherm ore, rest r ict ion to the Windows 
plat form  is not  acceptable because in the academ ic environm ent  where the system  is 
tested, Linux is m uch m ore com m on. Therefore, this opt ion is also cancelled.  

� � � �6 HOHFWHG�$ UFKLWHFWXUH� �0 HWD� %URZ VHU�DV�: HE�
$ SSOLFDWLRQ�Z LWK�, QGHSHQGHQW�6 HUYHU�

A new approach is needed, as all the previous opt ions are either incom plete or fail t o 
m eet  the cr it er ia:  ease and com fort  for the users of the system  and exact ly 
determ ining the current  locat ion of the user in the Web. This approach will be 
described m uch m ore in detail,  including som e specific technical issues, because the 
approach im plies som e ( technical)  quest ions which m ust  be answered before the 
approach can be accepted as the preferred solut ion.  

The idea is to im plem ent  the user interface of a Web browser in HTML and JavaScript  
on top of any com m on Web browser, the Web pages m aking up the user inter face 
being served as a Web applicat ion by an independent  collaborat ion server.  Thus, the 
user can use his favor ite browser and needs not  install any addit ional software. 
However, as the HTML user interface replaces the user interface of the Web browser, 
all browsing events can be captured. The user can easily choose between t racked 
sessions and non- t racked sessions by sim ply opening a new ( "clean")  browser window 
for non- t racked sessions.  

To start  a t racked session, the user  only needs to open a start -page, which can easily  
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be bookm arked. This start -page is served by the collaborat ion server which also acts 
as proxy for the content  relevant  to collaborat ion. After logging in (which is required 
for the collaborat ion features) ,  the system  is star ted by opening a new browser window 
and loading a special fram eset  that  m im ics a browser 's user interface, as described 
below.  

The architecture of such a system  is shown in figure � � � � � � � .  Note that  the proxy-
server com ponent  is called SDJH� SURFHVVRU in the system , as its m ain responsibilit y is 
processing the docum ents ( it  also ret r ieves and forwards them , j ust  like a proxy, but  
this is not  what  m akes this com ponent  special) .  

By using HTTP as com m unicat ion protocol between client  (m eta-browser)  and server , 
there are also no problem s with firewalls. Even if HTTP proxies are located between the 
Web browser and the system  server, no problem s are to be expected as the whole Web 
applicat ion is served via standard HTTP -  j ust  like any other set  of Web pages. I f a user 
decides that  he will use the system  as default , he can use the system 's star t -page as 
the browser 's hom e page. While com m on usage of the system  does not  require any 
browser configurat ion, set t ing a new hom e page can be seen as configurat ion effort  -
but  it  is sim ple and opt ional.  

/�� ,"+"%(��0"
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The presentat ion required for browsing is sim ply a browser window without  any 
navigat ion cont rols containing three fram es. The upper, fixed size fram e contains a 
com binat ion of HTML and JavaScript  to m odel the navigat ion user interface of the Web 
browser. This will be referred to as QDYLJDWLRQ� IUDP H. I t  includes:  a text field for 
enter ing URI s, back and forward but tons, a but ton for  opening new windows and 
bookm ark cont rols (adding bookm arks, opening bookm arks etc.)  and cont rols specific 
to the system  for collaborat ive Web usage (e.g., for organizing com m unit ies, accessing 
com m unicat ion features and logging off) . The center fram e contains the actual content  
of the Web pages viewed by the user . I t  is referred to as FRQWHQW� IUDP H and m ay 
contain any num ber of sub- fram es, depending on the actual Web content . The content  
fram e is equivalent  to the area of a norm al browser, which is used to display the Web 
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docum ents. Finally,  there is an RULHQWDWLRQ� IUDP H in the lower part  of the window. An 
exam ple of what  such a m eta-browser m ay look like is given in figure � � � � � � � .   

When the user clicks on a link in a docum ent , instead of direct ly sending the request  to 
the or iginal server,  a lit t le JavaScript  m ethod is called which does the following:   

1. Update the locat ion text field in the navigat ion fram e (where the URI  of the 
current ly  displayed docum ent  is shown) .  

2. Send a request  to the independent  collaborat ion server,  with the URI  of the 
requested docum ent  as param eter.   

3. The collaborat ion server, act ing as a proxy forwards the request  to the or iginal 
server.  

4. Unlike a com m on proxy, the collaborat ion server m odifies the response from  the 
or iginal server so that  all links will behave as required (not  get  the contents from  
the or iginal server, but  update the locat ion text f ield, send request  to collaborat ion 
server etc.)  This is called 8 5 , �UHZ ULWLQJ, and by doing this,  the client  needs not  be 
configured to use the proxy. I nstead, the proxy is used for a specif ic fram e (or 
window)  from  the m om ent  the first  processed page is displayed at  the client  
(which happens at  the startup of the system )  and unt il the first  non-processed 
page is shown.  

5. The (m odified)  response is displayed in the content  fram e or one of it s 
subfram es.  

This behavior is t ransparent  to the underly ing Web browser and its user.   

/�� ,"+"%(��0"
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To allow the user opening the link in a new window, an icon displaying a window can 
be added behind the actual link. When the user clicks on the icon, an new system -
window is opened, displaying the requested docum ent  in it s content  fram e. Another 
opt ion that  m ay work with som e browsers is m odifying the popup m enues via 
JavaScript .   

This solut ion has another m ajor advantage:  only the linked HTML- files go through the 
page processor, reducing server- load by using a m ore dist r ibuted approach (unlike a 
custom  proxy-server im plem entat ion which m ight  run into perform ance problem s) . The 
URI s of resources like im ages and sound files are not  rewrit ten and thus direct ly loaded 
from  the or iginal server . However, with the sam e architecture, features like blackboard 
capabilit ies for im ages could be im plem ented by extending the page processor so that  
it  handles <i mg> tags to provide blackboard capabilit ies as it  was done in >&DEUL@.  

Obviously, special care m ust  be taken when pages with fram es are displayed. For 
exam ple, a page that  should be displayed in a subfram e cannot  be handled by sim ply 
put t ing it  into the content  fram e because that  would dest roy the fram eset . Also, links 
in the content  that  close the fram eset  by using " _t op"  would dest roy the navigat ion 
fram e, if  the target  was sim ply forwarded. I f new windows are opened, they m ust  be 
wrapped into our system  so that  t racking does not  break. However, this approach also 
allows bookm arking any state of such a fram eset ,  which is a m ajor advantage 
com pared to browser 's bookm ark capabilit ies. Furtherm ore, while fram esets usually 
have a single t it le for all states, the system  allows changing the t it le while browsing 
within the fram eset  (e.g., the or iginal t it le plus the nam e of the hyperlink the user 
clicked on) .  

The m ajor lim itat ion of this architecture is that  not  all Web pages are suitable for being 
m odified in the required m anner. I n part icular,  Web pages using JavaScr ipt , Java, 
Flash or other non-HTML based approaches for navigat ion. While with JavaScript  -  at  
least  in theory -  rewrit ing the relevant  URI s and parts of the JavaScript  code m ay be 
possible, the binary form ats of Java and Flash m ake this m ore or less im possible. As 
the system  is targeted to an academ ic environm ent , where such navigat ions are 
expected to be less com m on than in the com m ercial parts of the Web, this shortcom ing 
is considered to be outweighed by the advantages.  

Another open but  less serious problem  is how links from  external sources (newsgroup 
art icles, eMail)  are handled. I f t he user copies the URI  into the locat ion f ield, it  works -
if the user direct ly clicks on the link, it  does not  work. For this, drag and drop of 
hyper links would be a desirable feature. Even bet ter would be integrat ing a newsreader 
and eMail-client  into the system  -  but  that  is beyond the scope of the present  work.  

A very detailed descr ipt ion of the im plem entat ion of this architecture is subject  of 
appendix $ � � .  
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� � ) HDWXUHV�I RU�D�3 URWRW\ SH�

I n this sect ion, the features of a system  called WHDP ; Z HE are described. WHDP ; Z HE is a 
prototype that  is used in experim ents to f ind out  about  the usabilit y and usage of a 
system  to support  collaborat ive usage of the Web. These features were or iginally 
defined in previous work (>: DJQHU� � � � @) , this updated sect ion describes the actual 
im plem entat ion.  

The or iginal nam e of the prototype was 7HDP : HE, but  a search for the term  7HDP : HE
on Google >KWWS� � � Z Z Z �JRRJOH�GH@ returns about  5,000 pages. With the keywords 
7HDP : HE, : HE, XVDJH and FRRSHUDWLYH respect ively FROODERUDWLYH st ill 7 respect ively 12 
hits are returned, three of the lat ter sam ple are pages of the or iginal project 's Website, 
though. The other hits link to organizat ion's Web team s that  are responsible for  the 
organizat ion's Web presence, independent  Web design com panies, Web sites about  
Web design. NetObjects has an architecture called 1 HW2 EMHFWV� 7HDP : HEŒ which is 
used to support  collaborat ive creat ion of Web sites >1 HW2 EMHFWV@.  

Thus, the nam e has been changed to WHDP ; Z HE, the ;  indicat ing that  this is m eant  as 
the cross-product  of team  and Web. The new nam e seem s to be unique -  at  least  a 
search on Google >KWWS� � � Z Z Z �JRRJOH�GH@ returns no results, which is a very reliable 
indicator  that  the term  is not  used at  all,  anywhere on the Web. The pronounciat ion 
rem ains the sam e, however -  the ;  is silent ...   

� � � �&RP P XQLWLHV�

The key concept  for WHDP ; Z HE are com m unit ies. The term  FRP P XQLW\  has been 
chosen instead of JURXS to point  out  the broader sense in which the term  can be used. 
A m ore in depth discussion of com m unit ies was subject  of chapter � � � .  I n the 
prototype, com m unit ies are im plem ented as sim ple groups of people, and thus the 
term  is used interchangeably in this sect ion.  

&RP P XQLWLHV are sets of people, for instance a team  working on a part icular project . 
Such groups can be created by users, and other users can join or leave the group at  
any t im e. For enhanced security and com fort  VHFUHW� JURXSV are added, which can only 
be j oined if their  nam e is known and are not  displayed in the com m unity overview. 
Furtherm ore, it  is possible to FORVH� JURXSV ( i.e.,  m ake it  im possible to j oin or leave the 
group for all users) . However, the com m unity m ay st ill be visible to others. Finally, 
VXEJURXSV are only visible to m em bers of their  parent  groups. This allows a sort  of 
hierarchy, and in conjunct ion with the closed groups, a certain flexibilit y to part it ion 
the user base, which is also a useful feature for the experim ent .   

Another type of com m unity in the prototype are Web site respect ively Web page 
related com m unit ies. Such com m unit ies exist  for each Web site and Web page, and 
users autom at ically  j oin and leave these com m unit ies when they enter or leave the 
Web site or  Web page in quest ion. Using com m unit ies for this also allows using all t he 
features available to com m unit ies for Web sites and Web pages -  in par t icular 
com m unicat ion (see also chapter � � � )  and com m unity stat ist ics ( i.e.,  who is current ly  a 
m em ber, who was a m em ber before, see also chapter � � � ) .  This is one of the posit ive 
aspects of integrat ion in the system .  

To support  collaborat ion between com m unit y m em bers while at  the sam e t im e 
providing a high security  for each user 's pr ivacy, users can give perm issions to each 
com m unit y. This gives them  FRQWURO as it  has been discussed in chapter � � � .  As default ,  
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none of these perm issions are set . I t  m ay be useful to allow users changing this 
default , or -  if the r ights m anagem ent  gets m ore com plex -  choose am ong different  
presets for different  secur ity levels.  

I n the prototype, there are user profiles where users can give inform at ion about  
them selves. While users can choose login nam es that  are com pletely unrelated to their  
real nam e and thus have a certain level of anonym ity, the atm osphere can be m ade 
m ore personal by using those profiles. However, whether other com m unity m em bers 
m ay see that  profile or not  is the first  perm ission that  m ust  explicitely set  for each 
com m unit y the user is a m em ber of.  

The second perm ission is whether or not  other m em bers m ay see the user 's 
bookm arks that  are described in m ore detail in chapter � � � .  I n the bookm arks window, 
the user can select  each com m unity he is a m em ber of,  and all bookm arks of all 
com m unit y m em bers that  have given that  perm ission will be m erged. I t  is also possible 
to view the bookm arks of an individual m em ber of a com m unity that  has given that  
perm ission. I n the first  prototype, this applies to all bookm arks. However, this is 
considered a m ajor lim itat ion and in future versions, it  should be possible to assign this 
perm ission per bookm ark category. Thus, users can m ake their  bookm arks available to 
different  com m unit ies according to the com m unit ies' interests and according to the 
user 's feeling of which bookm arks he wants to keep pr ivate and which he wants to be 
public.  

The sam e applies to the XVHU�VHVVLRQs in the VHVVLRQ�KLVWRU\  (explained in chapter � � � ) ,  
which is the third perm ission that  can be set . As all of the QDYLJDWLRQ�EHKDYLRU of a user  
is captured in his VHVVLRQ� KLVWRU\ , this is the m ost  sensit ive inform at ion. Only allowing 
users to set  this perm ission for all XVHU� VHVVLRQs, or none is an even m ore severe 
lim itat ion than with bookm arks. However, the prototype had to be as sim ple as 
possible and in the testbed of the experim ent ,  the user base is sm all enough and users 
are aware enough that  this issue can be accepted. Furtherm ore, it  could be worked 
around by using different  users for different  browsing tasks.  
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� � � �6 HVVLRQ�+ LVWRU\ �

The VHVVLRQ� KLVWRU\  is the list  of all XVHU� VHVVLRQs, ordered as a sequence in t im e. Each 
XVHU�VHVVLRQ consists of a list  of QDYLJDWLRQ�HYHQWV and EURZ VLQJ�VWDWHV for each window 
that  has been opened during the session. The EURZ VLQJ�VWDWHV are usually equivalent  to 
the URI s of the viewed pages. However, with fram esets this sim ple approach is 
insufficient :  in that  case, a EURZ VLQJ� VWDWH refers to the URI s in all the fram es of the 
window, and if a single URI  ( i.e. , docum ent )  changes, it  is a new EURZ VLQJ� VWDWH. 
1 DYLJDWLRQ� HYHQWV are the events with which each EURZ VLQJ� VWDWH is entered and left . 
The following QDYLJDWLRQ�HYHQWV are available in and captured by the system :   

������� �9L*
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A useful feature could be m anagem ent  of t he individual XVHU� VHVVLRQs:  each session 
could have a nam e, descript ion and at t r ibutes like keywords to facilitate f inding 
previous user  sessions. A hierarchial categorizat ion of the XVHU� VHVVLRQs m ay also be 
useful.  This feature becom es part icular ly interest ing in the context  of com m unit ies, as 
described in chapter � � � ,  because a categorizat ion m ay facilitate offer ing som e XVHU�
VHVVLRQs to other com m unity m em bers, while others are kept  pr ivate or open to 
another com m unity. Due to t im e const raints,  this could not  be im plem ented in the 

1 DYLJ DWLRQ�
( YHQW

' HVFULSWLRQ

Window opened When the user opens a new window. I n m ost  window's lists of QDYLJDWLRQ�
HYHQWV, this is the first  entry.  This event  can only occur when enter ing a 
state. 

/ LQN followed Whenever a user clicks on a hyperlink of a web page. 

Form  filled Som e sites ( for  instance, search-engines)  use form s so that  the user can 
enter inform at ion. When the user fills such a form  and then sends it ,  som e 
sort  of reply will be sent . The process of f illing a form , sending it  and 
receiving the result  is refered to by this Navigat ion Event . 

URI  entered When the user m anually  enters a new URI  and ret r ieves the docum ent  
referred to by that  URI . 

Back When the user clicks on the EDFN� EXWWRQ to fetch the previously v iewed 
page. 

Forward When the user clicks on the IRUZ DUG� EXWWRQ to fetch the page after the 
current ly viewed page. As m ent ioned before, the history (XVHU� VHVVLRQ) 
consists of a list  of states and act ions ordered in t im e. The problem  of 
users going back and for th and branching to new links is irrelavant  in this 
approach. As an advanced feature, the graph st ructure of the XVHU� VHVVLRQ 
could be presented to the user for an im proved history navigat ion. Besides 
im plem entat ion costs it  m ust  be noted, however, that  m any user's m ay 
have problem s dealing with that  com plexity. 

Hom e When the user clicks on the KRP H� EXWWRQ to go to the f irst  state in the list  
of the current  window in the current  session. The session can be repeated 
by clicking hom e followed by a num ber of clicks on forward. 

History State 
restored

When the user restores a EURZ VLQJ�VWDWH while browsing a XVHU�VHVVLRQ. 

Bookm ark 
restored

When the user restores a EURZ VLQJ�VWDWH by using a bookm ark. 

Window closed When the user closes a window. This event  can only occur when leaving a 
state. 
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prototype.  

The user interface for the history is im plem ented as follows (see also figure � � � ) :   

The history is divided by the individual user sessions. A part icular user  session is 
chosen by first  request ing a list  of sessions for either the current  user or  one of the 
com m unit ies the user is a m em ber of (default :  the current  user) . The user can select  
the part y of which the user sessions shall be displayed from  two com boboxes at  the 
top ( row)  fram e. The first  com bobox contains the user him self as the first  ent ry, 
followed by a list  of the com m unit ies the user is a m em ber of (not  site-com m unit ies, 
possibly that  can be added later as "special feature") . The second com bobox depends 
on the f irst  com bobox and has "all"  as the first  ent ry,  followed by a list  of the users of 
the selected com m unity (only if the com m unity allows request ing individual user 's 
inform at ion, and/ or if the user allows request ing such inform at ion) . I f the user him self 
is chosen from  the com m unit ies com bobox, or if  the selected com m unity does not  
allow viewing its users, the second com bobox only contains the ent ry "all" .   

/�� ,"+"%(�9L*
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Whenever the com m unity-com bobox is being changed, the person-com bobox is set  to 
the f irst  ent ry. Whenever the person-com bobox is changed ( i.e., also when the user 
has changed the com m unity-com bobox) ,  the table with the user sessions is updated to 
the current  select ion. The table with the user sessions is displayed in the bot tom - left  
fram e. The first  ent ry is the "current  session" , if available in the current  
com m unit y/ person-select ion. The following ent r ies are a list  of all sessions, in reverse 
order ( last  session first ) ,  with start - t im e and end- t im e and a link that  shows the 
contents of the UserSession in the bot tom - r ight  fram e. Whenever a user session is 
selected, both the list  of user-sessions and the contents of the current ly selected user  
session are reloaded. The list  of user-sessions (an HTML- table)  has the current ly  
selected user-session highlighted. The highlight ing and accessing of user-sessions 
works with the indices of the user-sessions. Care m ust  be taken with lists of user-
sessions of com m unit ies, which are generated by accum ulat ing all the com m unit y 's 
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user 's lists (Com m unity requires a m ethod getUserSessions( ) ) .   

The selected user session is displayed in the bot tom -r ight  fram e. On top, the start -  and 
end- t im e is given, if available. The rest  of t he page is a reverse-order list  of the states 
in the user session. I n the first  version, the states are represented sim ply by the URI s 
and t it les of the pages, plus the t im e of visit .  I n a later  version, addit ional inform at ion 
can be m ade available (e.g., fram esets with nam es, open windows etc.)  When a state 
of a session is selected, that  state is restored in the content  fram e of the window from  
which the history has been opened.  

� � � �%RRNP DUNV�

This sect ion describes the bookm arks in WHDP ; Z HE and there are two im portant  
relat ions to m ent ion between bookm arks and the session history:  first , user sessions 
are obviously captured passively while the user  browses, unlike bookm arks which m ust  
explicitely be set  by the user.  Second, bookm arks are also EURZ VLQJ� VWDWHs. This lat ter 
relat ion is im portant  because it  j ust ifies that  the Browsing States of the session history 
need not  be editable in any way, as this can be done by adding them  as bookm arks 
and then edit ing the bookm ark.  

/�� ,"+"%(�9L*
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This im plies that  bookm arks can not  only be set  from  the current  page, as in m ost  
browsers, but  also from  the session history v iew. While browsing the session history, 
users m ay find certain ent r ies especially  interest ing and put  those ent r ies to the 
bookm arks. Or he m ay feel the need to ext ract  a certain Browser State from  the 
session to add addit ional inform at ion -  which is only possible with bookm arks.  

Which is the m ajor difference between a bookm ark and a Browser State:  bookm arks 
are editable. Just  like XVHU� VHVVLRQs, bookm arks can have nam es, descript ions further  
at t r ibutes, like keywords and be put  into a hierarchy of categories. Thus, while 
bookm arks point  to the sam e inform at ion in the Web as Browser States, they are m ore 
closely related to XVHU�VHVVLRQs in term s of how the user can archive them . Bookm arks 
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are the sm allest  editable piece of inform at ion in the bookm arks sect ion and XVHU�
VHVVLRQs are the sm allest  editable piece of inform at ion in the session history.  

Finally, as bookm arks are equivalent  to EURZ VLQJ�VWDWHs, they can also capture different  
states of the sam e fram eset . This dist inguishes the bookm arks of WHDP ; Z HE
significant ly from  the bookm arks in m ost  Web browsers, as they usually only store the 
star t ing page as bookm ark. This feature is part icular ly useful with docum entat ions like 
the Java API  which rely on a fram eset  for com for table navigat ion.  

The user interface for bookm arks is quite sim ilar to the user interface for the history, 
as figure � � �  illust rates. Not ice that  states of fram esets can also be stored as 
bookm arks ( j ava. awt . Appl et  in the Java API  in the given exam ple) . While in the 
history screenshot  ( figure � � � ) ,  a com m unity had been selected ( 7* � %HWDWHVWHU) and 
the history of all it s m em bers was shown ( $OOH� 0 LWJOLHGHU), in the bookm arks 
screenshot  the scope was set  to the current  user:  GDYLG�� DNWXHOOHU�%HQXW] HU� .  

� � � �&RP P XQLFDWLRQ�

While sharing bookm arks and history are key com ponents to a system  that  shall 
support  collaborat ive Web usage, they need to be com plem ented by support  of t he 
m ost  im portant  aspect  of collaborat ion:  com m unicat ion. One object ive of the project  is 
to create a well- integrated plat form  for collaborat ive Web usage, and thus the system  
also provides com m unicat ion features.  

As discussed in chapter � � � ,  there are two dim ensions of com m unicat ion in the context  
of WHDP ; Z HE:  asynchronous vs. synchronous com m unicat ion, and the target  of 
com m unicat ion. While synchronous com m unicat ion (e.g., chat )  is a very interest ing 
feature when the system  is used heavily and frequent ly by a large user base, 
synchronous com m unicat ion is beyond the scope of the present  work. Thus, only 
asynchronous com m unicat ion is im plem ented.  

Users can send other users pr ivate notes, sim ilar to eMail. The advantage of providing 
an alternat ive to eMail is m ainly that  the whole system  is m ore integrated that  way. 
However, in the long run it  m akes sense to integrate WHDP ; Z HE's m essaging system  
with eMail so that  users can choose which system  to use without  a break in the user 
interface.  

Com m unit ies are another target  of com m unicat ion, which m akes com m unit ies a sort  of 
m essage-board at  the sam e t im e. The sam e discussion as before with eMail applies 
here with the relevant  well-established com m unicat ion services for com m unit ies:  
m ailing- lists and newsgroups. However, the t ight  integrat ion into WHDP ; Z HE is even 
m ore im portant  here than in user to user com m unicat ion, and the integrat ion of 
com m unit y com m unicat ion j ust ifies the integrat ion of user to user com m unicat ion even 
m ore.  

A long- term  goal m ay be providing a proprietary interface to these services that  is 
well- integrated into WHDP ; Z HE, but  using the open, well- known and well-accepted 
standards below the surface.  

Last  but  m ost  im portant , notes can be left  on Web sites and pages. This way, pages 
can be annotated and at  the sam e t im e, a discussion about  the content  of the page can 
be held. When a user leaves a note on a Web site or page, he can choose to whom  this 
note is visible:  either it  is a pr ivate note that  only the user can see, or  the note is 
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visible to one of the com m unit ies he is a m em ber of,  or  it  is a public note that  is visible 
to all users of the system .  

A m ajor achievem ent  of WHDP ; Z HE concerning integrat ion is illust rated by figure � � � .  
This is the cent ral overv iew of everything that  has to do with com m unicat ion. With this 
overview, the user can find out  about  m essages he has sent  or received as well as the 
com m unicat ion within com m unit ies. Finally , even the annotat ions m ade on Web sites 
or Web pages are available in this view.  

While the natural places to f ind out  about  these lat ter  form s of com m unicat ion are the 
com m unit ies respect ively Web sites or Web pages where the com m unicat ion took 
place, this gives a quick overv iew. A user no longer has to browse to a specific Web 
page to f ind out  there are no new m essages. I nstead, he can see all Web sites and 
pages with new m essages (or:  with any m essages at  all)  in a quick overview.  

/�� ,"+"%(�9L*
 L��8"�K%(��������)����M�����4)��!������A]\�N5���9�"�"AEAH+"��� �����4� �"�5YM:���%;:"� ��N  

The screenshot  also illust rates how the scope of com m unicat ion is handled with 
annotat ions on Web pages and Web sites:  only those m essages the current  user is 
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granted access to are displayed, for instance, public notes ( | IIHQWOLFKH�1 RWL] ) ,  notes for 
a specific com m unity the user  is a m em ber of (7* � ; 0 / >H; WHQVLEOH� 0 DUNXS� / DQJXDJH@�
3UDNWLNXP  and 7* � + 6 � L� � Q� DQG� O� � Q)  as well as pr ivate notes of that  part icular user 
(SULYDWH� 1 RWL] ) .  I f there were m ore com m unit ies /  Web sites or pages with m essages 
and the overv iew thus would becom e clut tered, im plem ent ing filter ing for specific 
com m unicat ions (com m unit ies /  Web sites /  Web pages)  or specific scopes (pr ivate /  
public /  specif ic com m unit ies)  is st raight forward. The user inter face for select ing these 
param eters can be alm ost  the sam e as with session history and bookm arks, as 
illust rated in figure � � �  and figure � � � .   

� � � �6 WDWLVWLFDO�, QI RUP DWLRQ�

The sam e choice of scope as for  com m unicat ions -  pr ivate, per com m unity and public -
is also available for the stat ist ical inform at ion, which is displayed for each v isited page, 
in the RULHQWDWLRQ� IUDP H below the actual page (see figure � � � � � � � ) .  There are several 
types of stat ist ical data which will be out lined in this sect ion.  

For each page and site, the num ber of visits is shown as well as the num ber of visitors. 
As m ent ioned before, this can be referr ing to the user him self ( "how often have I  been 
on this page before?") , one of his com m unit ies or all WHDP ; Z HE users.  

The sam e applies to the followed links:  Whenever a user clicks a link on a page, a 
counter is increased and the m ost  popular links are displayed in the stat ist ics. For 
m any people, however,  it  m ay be m ore interest ing to see which links have lead to the 
page -  and this inform at ion is also available. Thus, one can easily follow the m ost  
popular path towards a page backwards. As pointed out  in >* LEVRQ� � � � E@, this can 
also m ake finding good KXE�SDJHV easy.  

58Towards an Integrated Approach to Collaborative Web Usage



� � � � ) HDWXUH� 0 DWUL[ �

To illust rate how WHDP ; Z HE integrates collaborat ion features com pared to other 
system s, a feature m at r ix with the m ost  im portant  features has been created. This 
m at r ix includes WHDP ; Z HE� � $ / 3+ $ � � �  com pared to m ajor Web browsers (e.g. 
1 HWVFDSH, 0 R] LOOD, 2 SHUD, or , QWHUQHW� ( [ SORUHU) as well as m ajor Web com m unit ies 
(e.g. <DKRR). The rows of the m at r ix contain a set  of features, and the colum ns contain 
if,  or how these features are im plem ented in the given system . Som e features are 
considered QRW� DSSOLFDEOH to a given type of system , because the system  cannot  
support  these features in pr inciple.  

A m uch m ore detailed detailed feature-m at r ix can be found in appendix %. Note 
however, that  this only includes a com parison of WHDP ; Z HE with m ajor browsers. Web 
com m unit ies are not  included in that  m at r ix as m uch of the data does not  apply. Even 
though WHDP ; Z HE provides a concept  of com m unit ies very m uch like m ajor Web 
com m unit ies, it  is m ore like a Web browser and therefore can be bet ter com pared to 
Web browsers than to Web com m unit ies.  

������� �9L*
 `�"/K�����4+�%���I4ST����%@� FH���"AHO���%4� ��,9�@����A9\�N9����a�ST��b��"%G�=���HU*%(��N9�V��%(�#����B��=���5�"�"AHAE+��"� ��� ���  

Footnotes:  
1 Not  im plem ented in the current  version of ced2fKgThMi�d3j ,  due to t im e const raints, but  a im portant  element  of the 
concept .  

) HDWXUHV WHDP ; Z HE 0 DMRU�%URZ VHUV 0 DMRU�
&RP P XQLWLHV

%URZ VLQJ

%RRNP DUNV �

more detailed  
�

support s fram esets  
�

accessible from 
anywhere  

�

shared within 
com munit ies 

�

fram esets:  only one ent ry for 
many states!   

�

stored locally   no sharing 

�

can be shared  
�

not  integrated 
with browser 

+ LVWRU\ �

sam e as bookm arks 
�

sam e as bookm arks 
�

not  applicable 

1 DYLJ DWLRQ�6 XSSRUW�� �
: HE�3 DJ H�6 WDWLVWLFV

�

page /  sit e visit s  
�

current  visitors  
�

links from  docum ent   
�

links to docum ent  

�

supported v ia external services 
(Mozilla integrates this very well)  

�

som e browsers (e.g.  Opera, 
Am aya)  can show links from  
docum ent  in a separate window 

�

not  applicable 

&ROODERUDWLRQ

&RP P XQLWLHV �

supported 
�

not  applicable 
�

cent ral elem ent  

$ V\ QFKURQRXV�
&RP P XQLFDWLRQ

�

within com munit ies  
�

on Web pages /  
sit es  

�

well- integrated 

�

eMail funct ionality  
�

sam e applicat ion, but  no 
integrat ion with browsing 

�

within 
com munit ies 

6 \ QFKURQRXV�
&RP P XQLFDWLRQ k

�

within com munit ies  
�

on Web pages /  
sit es  

�

well- integrated 

�

via external applicat ions,  not  
t ight ly  integrated 

�

within 
com munit ies  

�

instant  m essaging 

$ QQRWDWLRQV �

well- integrated with 
com municat ion 

�

usually  not  supported (support  
only with plugins, nat ive support  
in Am aya)  

�

not  applicable 
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� � ( [ SHULP HQW�DQG�8 VHU�6 XUYH\ �

I n order to test  the acceptance and usage of the system , the prototype described in 
chapter �  has been im plem ented and a field experim ent  with var ious user groups has 
been conducted. This sect ion describes the experim ent , a follow-up user survey and 
the results.  First ly, however, the testbed in which the em pir ical research has been 
conducted is described.  

� � � �7HVWEHG�

As the system  supports collaborat ive Web usage, groups in which this sort  of 
collaborat ion could take place m ust  be m ot ivated to use the system . A few such groups 
are int roduced as candidates for the field test . There were two periods for  test ing, one 
in the winter term  2001/ 2002 and another one in the sum m er term  2002. The 
candidate groups for the winter term  included the following three courses of the 
Departm ent  of Com puter Science at  the Universit y of Munich:   

3UDNWLNXP �� ; 0 / �DQG�( � &RP P HUFH� �
>KWWS� � � Z Z Z �SP V�LQIRUP DWLN�XQL� P XHQFKHQ�GH� OHKUH� SUDNWLNXP � [ P O�
HFRP P HUFH� � � Z V� � � @ is a pract ical course for  approxim ately 15 graduate students. 
The part icipants are expected to have solid know-how of Web technologies and Web 
usage. The tasks involved are expected to require a lot  of inform at ion searching on the 
Web and this work is suggested to be done in team s of 3 or 4 people. From  this group, 
the highest  acceptance is expected and possibly valuable feedback on the system  can 
obtained by these "power users" .  While in the other courses, the team s all work on the 
sam e tasks, the team s in this project  will work on different  tasks. However, it  is very 
probable that  the tasks require gathering sim ilar inform at ion. Thus, this com m unity 
m ay provide interest ing inform at ion on how team s with different  aim s can loosely 
cooperate in inform at ion gathering.  

As the group is relat ively sm all and a good technical know-how is expected from  the 
m em bers, it  was chosen as the first  group for the experim ent .  I f problem s are 
encountered at  this stage, only few people are involved.  

3URJUDP P LHUSUDNWLNXP �� * HUP DQ� �
>KWWS� � � Z Z Z �SP V�LQIRUP DWLN�XQL�
P XHQFKHQ�GH� OHKUH� SUDNWLNXP � SURJSUDNW� � � Z V� � � SURJSUDNW�KWP O@ is a pract ical 
program m ing project  with approxim ately 90 part icipants that  have at  least  a basic 
know-how of program m ing and are expected to have used the Web previously. The 
tasks of the course will be accom plished by team s of 5 m em bers and involves research 
on several program m ing issues and working with the Java API s. These -DYD� $3, V are 
accessible via the Web and are st ructured in three fram es, so this is a typical Use Case 
for the features that  history and bookm arks work well with fram esets. I nform at ion 
shall be gathered on how team s use the Web for solving their  appointm ents, both with 
respect  to the resources they use and how they interact  while searching for those 
resources.  

I nvolving this group is scheduled two weeks after the f irst  group started.  

, QIRUP DWLN�, � � * HUP DQ� �
>KWWS� � � Z Z Z �GEV�LQIRUP DWLN�XQL� P XHQFKHQ�GH� / HKUH� , QIR� � @ is a lecture for beginners 
in com puter science with approxim ately 500 part icipants. I t  deals with basic 
program m ing concepts and is focussed on funct ional program m ing. As program m ing 
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language for exam ples and exercises, SML is used. I deally,  a large group can be 
m ot ivated to voluntar ily  use the prototype when work ing for the lecture. Many 
m em bers of that  com m unity are expected to start  from  the course's hom epage which 
links to resources on the subjects int roduced in the lecture. I t  shall be quite interest ing 
to find out  which other resources are used by individual students or groups of students. 
Possibly, act ive students annotate the course hom epage with links to addit ional 
resources ( this should be explicitely m ot ivated) .  

I n this com m unity there m ay be som e people who are relat ively new to com put ing in 
general and the World-Wide Web in part icular.  This m ay help finding out  about  the 
acceptance of such a system  from  inexperienced Web Users. Furtherm ore, by inv it ing a 
large group there is a chance of reducing the problem  of a sparse user base which 
prohibits som e of the m ore interest ing features like site- related chats. Another  
interest ing aspect  of this com m unity is that  the system  m ay help learning groups and 
other social contacts to em erge.  

This group was scheduled to be involved three weeks after the second group started. 
However, the am ount  of people par t icipat ing from  the first  two groups was not  
suff icient  to m ake predict ions on how the system  would work in the case of m any 
people from  the last  group joining. Therefore, the experim ent  was not  announced to 
this group. I nstead, a heterogenous group of approxim ately 30 fr iends of the author 
was invited to t ry work ing with the prototype in no form alized setup. This group will be 
referenced as RWKHUV.  

As this f irst  phase of the experim ent  did not  provide the expected data due to 
m oderate part icipat ion, a second experim ent  was scheduled for the sum m er term  
2002. I n this second phase of the experim ent , the following two courses were 
included:   

+ DXSWVHP LQDU� � L� � Q� DQG� O� � Q� � � : RUOG� : LGH� : HE� , QWHUQDWLRQDOL] DWLRQ� DQG� / RFDOL] DWLRQ�
� 66 � � � � � � �
>KWWS� � � Z Z Z �SP V�LQIRUP DWLN�XQL�
P XHQFKHQ�GH� OHKUH� VHP LQDU� LQWHUQDWLRQDOLVDWLRQ� � � VV� @ is a sem inar for approxim ately 
15 graduate students. The part icipants are expected to have basic know-how of Web 
technologies. The tasks involved are expected to require a lot  of inform at ion searching 
on the Web, but  there are no specific groups. However, the whole sem inar can be seen 
as a com m unity.  

( WKQRORJLH# , QWHUQHW�� * HUP DQ� �
>KWWS� � � Z Z Z � IDN� � �XQL� P XHQFKHQ�GH� YND� IUDP H�KWP " � YND� HWKQRZ HE� HWKQRZ HE�KWP @ is 
a sem inar for approxim ately 15 graduate students of ethnology. The sem inar is m eant  
as an int roduct ion to the I nternet ,  and thus part icipants are expected to be not  too 
fam iliar  with I nternet  technology. The schedule includes group work where part icipants 
are supposed to find out  about  Web sites about  ethnology and rate them . This task is 
supposed to be accom plished under supervision in the Universit y of Munich's m ain 
com puter pool.  
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� � � � ( [ SHULP HQW�

The experim ent  was m eant  to provide inform at ion about  three variables:   

� Acceptance in the Com m unity  
� Reliabilit y of t he Prototype  
� Structure of the Visited Web 

For each group, there was a presentat ion of the system  and par t icipants were invited 
via eMail to use the system . As there was pract ically no signif icant  part icipat ion in the 
first  phase (even after  a few rem inders via the courses' m ailing lists) , in the second 
phase volunteers had to explicit ely  write their  eMail-adresses on a list  to indicate they 
were interested in par t icipat ing in the experim ent . This was done to bind the 
volunteers m ore form ally to the exper im ent  and assure they can be contacted for 
clar ificat ions.  

From  the first  group (Prakt ikum  "XML and E-Com m erce") ,  of about  12 people who 
part icipated in the course, two logged in to the system . One of them  had two sessions, 
the other had 20 sessions. As expected, this group had the power users providing 
valuable inform al feedback and expressed enthusiasm  about  the system  in personal 
com m unicat ions -  unfortunately, this applied only to one single person.  

Three part icipants of the second group (Program m ierprakt ikum )  signed on to the 
system , and they all signed on only once. The group had about  90 part icipants.  

Finally, in the second phase, the m ore form al m ode of part icipat ion in the experim ent  
showed som e effect :  five people signed in from  each of the courses. Thus, during the 
second phase ten m ore people have used the prototype. However, only one person had 
four sessions, another had three sessions and the others only one or two.  

From  the group of RWKHUV who have been invited personally and did not  belong to the 
form al testbed, one person had 10 sessions and was enthusiast ic about  the system . 
One had 5 sessions and at  least  found the system  interest ing and usable.  

From  these results it  becom es obvious that  no reliable data could be obtained from  the 
experim ent .  I n part icular,  there was no instance of collaborat ive usage, which would 
have been the m ost  interest ing k ind of usage in the experim ent .  These results m ay 
indicate that  the acceptance for a system  like this is very low, but  other  explanat ions 
are possible.  

To f ind out  m ore about  the acceptance and possible reasons why there were only three 
people using the system  act ively, it  was then decided to m ove on to a survey which is 
discussed in chapter � � � .  However, som e interest ing anecdotal results from  the 
experim ent  shall be reported here:   

During the sessions at  Ethnologie@I nternet , there was the opportunity to observe 
som e of the par t icipants while they used WHDP ; Z HE for the first  t im e. While one person 
could easily  use the system  and later provide detailed feedback about  useful 
im provem ents, two other persons were obviously overcharged with handling the 
system  both conceptually ( "what  is this good for?")  and pract ically  ( "how can I  use 
this?") .  This m ay indicate that  the system  was not  intuit ive enough for m any of the 
people who t r ied work ing with it .  Possibly, this is an explanat ion why even those who 
signed on to the system , often did not  log on m ore often.  
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As expected in chapter � � � ,  there were som e lim itat ions with displaying certain content  
of the Web. Even though this issue has been pointed out  in all the presentat ions and all 
writ ten int roduct ions to the system s, som e users were very frust rated when t ry ing to 
work with com m ercial pages using Macrom edia Flash extensively, or search engines 
using a lot  of JavaScr ipt  for  cent ral navigat ion features. I t  m ay be interest ing to 
conduct  further experim ents with a system  that  does not  have this lim itat ion.  

� � � �8 VHU�6 XUYH\ �

One hypothesis explaining the low part icipat ion in the experim ent  is that  m any people 
did not  have enough t im e to get  involved in learning to work with a new and innovat ive 
system . All of the par t icipants are students who have to spend ext ra t im e learning the 
system  and using it  for their  academ ic tasks, and som e inform ally m ent ioned too lit t le 
t im e as reason for not  even t rying out  the prototype in personal com m unicat ions.  

Another potent ial hindrance for people m ay be concerns about  their  pr ivacy. As the 
system  stores Web usage data on a cent ral server,  pr ivacy is indeed not  part icular ly 
secured. Fur therm ore, the system  uses cookies and JavaScript ,  which have a 
reputat ion of posing serious security r isks to users that  enable them . This has also 
been m ent ioned as a reason for not  part icipat ing in personal com m unicat ions.  

To test  these hypothesis and gather further inform at ion on how people perceived the 
system , a quest ionnaire has been assem bled and all the people involved in the two 
phases of the experim ent  have been invited to f ill out  that  quest ionnaire. The 
quest ionnaire was im plem ented as a sim ple Web form  and com posed of only ten 
quest ions that  could be answered in less than 10 m inutes. This was done in the 
assum pt ion that  t im e was a reason for people not  to par t icipate and the invitat ion 
included a rem ark that  answering the quest ionnaire would not  be a t im e-consum ing 
task.  

This lightweight  nature of the user survey proved itself with significant  part icipat ion. Of 
exact ly  150 people that  were asked to part icipate in the survey, 38 filled out  the 
quest ionnaire. One quest ionnaire has been returned blank, which m ay have been a 
technical accident  and thus is ignored. Overall part icipat ion am ounts to 25.3%  which 
can be considered pret ty good. For the full results of the user  survey, see appendix 
&� � .  

Not  very surpr isingly,  m ost  part icipants are studying com puter science (29, which 
m akes 76.3% ) . Other  m ajors were hardly represented at  all,  as table � � � � � � �  shows.  

������� ��l"
 0QP���R2.ST��b@��%(�[������)��98��4+�B��������]D���%;��� ��� O������ ��,E� �9�4)���mG����%<8*+�%;:���C  

The part icipat ion relat ive to the var ious groups is reproduced in table � � � � � � � .  Three 

* URXS � �5 HSOLHV 4 XRWD

&RP SXWHU�6 FLHQFH 29 76.32%

( WKQRORJ \ 2 5.26%

$ QJ OLVWLFV 1 2.63%

&RP SXWHU�/ LQJ XLVWLFV 1 2.63%

6 FLHQFH�RI �3 ROLWLFV 1 2.63%

3 V\ FKR�/ LQJ XLVWLFV 1 2.63%
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people have not  answered the quest ion which group they belonged to, which is why 
there are only 35 people by groups while 38 people answered altogether. Part icipat ion 
is dist r ibuted relat ively evenly over the different  groups, with bet ter part icipat ion in 
( WKQRORJLH# , QWHUQHW. All values m ust  be seen with precaut ion as the num ber of 
part icipants in each group is rather sm all and thus very error prone.  

������� ��l"
 0QPW>�R2.D���%n�4� �K� O����4� �"�H� �]�4)���m��V��%<8.+"%;:���C  

15 (39.5%  of 38)  part icipants said that  they have created an account , only one person 
(2.6% )  has only t r ied the guest  account  (however, others m ay have first  used the 
guest  account  and later signed on -  the stat ist ical data from  the experim ent  indicates 
that  the guest  account  was used quite frequent ly, 63 t im es overall which includes a 
few logons for test ing and dem onst rat ion purposes) . 13 (34.2% ) have not  yet  t r ied 
WHDP ; Z HE and 8 (21.1% )  said they will not  t ry the system . That  m eans that  a m ajor ity  
(21 people, 55.3% )  has not  ever seen the system  except  possibly during the 
presentat ions, which is consistent  with the result s from  the experim ent .  This also 
m eans that  only 37 of the 38 par t icipants answered the quest ion on whether they have 
used WHDP ; Z HE.  

When asked for the reason why they did not  or will not  t ry the system , 6 (28.6%  of 21, 
15.8%  of 38)  said they did not  see a use in the system . Other  reasons (m ult iple 
select ions were allowed)  were insufficient  t im e, concerns about  security  and pr ivacy 
and general disinterest  (3 persons each, 14.3%  of 21, 7.9%  of 38) .  Finally,  two people 
said they sim ply did not  want  to join an experim ent .   

The part icipants could also write an open answer to the quest ion on why they did not  
t ry WHDP ; Z HE. Two m ent ioned security concerns, however, one of them  said the m ain 
reason was lack of t im e. Two part icipants of the 3URJUDP P LHUSUDNWLNXP  considered the 
system  not  useful for their  task. A surpr ising result  as use cases part icular to that  
course (Java API , see chapter � � � )  have been int roduced in the presentat ion and these 
two people answered the quest ion whether they saw the presentat ion with yes.  

The 15 people who did create an account  were asked why they did not  use the system  
m ore often -  only one of them  had m ore than 10 sessions, so 14 people were supposed 
to answer the quest ion. Mult iple select ions were allowed and two answers indicat ing 
that  the system  was not  considered useful (generally  and due to the provided 
contents)  were checked by four  people each (29%  of 14) .  Two people said they had 
forgot ten their  usernam e and password ( this was m ent ioned to the author in previous 
personal com m unicat ions and a confirm at ion eMail was sent  to new users with the data 
since that ) .  

The quest ionnaire contained a sect ion where people who t r ied the system  could 
evaluate var ious features of the system . For each feature, the im portance and the 
quality of the im plem entat ion could be evaluated in two separate scales. The scale for 

* URXS � �0 HP EHUV � �5 HSOLHV 4 XRWD

3 UDNWLNXP �� ; 0 / �DQG�( � &RP P HUFH� 12 3 25%

3 URJ UDP P LHUSUDNWLNXP 90 18 20%

( WKQRORJ LH# , QWHUQHW 14 5 36%

+ DXSWVHP LQDU�� L� � Q�DQG�O� � Q� 5 1 20%

2 WKHUV 29 8 28%

2 YHUDOO 150 38 (35) 25%
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the quality had six values from  ver y good = 1 to i nsuf f i c i ent  = 6, the scale for the 
im portance also had six values, ranging from  i mpor t ant  = 1 to usel ess = 6. This 
scale was com pared to the Germ an grade system  which also ranges from  1 to 6, where 
1 to 4 indicate that  a test  or course was passed, while 5 and 6 indicate failure.  

/�� ,"+"%(��l"
 0QP���R2"m��V��%M12������%n�n�����  

This quest ion has been answered by 17 people which leads to the conclusion that  the 
one person that  has not  answered the f irst  quest ion did in fact  use WHDP ; Z HE. The first  
quest ion was generally  about  the im portance and qualit y of the user interface. As 
figure � � � � � � �  shows, the im portance was rated very high by m ost  people. One person 
found the user interface not  very im portant  (5 on the scale) . The quality  of the user 
interface of WHDP ; Z HE was considered m edium , with a tendency to good. The diagram  
shows a discrepancy between im portance and quality, indicat ing that  the quality  of t he 
user interface st ill needs im provem ents.  

/�� ,"+"%(��l"
 0QPW>�R2.ZG�H12���2�@��� � ����� ���  

One of the m ost  im portant  reasons for chosing the architecture discussed in chapter 
� � �  was that  no installat ion is required at  the clients. As it  turned out  in the 
experim ent ,  t his m ust  be weighed against  the display problem s with som e pages. So 
the second part  of this quest ion was about  the feature of not  requir ing an installat ion. 
The exact  wording was "Dass m an es [ team Xweb]  ohne I nstallat ion direkt  im  Web 
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star ten kann" ( that  WHDP ; Z HE can be started direct ly in the Web without  installat ion) .   

As figure � � � � � � �  shows, this has been considered both im portant  and im plem ented 
well by m ost  people. Only two people found this feature com parat ively unim portant  
(12%  of 17) . This m ust  be com pared with a later quest ion, where four people indicated 
that  displaying all pages would be a desirable im provem ent  and they would accept  
installing a plugin for this (11%  of 38) . From  these results, t he architectural decision 
taken in chapter �  seem s to have proven useful, but  m ay st ill have to be extended.  

I t  does not  sat isfy the needs of all users, but  it  seem s that  m ore people appreciate 
needing no installat ion than people are having t rouble with part icular pages. The 
sim ilar ity  between im portance and quality  m ay be an artefact  due to the fact  that  
im portance and quality  are dependent  in this case:  if the feature is considered 
im portant , it s ex istence in a system  will probably be considered a "good 
im plem entat ion" .  

The following par ts of this quest ion were concerned with the collaborat ion features of 
WHDP ; Z HE. I t  m ust  be pointed out  that  the answers to these quest ions are of a rather 
theoret ical nature, as part icipants could hardly use the system  in the intended way. 
This is a consequence of the system  not  being used by enough related people 
concurrent ly to allow collaborat ion.  

Therefore, two features that  were not  or iginally  intended for the system  but  "com e 
with the system  for free"  were also evaluated:  bookm arks and history can be accessed 
by the sam e user whereever he is. Unlike with com m on browsers, where these data 
are stored with the browser installat ion, WHDP ; Z HE allows accessing the data anywhere 
a user has access to the I nternet .   

The results are com piled in table � � � � � � � .  Generally,  bookm arks are considered m ore 
im portant  than history features ( figure � � � � � � �  and figure � � � � � � �  vs. figure � � � � � � �  and 
figure � � � � � � � ) ,  and accessing history or bookm arks anywhere on the net  was 
considered m ore im portant  than sharing them  ( figure � � � � � � �  and figure � � � � � � �  vs. 
figure � � � � � � �  and figure � � � � � � � ) .  The f inding that  Web browser 's histor ies are not  
considered a very im portant  feature is consistent  with the findings of >&DWOHGJH@ and 
>7DXVFKHU@ that  were presented in chapter � � � � � .  There should be a correlat ion 
between how often a feature is used ( findings of >&DWOHGJH@ and >7DXVFKHU@) and how 
im portant  it  is considered ( f indings from  this user survey) .  

A m ore interest ing finding, however, m ay be that  people seem  to be m ore interested in 
features for them selves than in collaborat ion features. I f the data is representat ive, 
this is a possible conclusion from  the findings in this survey, and it  would be a very 
good explanat ion for the results of the experim ent .  However, this is just  a light ly based 
hypothesis and further research is needed to test  this.   

Another aspect  of WHDP ; Z HE that  m ay have to be im proved, according to the results of 
the survey, is com m unicat ion. Most  people considered the quality of t he 
im plem entat ion m edium  on the scale, while im portance is considered relat ively high 
both by the part icipants of the survey (see figure � � � � � � � )  and in chapter � � �  and 
chapter � � � .  Annotat ions, on the other  hand seem  to be accepted consistent ly in 
quality and im portance as figure � � � � � � �  illust rates.  
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Finally, four quest ions were asked direct ly to find out  how to m ot ivate people to use 
the system  and what  could be im proved. For each area, there was a quest ions where 
part icipants had to select  from  a set  of given answers and an open version of the 
quest ion. The two m ost  im portant  ways of m ot ivat ing people had to do with other 
people:  15 people indicated that  fr iends recom m ending the system  to them  would be a 
good m ot ivat ion, 13 said m ore people were already using the system  would m ot ivate 
them  (39%  respect ively 34%  of 38 part icipants;  m ult iple select ions were allowed, see 
also table � � � � � � � ) .  Therefore, if a core set  of ear ly adopters can be m ot ivated to use 
the system , it  is very probable that  others will follow.  
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Seven part icipants said that  a pr ivate server  not  accessible by people who do not  
belong to the relevant  com m unity would be a m ot ivat ion (18%  of 38) . This indicates 
that  a well- secured peer- to-peer architecture out lined in chapter � � � � �  m ay im prove 
usage of the system . Possibly,  while it  m ay not  be feasible to install this system  on a 
global basis,  target t ing the system  at  sm all installat ions with a few users m ay prove 
successful.  I n that  case, a single, secured server located at  the inst itut ion where 
m em bers access the I nternet  m ay be sufficient  and no peer to peer services required.  
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I t  seem s that  there is no pressing need to add new features to the system :  only six 
people said this could m ot ivate them  to use the system  at  all or m ore often (16%  of 
38) , and the quest ion concerning new features had a m oderate rate of answers. The 
m axim um  was seven people (18% ) asking for  the possibilit y  to send inform at ion into 
the system  via standard eMail. I nstead of considering this a new feature, it  should be 
seen as a request  for bet ter integrat ion with exist ing standards, a finding that  is 
consistent  with m any of the answers to the open quest ions, for instance:   

� "Bookm arks m öchte ich am  liebsten im - / export ieren können [ .. .]  um  m it  m einen 
bestehenden Bookm arks gleich losarbeiten zu können (evt l.  Form atstandards wie 
XBEL, Netscape- form at?) "  (A request  for the possibilit y to im port  and export  
bookm arks so that  exist ing bookm arks can be used, pointer to form ats for this:  
XBEL and the form at  used by Netscape) . [ From  an answer to quest ion 8] .  

� "zb ein (ht tpS) -webinterface fuer pop/ im ap (evt l. m it  ssl)  m ailaccount  [ . .. ] "  (A 
request  for an interface to standard eMail) . [ From  an answer to quest ion 10] .   

� "Die Gruppe kom m unizierte [ . .. ]  � ber Mailinglist . So lange der Um gang m it  dem  
Team xWeb Tool nicht  selbstverständlich ist ,  sollte m an sich � ber legen, die 
Kom m unikat ion autom at isch an die Mailingliste zu spiegeln, um  auch technisch 
abgeneigte Mitglieder m iteinzubeziehen und um  nicht  zwei verschiedene 
Plat t form en bei der gem einsam en Kom m unikat ion zu haben."  (Statem ent  that  the 
group involved in the experim ent  used a m ailing- list  for com m unicat ion and that  
the com m unit ies© com m unicat ion of team Xweb needs to be forwarded to the 
m ailing- list  respect ively the com m unicat ion of the m ailing- list  needs to be 
forwarded to the team Xweb com m unity,  in order to avoid diverse com m unicat ion 
plat form s) . [ From  an answer to quest ion 10] .   

$ QVZ HU � �5 HSOLHV 4 XRWD

1 RWKLQJ 1 2.6%

0 RUH� �EHWWHU�) HDWXUHV 6 15.8%

0 RUH�3 HRSOH�XVLQJ �LW�DOUHDG\ 13 34.2%

) ULHQGV�WKDW�XVH�DQG�5 HFRP P HQG�LW 15 39.5%

* HWWLQJ �0 RQH\ � I RU�8 VLQJ �LW 4 10.5%

3 D\ LQJ �0 RQH\ � I RU�8 VLQJ �LW 0 0.0%

3 ULYDWH�6 HUYHU�I RU�P \ �&RP P XQLW\ 7 18.4%
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� � ' LVFXVVLRQ�

The theoret ical backgrounds for an integrated approach to collaborat ive Web usage 
have been established. Both the term inology has been clar ified and a variety of 
exist ing approaches in var ious disciplines has been surveyed and their  relevance 
disussed. On that  basis, concepts relevant  to such an integrated approach have been 
int roduced:  collaborat ion, com m unit ies, Web navigat ion, com m unicat ion, 
categorizat ion and pr ivacy and security  issues.  

An integrated approach to collaborat ive Web usage can be im plem ented with m any 
different  architectures that  were int roduced and discussed. I n part icular , som e of these 
architectures can be com bined and the advantages of such com binat ions have been 
out lined. As exist ing architectures did not  m eet  the needs for  the system , an approach 
that  was term ed P HWD� EURZ VHU has been selected and explained in detail.   

With the given architecture and t im e const raints,  a set  of features for a prototype is 
possible. This set  of features was discussed and finally com pared to the feature-set  of 
com m only used Web browsers.  

The prototype -  called WHDP ; Z HE -  was im plem ented and tested with an exper im ent . 
As the experim ent  did not  provide data with the expected density,  it  has been 
com plem ented with a user survey. The m ajor lim itat ion of the experim ent  was that  no 
instance of actual collaborat ion took place, which also lim it s the reliabilit y of som e of 
the survey 's results. Furtherm ore, m ore than half of the people who answered the 
quest ionnaire did not  actually use the system  at  all.   

A system  like WHDP ; Z HE does not  only have som e inherent  com plexity but  also 
confronts people with a new approach to using the Web. Aside of the effort  to learn 
using such a new system  eff icient ly, this requires from  the potent ial users a shift  in the 
way they think about  the Web and how it  is used. While very few early-adopters seem  
to be capable of per form ing this shift  in thinking, m ost  people will probably start  using 
the system  only after  som e others already use the system  and recom m end it  to them , 
a typical "chicken-egg" problem   

While the core features and concepts of WHDP ; Z HE have proven them selves a good 
basis,  som e im provem ents to WHDP ; Z HE facilitat ing this process include:   

� $ � P RUH� LQWXLWLYH� DQG� HDV\ � WR� XQGHUVWDQG� XVHU� LQWHUI DFH�  I n part icular,  as 
m uch com plexit y as possible m ust  be hidden from  the inexperienced user while 
allowing experienced users to access the whole potent ial of the system . One area 
that  m ay need specific at tent ion is com m unicat ion.  

� $ YRLG�VWRULQJ �GDWD�WKDW�P D\ �UDLVH�SULYDF\ �FRQFHUQV�  As history doesn't  seem  
to be im portant  to m ost  people, rem oving the autom at ic captur ing of history data 
m ay be a significant  step towards that  end. I nstead, users m ay be given the 
possibilit y to UHFRUG certain sessions they consider useful for later ret r ieval. 
Another approach is having ORFDO, GLVWULEXWHG servers for  WHDP ; Z HE that  only 
store the data relevant  to their  users and that  are only accessible by those users, 
for exam ple a dedicated server for an inst itut ion or project  that  only hosts 
relevant  users and com m unit ies.  

� $ GDSW� DUFKLWHFWXUH� WR� XVHU
V� QHHGV�  The architecture with the client  
im plem ented as a m eta-browser Web applicat ion has proven helpful for m any 
users and m any situat ions. I n part icular,  the possibilit y to access the system 's 
data anywhere, without  the need of installing any addit ional software has been 

71Towards an Integrated Approach to Collaborative Web Usage



appreciated. However, the problem s with certain pages and the lim ited 
possibilit ies concerning the user interface establish the need for another solut ion. 
I deally,  the lightweight  interface shall be kept , but  com plem ented by a r icher 
interface that  m ay be an add-on to exist ing Web browsers. The Mozilla browser 
m ay provide a very useful fram ework for  this with the XML User- I nterface 
Language ( ; 8 / >; 0 / � 8 VHU� LQWHUIDFH� / DQJXDJH@). The idea behind XUL is creat ing 
user inter faces with XML, and the user interface of Mozilla is already im plem ented 
that  way. Thus, WHDP ; Z HE could be integrated sm oothly into the browser. For  an 
int roduct ion to XUL, see >' HDNLQ@.  

� , QWHJ UDWH� WKH� V\ VWHP � Z LWK� H[ LVWLQJ � VWDQGDUGV� This way, the threshold for 
m oving to the new system  can be significant ly reduced. I n detail,  this m eans:  

t I m port  and export  of bookm ark collect ions.  
t I ntegrat ion of standardized com m unicat ion:  

u Mailing-List  funct ionality  for Com m unit ies ( i.e.,  a br idge between 
WHDP ; Z HE and standard eMail, allowing users to part icipate in 
discussions via standard eMail) .  

u Bridge to exist ing annotat ions system s (e.g.,  Annotea) .  
u I ntegrat ion with exist ing I nstant  Messengers and , 5 &>, QWHUQHW� 5HOD\ �

&KDW@.  

Sum m ing it  up, there is significant  need for  further work in the areas of theoret ical 
backgrounds ( in part icular,  m odelling Web navigat ion) , im plem entat ion as well as 
gathering em pir ical data on the acceptance and usabilit y of such an evolving system . I t  
seem s that  the direct ion set  in the present  work is prom ising, but  further steps are 
needed for realizing the goal of an integrated approach to collaborat ive Web usage.  
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$ SSHQGL[ �$ � �6 \ VWHP �, P SOHP HQWDWLRQ�
' RFXP HQWDWLRQ�

I n this appendix, a br ief overview of the im plem entat ion of WHDP ; Z HE is given. I nstead 
of going through the whole system  on all abst ract ion levels, only aspects that  are 
considered part icular ly interest ing are selected. The appendix starts with a very 
abst ract  descript ion of the system  from  the user 's perspect ive. After that ,  t he 
technologies used for the im plem entat ion are discussed. Then, an overview of the user 
interface of WHDP ; Z HE is given. Finally,  the processing of Web pages during a user 's 
navigat ion through the Web is described in som e detail,  reaching to the level of source-
code snippets.  

For a discussion of the chosen architecture, see chapter � � � .  As in chapter � , the UML 
is used for illust rat ing the design with diagram s.  

As tool for analysis,  design and im plem ent ing WHDP ; Z HE, the , ' ( >, QWHJUDWHG�
' HYHORSP HQW� ( QYLURQP HQW@7RJHWKHU� &RQWURO� &HQWHU has been used. 7RJHWKHU provides 
m odelling with the diagram s defined by the UML and several addit ional proprietary 
diagram s. Furtherm ore, it  provides a convenient  sourcecode editor. The m ost  
im portant  feature, however, is the so-called VLP XOWDQXRXV� URXQG� WULS� HQJLQHHULQJ:  
whenever changes are applied to class diagram s, the source code is autom at ically 
updated -  and if the source code is changed, all related class diagram s are updated. 
That  way, it  is very easy to swit ch between design and im plem entat ion phases, 
allowing quick iterat ions. Finally, an academ ic license for Together could be obtained 
for free by >7RJHWKHUVRIW@.  
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$ SSHQGL[ �$ � � � �7KH�8 VHU
V�3 HUVSHFWLYH�

For a very abst ract  v iew of the system  from  the user 's perspect ive, see the Use Case 
diagram  in figure $ � � � � � � .  The Use Cases are part it ioned into five areas of funct ionalit y:  

� User Managem ent   
� Com m on Browser Funct ionality   
� History ( includes Bookm ark funct ionalit ies)   
� Com m unit ies  
� Com m unicat ion 

The Use Cases concerning com m unit ies and com m unicat ion are exclusively 
collaborat ive, while history includes non-collaborat ive Use Cases that  are extended by 
collaborat ive Use Cases. User m anagem ent  is not  collaborat ive in it self but  is required 
for collaborat ive Use Cases.  

/�� ,"+"%(�!JX
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There are two types of actors:  XVHUV and DXWKHQWLILFDWHG�XVHUV. The only funct ionality  a 
XVHU has access to is register ing with the system  or logging in to the system . During 
regist rat ion, the user chooses a unique user nam e and password that  he can later use 
for logging in. After logging in, a user becom es an DXWKHQWLILFDWHG�XVHU and can thus all 
of the funct ionalit y available to DXWKHQWLILFDWHG� XVHUV. However, a JXHVW� DFFRXQW has 
been added which allows users act ing like DXWKHQWLILFDWHG� XVHUV without  having to 
register or login. There is only one guest  account , however,  so that  all users logging in 
as guests share the sam e data.  

Use Cases concerning synchronous com m unicat ion are drawn with white background 
because they are not  im plem ented in the current  system . All other Use Cases are 
drawn with a green background to indicate that  these Use Cases have been 
im plem ented successfully .  

The process of register ing with and logging in to the system  is also illust rated with the 
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Act ivity Diagram  in figure $ � � � � � � .  I t  starts with an HTML- form  being shown to the 
user. I f the user is new, he can register by filling out  a sect ion for new users within 
that  form , that  requires enter ing a new usernam e and a password that  m ust  be 
entered twice to avoid typing errors that  would result  in the inabilit y to login at  later 
t im es. I f the usernam e is not  unique ( i.e.,  another  user  already has used that  nam e)  or 
the passwords m ism atch, the user is inform ed with an error m essage and m ust  t ry  it  
again. Otherwise, he enters the system .  

I f the user  has previously registered with the system , he is known to the system  and 
should know his usernam e and password that  he can enter in another sect ion of the 
login page. I f the login data is correct , he enters the system . Otherwise he is given an 
error m essage and m ust  t ry again. I f he fails for three at tem pts, his session ends. The 
user interface elem ents involved in this process are explained in appendix $ � � .  

/�� ,"+"%(�!JX
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$ SSHQGL[ � $ � � � � 7HFKQRORJ LHV� 8 VHG� I RU� , P SOHP HQWLQJ �
WKH�6 \ VWHP �

This sect ion gives a br ief overview of the technologies used for im plem ent ing 
WHDP ; Z HE. These technologies are only explained insofar it  is needed to explain the 
choice of the given technology. For m ore detailed inform at ion, see the relevant  
specificat ions and Web sites.  

As im plem entat ion language for the server, Java has been chosen. The m ajor reason 
for this is that  Java is not  only a program m ing language, but  a developm ent  plat form  
with a large set  of well-docum ented and consistent  API s that  is used widely in the Web 
environm ent .  At  the t im e when the im plem entat ion was started, the -DYDŒ� � �6WDQGDUG�
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( GLWLRQ� � 9HUVLRQ� � � � � � � � - � 6 ( Œ� >- � 6 ( � � @ was the m ost  current  stable version of this 
developm ent  plat form . Even though first  preview releases of -DYDŒ�� �6WDQGDUG�( GLWLRQ� �
9HUVLRQ� � � � � � - � 6 ( Œ� >- � 6 ( � � @ were already available and used in early versions of the 
prototype, these had significant  incom pat ibilit ies with other com ponents that  were 
used (Tom cat  in part icular)  and thus later versions of the prototype have been 
im plem ented with the earlier version of Java (1.3.1) .  

This was not  an easy decision because the incom pat ibilit ies being fixed was just  a 
quest ion of t im e and there are significant  im provem ents in - � 6 ( � � � �  that  would have 
sim plified developm ent :   

� -DYD�6HFXUH�6RFNHW�( [ WHQVLRQ�� -66 ( �  has been integrated  
� a set  of API s for processing XML has been added  
� an API  for regular expressions has been added 

These technologies had to be added externally when the older version of the Java 
Plat form  replaced the m ore recent  one.  

I n - � 6 ( � � � � ,  there is no nat ive support  for 66 / >6HFXUH� 6RFNHW� / D\ HU@. Therefore, no 
Web content  delivered v ia a secure HTTP connect ion (protocol HTTPS)  could be v iewed 
with WHDP ; Z HE. I n order to ensure secure content  can also be delivered, -DYDŒ�6HFXUH�
6RFNHW�( [ WHQVLRQ�� -66 ( �  is added. See >-66 ( @ for details on this technology.  

XML is used for m aking various data in WHDP ; Z HE persistent . XML is very suitable for 
this task because the data to be persisted is highly st ructured:  users that  belong to 
com m unit ies, Web pages that  belong to Web sites, bookm arks and history. The only 
realist ic alternat ive to using XML for this would be using an object  or iented database. 
I n fact , an object  or iented database would have the advantage that  no XML to Java-
objects m apping is required. That  way, persistence would have been less error  prone 
and the im plem entat ion m ay have been easier. On the other  hand, XML is hum an 
readable and can be processed in m any ways (e.g.,  v ia XSL) . Furtherm ore, m ost  object  
or iented database system s are com m ercial and therefore could not  be used for this 
project .   

For parsing and serializing XML, the Java XML parser >&ULP VRQ@ was used. I t  is a sm all 
and sim ple XML parser for Java that  is also used as the default  parser for -$ ; 3 ( see 
also >-$ ; 3@). The XML data was accessed and processed by the applicat ion v ia >- ' 2 0 @. 
While >' 2 0 @ is a widely accepted standard for accessing and processing XML data from  
various program m ing languages, it  is cum bersom e to use from  Java. >- ' 2 0 @ is m uch 
m ore or iented on features specific to the Java Plat form  (e.g.,  Collect ions)  and therefore 
integrates m uch bet ter in a Java applicat ion.  

I n early versions of the prototype, UHJXODU� H[ SUHVVLRQV were used to replace the 
or iginal URI s in hyper links of the docum ents ( for details why this is needed and what  
exact ly  is done, see chapter � � �  and appendix $ � � ) .  Furtherm ore, St r ing replacem ent  is 
needed to fill data into tem plates and replace < and > with &l t ;  and &gt ; . As - � 6 ( � � � �
does not  support  regular expressions nat ively,  an external API  was needed. Jakarta 
ORO (>-DNDUWD2 5 2 @) was used because it  was sim ple and easy to learn in replacem ent  
of the regular expression support  in - � 6 ( � � � � .   

I n later versions of WHDP ; Z HE, the processing of Web pages was done with >-7LG\ @. 
>-7LG\ @ generates a ' 2 0 >' RFXP HQW� 2 EMHFW� 0 RGHO@-t ree for any HTML docum ent ,  even 
if it  is GLUW\  HTML not  consistent  with the standards. While the previous approach using 
regular expressions to find instances of <a hr ef =" XUO" > and replacing the XUO-part  
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thereof worked in m any cases, it  failed when pages were too GLUW\ . Furtherm ore, 
during the im plem entat ion and test ing, m any addit ional cases were discovered that  
needed processing -  and writ ing regular  expressions for each of these cases would 
have been cum bersom e and significant ly t im e consum ing. Processing the docum ents 
via the DOM abst ract ion was a m uch m ore elegant  and safe approach:  instead of going 
through the docum ent  on the text - level,  one can sim ply look for  elem ents with a 
certain nam e (e.g., <a>)  and replace the contents of specific at t r ibutes (e.g., hr ef ) .   

As discussed in chapter � � � ,  large parts of t he user interface of WHDP ; Z HE are 
im plem ented using HTML with som e added JavaScript  funct ionality. The m ajor 
advantage of this approach is that  no client  installat ion is required and it  works with 
any graphical Web browser. While in ear ly versions of WHDP ; Z HE, even the navigat ion 
fram e was done with HTML, the funct ionality  accessible v ia hyperlinks that  launched 
JavaScript  m ethods, a m uch bet ter look has been achieved by using a Flash m ovie that  
was designed by Kernzeit  Gm bH. The HTML navigat ion bar is st ill accessible for 
com pat ibilit y,  but  the Flash form at  has been used because it  is the de- facto standard 
for anim ated vector graphics and available in m ost  browser installat ions. The but tons 
in the Flash m ovie invoke the sam e JavaScript  funct ions that  were previously invoked 
by hyperlinks. The funct ionality and a few visual im provem ents to the navigat ion Flash 
m ovie have been added by the author of the present  work. For the com m unicat ion 
between the Flash m ovie running in the Flash plugin and the Web page, / LYH&RQQHFW is 
used, which is available in m ost  current  browsers. For details on LiveConnect , see 
>+ RTXH@.  

The HTML pages m aking up the user interface are generated dynam ically with 
-DYD6HUYHU� 3DJHVŒ� � -63V� . An early approach in the prototype was using servlets (see 
below)  and tem plates with placeholders that  were dynam ically  replaced with the data 
to be shown at  the client .  This turned out  very cum bersom e to say the least . -DYD�
6HUYOHWV are used successfully for  the cont roller part  of the user interface, accept ing 
HTTP requests and convert ing them  to object  or iented m ethod calls to the relevant  
helper classes (subclasses of Ser v l et Suppor t )  as illust rated in figure $ � � � �  and figure 
$ � � � � � � .  The view, however, consists m ost ly of tem plate HTML and JavaScript  code in 
which certain fragm ents are dynam ically created. This is exact ly what  -63V were 
invented for:  general (X)HTML pages can be enhanced with so-called VFULSWOHWV and 
special JSP- tags that  are executed on the server  to generate the desired output . See 
appendix $ � �  for an overview of how the user interface has been im plem ented in 
WHDP ; Z HE. For  m ore detailed inform at ion on Java Servlets and JSPs, see the relevant  
specificat ions >-DYD6HUYOHW@ and >-63@ or the hom e page of Java Serv lets and 
JavaServer Pages at  >-DYD6HUYOHW-63: HE@.  

Servlets and JSPs require a so-called VHUYOHW� FRQWDLQHU that  provides the environm ent  
the Serv lets and JSPs run in.  For exam ple, listening on a port  for HTTP- requests and 
convert ing them  to Java objects is done by the servlet  container as well as com piling 
JSPs into Servlets and those Servlets into Java byte code. As servlet  container, $SDFKH�
7RP FDW� � � �  ( >7RP FDW@) has been chosen, as it  is a non-com m ercial im plem entat ion of 
the specificat ions and is also used in the off icial Reference I m plem entat ion endorsed by 
the authors of t he specificat ions (Sun Microsystem s) .  

After som e users com plained that  they had forgot ten their  login data ( see chapter � � � ) ,  
a funct ionality has been added to the system  that  an eMail is autom at ically sent  to the 
users when they register  with the system . Furtherm ore, users that  st ill know their  login 
nam e and have added their  eMail address to their  profile can m ake the system  send 
them  an eMail with their  com plete login data at  any t im e. For sending these eMails, t he 
-DYD0 DLO� $3,  (>-DYD0 DLO@) has been used as it  provides a very easy to user interface to 
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eMail funct ionality.  I n future versions of WHDP ; Z HE, the -DYD0 DLO� $3,  could also be 
used to create a br idge between the proprietary com m unicat ion system  within 
WHDP ; Z HE and standards based eMail com m unicat ion.  

Finally, both for debugging and logging of norm al operat ion, >/ RJ � -@ is used. This 
provides a convenient  and highly configurable system  for debug m essages as well as 
system  m essages. The logging can be directed to different  f iles depending on the or igin 
of the log m essage, so that  for exam ple m essages concerning user m anagem ent  are 
writ ten to another file than m essages concerning browsing behavior.  While logging 
funct ionality is an integral part  of the - � 6 ( � � � � ,  Log4J also works with - � 6 ( � � � � .   

$ SSHQGL[ �$ � � � �8 VHU�, QWHUI DFH�RI �WKH�6 \ VWHP �

This sect ion gives an overview of how the user interface of WHDP ; Z HE has been 
im plem ented. I t  refers to screenshots in chapter � � �  and chapter � . For illust rat ions, in 
addit ion to standard UML diagram s, also so-called : HE� $SSOLFDWLRQ� ' LDJUDP s are used. 
These are used because the UML does not  provide a good way for giv ing an overview 
of a set  of JSPs that  m ake up the user interface of a Web applicat ion. This type of 
diagram  is provided by 7RJHWKHU� � � � ,  the I DE used for developing WHDP ; Z HE. While 
this type of diagram  has som e lim itat ion as provided by 7RJHWKHU (e.g.,  only one type 
of relat ionship between JSPs can be expressed) , using it  is preferred over creat ing an 
own type of diagram  because this would have required addit ional tools which could not  
be easily integrated into the developm ent  process.  

The Web Applicat ion Diagram  uses rectangles with the text  JSP and the nam e of the 
JSP below that  text  for represent ing JSPs. Notes can be added to the diagram  in the 
way notes are added to com m on UML diagram s. There is only one type of relat ionship 
between two JSPs that  can be expressed, which is used for "consists of (either 
fram eset  or inclusion) " ,  " replaces"  and "opens ( in a new window)" .  This relat ionship is 
visualized with a line between two rectangles and even though the relat ionship is 
always directed, this is not  visualized in the diagram s (which is considered a m ajor 
lim itat ion) . Not ice that  not  all relat ionships between JSPs are covered in the diagram s 
used in this sect ion, to avoid clut ter ing the diagram s with lines. Colors have been used 
to m ake the diagram  m ore expressive. See the notes in figure $ � � � � � � � �  for details on 
how this is used, and also as an exam ple of a Web Applicat ion Diagram .  

The user interface of WHDP ; Z HE has been im plem ented loosely based on the 0 9&
>0 RGHO� 9LHZ � &RQWUROOHU@ design pat tern. While the pat tern itself is not  covered in this 
sect ion (see >%XUEHFN@ for an int roduct ion) , and WHDP ; Z HE does not  im plem ent  the 
pat tern consistent ly,  the usage of different  technologies for view and cont roller is 
character ist ic for the usage of this pat tern in the Web environm ent :  JSPs are used to 
im plem ent  the YLHZ  and Servlets are used to im plem ent  the FRQWUROOHU. The P RGHO is 
im plem ented separetely with a set  of plain Java classes. Furtherm ore, in the cont roller 
part  of t he MVC pat tern, WHDP ; Z HE uses an own approach to ensure reusabilit y  of the 
applicat ion logic.  

$ SSHQGL[ �$ � � � � � �0 RGHO�

The m odel of WHDP ; Z HE includes classes represent ing browser com ponents (e.g., a 
browser window) , Web abst ract ions (e.g., Web site, Web page, link)  and 
com m unicat ion artefacts (e.g.,  Note)  as well as users and com m unit ies. An abst ract  
overview of the classes m odelling the core system  of WHDP ; Z HE is shown in the Class 
Diagram  in figure $ � � � � � � � � .  KnownWeb is a class im plem ent ing the Singleton pat tern, 

78Towards an Integrated Approach to Collaborative Web Usage



that  provides access to all Web sites that  have been previously visited with WHDP ; Z HE. 
Via those Web sites, all Web pages can be reached.  

/�� ,"+"%(�!JX
 0"
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While the previous exam ple is just  the canonical m odel and therefore not  m uch 
explanat ion is needed, the classes m odelling com m unicat ion are m ore technical and 
therefore, m ore interest ing. Within WHDP ; Z HE, there are four classes of objects that  
can receive Not es:   

� User  (notes sent  to a person)   
� Communi t y (notes sent  to a com m unity)   
� WebSi t e (annotat ions on Web sites)   
� WebPage (annotat ions on Web pages)  

These classes im plem ent  an interface called Not eBoar d, that  has one single m ethod, 
nam ely get Not eManager ( ) . This is used to get  the Not eManager  that  handles all 
funct ionality concerning notes.  

That  way, a consistent  handling of com m unicat ion and notes is guaranteed and the 
related ent it ies receiv ing notes are encapsulated from  the com plexity involved with 
com m unicat ion. For an overv iew of the architecture explained, see the Class Diagram  
in figure $ � � � � � � � � .   
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$ SSHQGL[ �$ � � � � � �9 LHZ �

The view-part  of WHDP ; Z HE basically consist s of the following screens:   

� 6WDUWXS� 6FUHHQ with Login and Regist rat ion of new users  
� %URZ VHU� : LQGRZ  m im ics the user interface of a Web browser ( see figure � � � � � � �

for a screenshot )   
� $FFRXQW� 0 DQDJHU is used to edit  t he user profile, change passwords or delete the 

account   
� &RP P XQLWLHV shows all v isible com m unit ies and is used for j oining or  leaving 

com m unit ies as well as adding, rem oving or changing com m unit ies  
� &RP P XQLFDWRU gives an overv iew of all m essages in all areas of the system  (see 

figure � � �  for a screenshot )   
� &RP P XQLFDWLRQ shows the m essages of a specific sect ion  
� + LVWRU\  is used both for accessing the history and bookm arks (see figure � � �  for a 

screenshot  of how this looks for bookm arks and figure � � �  for a screenshot  of the 
history view)   

� 1 RWH�( GLWRU is used for  writ ing new notes  

Most  of these screens consist  of a set  of JSPs that  are either com posed within are 
fram eset  or via inclusion ( the JSP specificat ion provides an inclusion m echanism  with 
the elem ent  <j sp: i nc l ude page=" QDPH. j sp"  / >) .  Many JSPs are reused for different  
screens or  different  states of the sam e screen. Furtherm ore, a screen m ay have 
different  JSPs being displayed one after the other.   

For exam ple, the VWDUWXS� VFUHHQ is the ent ry point  of the applicat ion. The JSP 6WDUWXS
in figure $ � � � � � � � �  is basically just  the page defining a fram eset  which consists of 
&KHFN%URZ VHU and 6WDWXV%DU. 6WDWXV%DU is used in m ost  screens for showing to the 
user when an act ion has been com pleted successfully or when an act ion has failed. 
&KHFN%URZ VHU tests whether the browser used supports sessions ( i.e., cookies)  and 
JavaScript .  I f not , it  displays a m essage to the user explaining how to switch the 
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relevant  features on in his browser. I f the test  is passed, &KHFN%URZ VHU is 
autom at ically replaced with / RJLQ.  

/ RJLQ provides a way for the user to select  a user interface (with Flash navigat ion or 
just  plain HTML navigat ion, see appendix $ � � )  -  and includes the JSPs $XWKHQWLILFDWH, 
5HVHQG/ RJLQ' DWD, $GG8 VHU and * XHVW/ RJLQ. This m odular design has been chosen 
because $GG8 VHU, $XWKHQWLILFDWH and 5HVHQG/ RJLQ' DWD can be reused when register ing 
or logging in failed. I f,  for  exam ple, a user t r ied to register (using the sect ion from  
$GG8 VHU that  allows enter ing a new usernam e and password)  and either the nam e was 
wrong, or the passwords m ism atched, / RJLQ is replaced with $GG8 VHU) DLOHG. This page 
shows an error m essage and includes $GG8 VHU so that  the user can t ry register ing with 
another usernam e (or type the passwords correct ly) . This process is also illust rated in 
figure $ � � � � � � .  When logging in fails (e.g., because the user entered a wrong password 
for an exist ing usernam e) , $XWKHQWLILFDWLRQ) DLOHG is used, which includes $XWKHQWLILFDWH, 
5HVHQG/ RJLQ' DWD and $GG8 VHU ( in the given order) . With 5HVHQG/ RJLQ' DWD, the user 
can enter his usernam e and will be sent  an eMail with usernam e and password, as 
m ent ioned before in appendix $ � � .  

I f login or regist rat ion of a new user was successful,  / RJLQ, $XWKHQWLILFDWLRQ) DLOHG or 
$GG8 VHU) DLOHG (depending on whether login or regist rat ion was successful at  the first  
at tem pt  or  the f irst  at tem pt  failed)  is replaced with : HOFRP H. : HOFRP H then uses 
JavaScript  to open a new window without  any browser user inter face elem ents and 
shows within that  window the JSP : LQGRZ . After this, the login process is finished and 
the system  acts like a com m on browser with added collaborat ion features.  
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The previous exam ple illust rates how JSPs are used to create the user interface of 
WHDP ; Z HE and in part icular, how they are used to com pose screens either via inclusion 
or with fram esets. Other com plex screens are out lined in the following br ief overv iew:   

� � %URZ VHU� � : LQGRZ  consists of 6WDWXV%DU, 3DJH6WDWLVWLFV, 1 DYLJDWLRQ and an 
area where the Web content  is shown ( if a docum ent  could not  be loaded, 
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3DJH/ RDGLQJ( [ FHSWLRQ is shown) . 1 DYLJDWLRQ provides but tons to open 
$FFRXQW0 DQDJHP HQW, &RP P XQLFDWRU and + LVWRU\  (either with session history or 
bookm arks) . Each of these are opened in new windows, as is illust rated in figure 
$ � � � � � � � �  by the blue background color.  

� &RP P XQLWLHV opens a fram eset  that  consists of &RP P XQLW\ 2 YHUYLHZ  and 
&RP P XQLW\ . The overv iew is used to select  an exist ing com m unit y or replacing 
the fram e used to display &RP P XQLW\  with $GG&RP P XQLW\  for adding new 
com m unit ies or -RLQ6HFUHW&RP P XQLW\  for j oining com m unit ies not  in the public 
list  of com m unit ies. &RP P XQLW\  can also be used to join or  leave the com m unity, 
m odify perm issions for the com m unity or delete the com m unity ( see figure $ � � � � �
� � � ) .   

� &RP P XQLFDWRU is com plete in it self. However, it  provides links that  open 
&RP P XQLFDWLRQ in an own window (see figure $ � � � � � � � �  for an illust rat ion) .   

� &RP P XQLFDWLRQ is a fram eset  that  consist s of 6FRSH6HOHFWRU (opt ional) , 
1 RWH2 YHUYLHZ  and 1 RWH. 6FRSH6HOHFWRU is only visible if the screen refers to 
annotat ions to a Web site or Web page. I t  is used to select  whether pr ivate 
annotat ions, annotat ions of a specific com m unity or public annotat ions shall be 
shown in 1 RWH2 YHUYLHZ . 1 RWH2 YHUYLHZ  shows all notes or  annotat ions of the 
given user, com m unity or Web site or page. 1 RWH shows the actual note (see 
figure $ � � � � � � � �  for an illust rat ion) .   

� + LVWRU\  is a fram eset  that  always displays &RP P XQLW\ 6HOHFWRU and 8 VHU6HOHFWRU
in the top fram e. With the &RP P XQLW\ 6HOHFWRU, the user can choose whether only 
his own bookm arks or sessions shall be shown, or that  of a com m unity he is a 
m em ber of. I f he selects a com m unity, he can use 8 VHU6HOHFWRU to choose 
whether the bookm arks or history of all m em bers of that  com m unity shall be 
shown, or only those of a specific m em ber of that  com m unity that  has given the 
perm ission to view his history or bookm arks. I n the lower fram es, either 
&DWHJRU\ 2 YHUYLHZ  and %RRNP DUNV are shown ( if bookm arks are displayed) ,  or 
6HVVLRQ2 YHUYLHZ  and 8 VHU6HVVLRQ ( in case of the history being shown) .  
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$ SSHQGL[ �$ � � � � � �&RQWUROOHU�

The cont roller part  of WHDP ; Z HE has been im plem ented using Servlets. While in som e 
cases, JSPs direct ly call other JSPs on user act ions, the general pat tern is that  
whenever the user  invokes a funct ionalit y of the system , a Serv let  is called that  will 
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process the user 's request  and send the user a JSP as updated view. The reason why 
this has not  been achieved consistent ly  is lim ited t im e. Therefore, the current  
im plem entat ion of WHDP ; Z HE only part ially im plem ents the MVC pat tern.  

However, in the parts of WHDP ; Z HE im plem ent ing the cont roller par t  of the MVC 
pat tern, an addit ional layer of abst ract ion has been added. Servlets are t ied very 
closely to the Web environm ent  and HTTP. To encapsulate this technology from  the 
actual applicat ion, each Servlet  has a corresponding helper serv let ,  called 
1DPHSuppor t . For an illust rat ion of this pat tern, see figure $ � � � � .  1DPHSer vl et  gets 
requests encapsulated in objects from  the Servlet  container , which in turn gets his 
requests from  the client  via HTTP. 1DPHSer vl et  then determ ines how the request  m ust  
be handled and calls the relevant  m ethod in 1DPHSuppor t . For a m ore detailed 
illust rat ion of Tr acki ngSer vl et  and Tr acki ngSuppor t , see figure $ � � � � � � .   

By this encapsulat ion, m uch of the funct ionality of WHDP ; Z HE could easily  be integrated 
into a custom  browser, a plugin or any other architecture that  is not  in need of 
com m unicat ing v ia HTTP. The surrounding applicat ion would sim ply call t he m ethods of 
the helper classes, as it  is current ly done by the Servlets.  
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$ SSHQGL[ �$ � � � �5 HWULHYLQJ �DQG�3 URFHVVLQJ �: HE�3 DJ HV�

The m ost  im portant  funct ionality  required for the m eta-browser architecture out lined in 
chapter � � �  is replacing all links in the v iewed docum ents with links that  load the pages 
from  the system , so that  the user stays within the m etabrowser. I f this fails, the server 
no longer gets not ificat ions while the user browses the Web, and Web pages can no 
longer be m odified in a way that  assures the m etabrowser rem ains intact .  Therefore, 
this funct ionality has been chosen as an exam ple illust rat ing how WHDP ; Z HE was 
im plem ented and how som e of the technologies are used on a m ore detailed, technical 
level,  including som e source code fragm ents. This sect ion describes the whole process 
of loading Web pages with WHDP ; Z HE, both from  the client 's and from  the server 's 
perspect ive.  
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On the client , if the new page to be displayed is part  of a fram eset , the relevant  fram e 
m ust  first  be found. This is done with JavaScr ipt , looking for the fram e in the 
docum ent 's (HTML- )DOM. After that  or if  the page is loaded direct ly into the content  
fram e, the locat ion field that  shows the URI  of the current ly  v iewed docum ent  is 
updated. Finally,  the request  is sent  to the WHDP ; Z HE-server. The page the server  
returns updates the t it le fram e with the docum ent 's t it le and the stat ist ics fram e with 
the stat ist ical data for the current ly viewed docum ent  (or fram eset ) .  As this is done 
with further requests to the server, it  is done m ore or  less parallel. This whole process 
is illust rated with figure $ � � � � � � .   

The following JavaScript  m ethod im plem ents the logic on the client  and is included by 
the server with each docum ent  it  sends to the client  (am ong other m ethods) . 
Hyperlinks in the docum ent  on the client  call this m ethod when the user uses them  and 
they have no specified target ( - fram e) . The m ethod used for fram esets (and opening 
new windows etc.)  is m uch m ore com plex and therefore not  useful for this illust rat ion.  

/ *  Loads XUO t o t he cont ent  f r ame,  wi t h opt i onal  addi t i onal  SDUDPV.  
 *  Par amet er s:  
 *  NH\ :         t he I D of  t he l i nk ( uni que wi t hi n t he document )  
 *  XUO:         t he URI  of  t he document  t o be r et r i eved and pr ocessed 
 *  SDUDPV:      any par amet er s wi t h t he URI  ( ' ?SDU� =YDO� &SDU� =YDO� ' - Synt ax)  
 *  XVHU$FWLRQ:  what  exact l y t he user  has done ( e. g.  f ol l owi ng l i nk,  
 *              usi ng bookmar k,  usi ng hi st or y,  openi ng wi ndow)  
 * /  
I XQFWLRQ l oadURI ToCont ent Fr ame( key,  ur l ,  par ams,  user Act i on)  {  
    / /  %SODFHKROGHU% i s r epl aced by t he ser ver  bef or e t he page i s sent  t o t he c l i ent  
� � � � YDU newLocat i on = " t r acki ng?%PAR_ACTI ON%=%ACT_FOLLOW_LI NK%"  
                          + " &%PAR_USER_ACTI ON%="  + user Act i on 
                          + " &%PAR_WI NDOW%=%wi ndow%"  
                          + " &%PAR_LI NK_KEY%="  + key 
                          + " &%PAR_FROM_FRAME%=%f r omFr ame%"  
                          + " &%PAR_TARGET_FRAME%=%f r omFr ame%"  
                          / /  add i gnor ed val ue t o avoi d br owser  cachi ng 
                          + " &i gnor e="  + Mat h. r ound( Mat h. r andom( ) * 100000) ;  
    / /  sect i on i s t he f r agment  wi t hi n a page ( ' ht t p: / / [ . . . ] / I LOH1DPH#VHFWLRQ' )  
� � � � YDU sect i on = ext r act Sect i on( ur l ) ;  
    LI  ( sect i on)  {  
        newLocat i on += " &%PAR_SECTI ON%="  + sect i on;  
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    }  
    LI  ( par ams)  {  
        newLocat i on += par ams;  
    }  
    newLocat i on += " &%PAR_RESOURCE%="  +ur l ;  / /  must  al ways be l ast  f or  #VHFWLRQ t o wor k 
 
    / /  updat e l ocat i on f i el d 
� � � � LI  ( t op. TWFr ameNavi gat i on. document . For mLocat i on)  {   / /  HTML navi gat i on- UI  
        t op. TWFr ameNavi gat i on. document . For mLocat i on. Locat i onFi el d. val ue = ur l ;  
    }  
    LI  ( t op. TWFr ameNavi gat i on. document . f l ashNav)  {   / /  Fl ash navi gat i on- UI  
        t op. TWFr ameNavi gat i on. document . f l ashNav. Set var i abl e( " ur l " ,  ur l ) ;  
    }  
 
    / /  r equest  t he page f r om t he ser ver  ( t o t he Cont ent - Fr ame)  
    t op. TWFr ameCont ent . l ocat i on. hr ef  = newLocat i on;  
 
    / /  show t he t ext  " Loadi ng Page. . . "  i n t he t i t l e- f r ame 
    t op. TWFr ameTi t l e. l ocat i on. hr ef  = " t r acki ng/ br owser Ti t l e. j sp?t i t l e=Loadi ngPage" ;  
}  

When a page has been loaded into the client  and is being displayed, the following 
JavaScript  code is executed ( this is done by not  encapsulat ing it  within a m ethod) :   

t op. TWFr ameTi t l e. l ocat i on. hr ef  = " t r acki ng/ br owser Ti t l e. j sp?t i t l e=� 7, 7/ ( � � ;  
 
t op. TWFr ameSt at sScope. document . For mLi nksScope. UDQGRP. val ue 
                                              = Mat h. r ound( Mat h. r andom( ) * 100000) ;  
t op. TWFr ameSt at sScope. document . For mLi nksScope. submi t ( ) ;  

The first  statem ent  loads a JSP to the t it le fram e that  displays the t it le of the displayed 
page. %TI TLE% is replaced by the server with the t it le of the docum ent  before the 
docum ent  ( including this code)  is sent  to the client .  

To understand the following two statem ents, one m ust  know that  loading the stat ist ical 
page is t r iggered from  a form  below that  stat ist ical page, in which the user  can select  
the scope for which the stat ist ics shall be applied (only him self,  a com m unity or all 
users) .  The f irst  of the two statem ents sets the value of a hidden input  f ield ( r andom) 
in that  form  (For mLi nksScope)  to a random  value to assure that  the browser will not  
use its cache. Then, it  sim ply subm its the form  -  and the stat ist ics are reloaded, just  as 
if the user  had selected another  scope.  

No further param eters are required because the server stores the state, in part icular 
which docum ent  the user is current ly v iewing. This leads to the discussion what  
happens on the server ...   

The Act ivity  Diagram  in figure $ � � � � � �  illust rates what  happens on the server when a 
page is ret r ieved and processed. This will be explained in detail shorty,  but  first  t he 
Java classes im plem ent ing this funct ionality shall be int roduced:   

The Class Diagram  shown in figure $ � � � � � �  gives an overview of the classes on the 
server involved in ret r iev ing and processing docum ents from  other Web servers. I t  also 
illust rates the pat tern encapsulat ing the funct ionality from  the servlets m ent ioned in 
appendix $ � � .  
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The diagram  shows three classes:   

� Tr acki ngSer vl et :  I nstant iated by the Servlet  container.  Whenever a HTTP 
request  from  a client  is sent  to the server,  either doGet ( . . . )  or doPost ( . . . )  are 
called (depending on the HTTP request  m ethod) , with two param eters:  the 
request  encapsulated in an object  and an object  for sending the result .  Within 
these m ethods, Tr acki ngSer vl et  checks what  k ind of DFWLRQ is requested and 
ext racts further param eters from  the request  object . Then the m ethod of 
Tr acki ngSuppor t  required for  the given DFWLRQ is called with the relevant  
param eters.  

� Tr acki ngSuppor t :  Provides the m ethods relevant  for t racking a user browsing 
the Web. r equest Page( . . . )  and f ol l owLi nk( . . . )  delegate the work involved 
with ret r ieving and processing a Web page to the PagePr ocessor .  

� PagePr ocessor :  Loads pages from  their  or iginal server and applies all relevant  
processing as described below. Furtherm ore, this class provides caching for Web 
pages to avoid the significant  processing task. The class provides the actual logic 
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for ret r iev ing and processing the docum ents and its funct ion is explained in detail 
in the rem ainder of this sect ion.  
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The server m ust  know what  kind of navigat ion event  caused loading of the new page 
(%PAR_ACTI ON% /  %PAR_USER_ACTI ON%). For this, var ious m ethods exist  that  are called 
on the server.  This funct ionality  is im plem ented with m ethods of class 
Tr acki ngSer vl et  that  looks sim ilar to the following code fragm ent  (which is a 
"polished" version of the or iginal doGet ( . . )  m ethod) :   

SXEOLF� YRLG doGet ( Ht t pSer vl et Request  r equest ,  Ht t pSer vl et Response r esponse)  {  
    / /  get  al l  par amet er s f r om t he HTTP r equest  encapsul at ed i n t he r equest  obj ect  
� � � � I LQDO St r i ng  DFWLRQ        = r equest . get Par amet er ( 3$5B$&7, 21) ;  
� � � � I LQDO St r i ng  ZLQGRZ        = r equest . get Par amet er ( 3$5B: , 1' 2: ) ;  
� � � � I LQDO St r i ng  I URP) UDPH     = r equest . get Par amet er ( 3$5B) 520B) 5$0( ) ;  
� � � � I LQDO St r i ng  WDUJHW) UDPH   = r equest . get Par amet er ( 3$5B7$5* ( 7B) 5$0( ) ;  
� � � � I LQDO St r i ng  NH\            = r equest . get Par amet er ( 3$5B/ , 1. B. ( <) ;  
� � � � I LQDO St r i ng  VHFWLRQ       = r equest . get Par amet er ( 3$5B6( &7, 21) ;  
� � � � I LQDO St r i ng  XVHU$FWLRQ    = r equest . get Par amet er ( 3$5B86( 5B$&7, 21) ;  
� � � � I LQDO URI      UHVRXUFH      = new URI ( r equest . get Par amet er ( 3$5B5( 6285&( ) ) ;  
� � � � I LQDO bool ean NHHS85,        = " t r ue" . equal s( r equest . get Par amet er ( 3$5B. ( ( 3B85, ) ) ;  
� � � � I LQDO bool ean FORVH5HVSRQVH = " t r ue" . equal s( r equest . get Par amet er ( 3$5B&/ 26( B5( 63216( ) ) ;  
 
    / /  get  t he sessi on so t hat  t he cur r ent  user  can be obt ai ned 
    / /  ( t hi s must  be done t hi s way due t o t he st at el essness of  t he HTTP- pr ot ocol )  
� � � � I LQDO Ht t pSessi on sessi on = r equest . get Sessi on( ) ;  
� � � � I LQDO User  XVHU = ( User )  sessi on. get At t r i but e( User Management Ser vl et . SES_USER) ;  
 
    / /  pr epar e t he out put  
    / /  set  t he MI ME t ype of  t he r esul t i ng Web page 
    r esponse. set Cont ent Type( " t ext / ht ml " ) ;  
    I LQDO Pr i nt Wr i t er  WR&OLHQW = r esponse. get Wr i t er ( ) ;  
 
    / /  now f or war d t he r equest  i n an obj ect  or i ent ed manner  t o Tr acki ngSuppor t ,  
    / /  hi di ng al l  HTTP- speci f i c  st uf f  
� � � � LI  ( DFWLRQ. equal s( $&7B23( 1B: , 1' 2: ) )  {  
        VXSSRUW� RSHQ: LQGRZ� WR&OLHQW� � XVHU� � ZLQGRZ� � UHVRXUFH� �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � VHFWLRQ� � NHHS85, � � XVHU$FWLRQ� �  
    }  HOVH� LI  ( DFWLRQ. equal s( $&7B&/ 26( B: , 1' 2: ) )  {  
        VXSSRUW� FORVH: LQGRZ� WR&OLHQW� � XVHU� � ZLQGRZ� � FORVH5HVSRQVH� �  
    }  HOVH� LI  ( DFWLRQ. equal s( $&7B5( 48( 67B3$* ( ) )  {  
        VXSSRUW� UHTXHVW3DJH� WR&OLHQW� � XVHU� � ZLQGRZ� � UHVRXUFH� �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � VHFWLRQ� � WDUJHW) UDPH� � XVHU$FWLRQ� �  
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    }  HOVH� LI  ( DFWLRQ. equal s( $&7B) 2/ / 2: B/ , 1. ) )  {  
        VXSSRUW� I ROORZ/ LQN� WR&OLHQW� � XVHU� � ZLQGRZ� � NH\ � � UHVRXUFH� �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � VHFWLRQ� � I URP) UDPH� � WDUJHW) UDPH� � I DOVH� � XVHU$FWLRQ� �  
    }  HOVH� LI  ( DFWLRQ. equal s( $&7B3267B) 250) )  {  
        VXSSRUW� I ROORZ/ LQN� WR&OLHQW� � XVHU� � ZLQGRZ� � NH\ � � UHVRXUFH� �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � VHFWLRQ� � I URP) UDPH� � WDUJHW) UDPH� � I DOVH� � XVHU$FWLRQ� �  
    }  
    t oCl i ent . c l ose( ) ;  
    r esponse. get Wr i t er ( ) . c l ose( ) ;  
}  

With the URI  that  is being requested, the server first  checks if that  page is cached and 
if so, and if the version of the docum ent  in the cache is st ill current ,  it  is direct ly sent  
to the client .   

I f no current  version of the docum ent  is available in the cache, the page is ret r ieved 
from  the or iginal server.  I f there is a problem  ret r ieving the page from  its or iginal 
server, an error m essage is returned to the client .  Otherwise, the docum ent  can be 
parsed with JTidy and further processing can take place in the DOM t ree. This is done 
in the following m ethod of class PagePr ocessor  ( sim plified for illust rat ion purposes:  
the or iginal m ethod is m ore generic) :   

/ * *  
 *  Loads and par ses XUO f r om t he or i gi nal  ser ver .  
 *  @par am ur l   t he l ocat i on of  t he document  
 *  @r et ur n t he document  as DOM 
 * /  
SXEOLF Document  l oadPage( URI  ur l )  WKURZV I OExcept i on {  
    I LQDO I nput St r eam i nput  = ur l . openSt r eam( ) ;  
    I LQDO Buf f er edI nput St r eam i n = new Buf f er edI nput St r eam( i nput ) ;  
    I LQDO Ti dy t i dy = QHZ Ti dy( ) ;  
    I LQDO Document  page = t i dy. par seDOM( i n,  QXOO) ;  
    r et ur n page;  
}  

All relat ive URI s m ust  be m ade absolute. This is because the page has been loaded 
from  the WHDP ; Z HE server, and any relat ive URI s would thus point  to files on 
WHDP ; Z HE that  obviously do not  exist .  As the HTML-DOM t ree is used, this is a very 
st raight forward task as the following code fragm ent  illust rates ( code has been 
sim plified for illust rat ion purposes:  the or iginal m ethod is m ore generic) :   

/ * *  
 *  Makes cont ent  of  t he KUHI  at t r i but e of  t he D el ement  absol ut e.  
 *  @par am ur l   t he or i gi nal  URI  of  GRF whi ch i s used as base f or  r el at i ve URI s 
 *  @par am doc  t he document  r ef er r ed t o by XUO,  par sed wi t h JTi dy 
 * /  
SXEOLF� YRLG makeURI sAbsol ut e( URI  ur l ,  Document  doc)  {  
    I LQDO NodeLi st  el ement s = doc. get El ement sByTagName( " a" ) ;  
 
    El ement  el ement  = QXOO;  
    I RU ( LQW i  = 0;  i  < el ement s. get Lengt h( ) ;  i ++)  {  
        el ement  = ( El ement )  el ement s. i t em( i ) ;  
        St r i ng at t r i but eVal ue = get Absol ut eURI ( ur l ,  " hr ef " ) ;  
        LI  ( at t r i but eVal ue ! = QXOO)  {  
            el ement . set At t r i but e( at t r i but eName,  at t r i but eVal ue) ;  
        }  
    }  
}  

I f the page in quest ion defines a fram eset ,  the contents of t he sr c at t r ibutes of f r ame
elem ents m ust  be replaced so that  they are ret r ieved from  the WHDP ; Z HE server.  
Otherwise the hr ef  at t r ibutes of a (anchor)  and ar ea ( im age m ap)  elem ents m ust  be 
replaced with a JavaScr ipt  call that  does what  has been previously explained for the 
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client  context . This is done in a m ethod that  looks a bit  like the following code 
fragm ent  ( sim plified significant ly) :   

/ * *  
 *  Rewr i t es t he URI s i n usual  l i nks so t hat  t hey st ay wi t hi n t he syst em.  
 *  @par am page t he ( model - ) r epr esent at i on of  t he document  on t he ser ver  
 *  @par am doc  t he DOM- r epr esent at i on of  ur l  
 *  @par am f r omFr ame t he f r ame i n whi ch ur l  r esi des 
 * /  
SXEOLF� YRLG handl eLi nkEl ems( WebPage page,  St r i ng t i t l e,  Document  doc,  St r i ng f r omFr ame)  {  
    / /  do f or  al l  " a"  el ement s i n t he document  
    NodeLi st  anchor s = doc. get El ement sByTagName( " a" ) ;  / /  or  " ar ea"  
� � � � I RU ( LQW i  = 0;  i  < anchor s. get Lengt h( ) ;  i ++)  {  
        El ement  anchor  = ( El ement )  anchor s. i t em( i ) ;    / /  get  el ement  
        St r i ng hr ef  = anchor . get At t r i but e( " hr ef " ) ;     / /  get  i t s  hr ef - at t r i but e 
        i f  ( hr ef  ! = QXOO && ! hr ef . equal s( " " ) )  {  
            St r i ng t ar get  = anchor . get At t r i but e( " t ar get " ) ;  / /  save t ar get  
            / /  i f  a t ar get  at t r i but e exi st s,  i t  must  be r emoved -  or  el se,  
            / /  t he new document  wi l l  be l oaded t o a f r ame we cannot  cont r ol !  
            anchor . r emoveAt t r i but e( " t ar get " ) ;  
            / /  get  a uni que key f or  t he l i nk 
            St r i ng key = page. addLi nk( hr ef ,  f i ndAnchor Text ( anchor ) ,  t ar get ) ;  
            St r i ng par ams = " " ;  
            f i nal  i nt  par amSt ar t  = hr ef . i ndexOf ( " ?" ) ;  
            i f  ( par amSt ar t  > - 1)  {  
                par ams = " &"  + hr ef . subst r i ng( par amSt ar t +1) ;  
                hr ef  = hr ef . subst r i ng( 0,  par amSt ar t ) ;  
            }  
            / /  now,  i f  i t  i s  an ht t p- URI ,  wr ap i t  i nt o t he j avascr i pt - st at ement  
            / /  mai l t o,  f t p and ot her  pr ot ocol s ar e i gnor ed!  
            i f  ( hr ef . st ar t sWi t h( " ht t p" ) )  {  
                / /  CASE 1:  page i s l oaded t o cont ent  f r ame ( s i mpl e)  
                i f  ( ( t ar get  == QXOO | |  Br owser Fr ame. TOP. equal s( t ar get ) )  
                    && f r omFr ame. equal sI gnor eCase( Br owser Fr ame. TOP) )  {  
                    hr ef  = " j avascr i pt : l oadURI ToCont ent Fr ame( ' " +key+" ' ,  ' "  
                         +hr ef +" ' ,  ' " +par ams+" ' ,  ' " +Br owser Wi ndow. FOLLOWED_LI NK+" ' ) " ;  
                }  el se {  / /  CASE 2:  page i s l oaded t o some f r ame 
                    hr ef  = " j avascr i pt : l oadURI ToTar get ( ' " +key+" ' ,  ' "  
                         + ( t ar get  == nul l  ? f r omFr ame :  t ar get )  
                         + " ' ,  ' "  + hr ef  + " ' ,  ' "  + par ams + " ' ,  ' "  
                         + Br owser Wi ndow. FOLLOWED_LI NK+" ' ) " ;  
                }  
            }  
            / /  updat e t he document  wi t h t he new hr ef - val ue 
            anchor . set At t r i but e( " hr ef " ,  hr ef ) ;  
        }  
    }  
}  

The relevant  JavaScript  m ethods are included with the processed docum ent . This is 
because from  a docum ent , only JavaScript  m ethods defined in that  docum ent  can be 
accessed. Fur therm ore, the m ethod calls that  will update t it le and stat ist ics fram e at  
the client  are included (see above) . Then, the DOM t ree is ser ialized and sent  to the 
client .   

Finally, the relevant  updates to the server m odel m ust  be applied. This includes 
updat ing the current  locat ion of the user on the Web as well as appending the current ly 
viewed page to the history of the current  session. This whole process is illust rated in 
figure $ � � � � � � .   
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To illust rate how WHDP ; Z HE integrates collaborat ion features com pared to other 
system s, a feature m at r ix with the m ost  im portant  features has been created. A less 
detailed overview that  also com pares WHDP ; Z HE to m ajor Web com m unit it ies has been 
included in chapter � � � .  I n the rows of the m at r ix  a set  of features is listed. The 
colum ns contain whether a given feature is im plem ented or not  in WHDP ; Z HE� � $ / 3+ $ �
� �  and four Web browsers, nam ely 0 R] LOOD� � � � � � DOSKD� , 2 SHUD� � � � ,  , QWHUQHW� ( [ SORUHU�
� � �  and $P D\ D� � � � .  1 HWVFDSH�� � [  was not  included because it  is out  of date.  
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Footnotes:  
1 Many Web browsers im plem ent  features not  docum ented in the Web standards (e.g.,  HTML 4.01 or  XHTML 1.0) , and 
many Web designers use these features.  Therefore, when Web pages are shown on other  browsers they m ay not  look 
as intended. To the user, it  makes no difference whether the docum ent  is not  conform ing to the standard -  he wants to 
see the docum ent  rendered nicely . As m any Web designers test  their  pages m ainly on the I nternet  Explorer,  t hat  is the 
browser with the best  "user  experience" concerning display Web pages as intended. Mozilla and Opera do have some 

� %URZ VHUV

WHDP ; Z HE 0 R] LOOD 2 SHUD , ( $ P D\ D

) �
H�
D�
W�
X�
U�
H�
V�

� �&RP P RQ�%URZ VHU�) XQFWLRQDOLW\

� � � �%URZ VLQJ

1.1.1 Enter URI  Manually

1.1.2 Follow Link

1.1.3 Open New Browser Window

1.1.4 Open Link in New Window

1.1.5 Save Linked Docum ent  to Disk

1.1.6 Display m ost  Web Pages as I ntended 
1

� � � �+ LVWRU\ �DQG�%RRNP DUNV

� � � � � �+ LVWRU\

1.2.1.1 Back But ton

1.2.1.1.1 Stack Based

1.2.1.1.2 Recency Based

1.2.1.2 History of Sessions

1.2.1.3 Browse History

1.2.1.3.1 History Grouped by Sessions

1.2.1.3.2 History Grouped by Windows

1.2.1.3.3 History Grouped by Dom ains

1.2.1.4 Supports Fram esets in History 2

1.2.1.5 Access History Anywhere

1.2.1.6 Share History with Com m unit ies

1.2.1.7 History Logging can be Switched 
Off

� � � � � �%RRNP DUNV

1.2.2.1 Store Bookm arks

1.2.2.2 Store Bookm arks on Fram esets

1.2.2.3 Modify Bookm arks

1.2.2.4 Categor ize Bookm arks 3

1.2.2.5 Not if icat ion on Bookm ark Change 4

1.2.2.6 View Bookm arks Overview, with 
Descr ipt ions

1.2.2.7 Access Bookm arks Anywhere

1.2.2.8 Share Bookm arks with 
Com m unit ies
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problem s with som e pages but  st ill display m ost  pages the way they were designed. Amaya st r ict ly im plements the 
standards and thus fails with m any pages, and {e|2}K~T•M€�|3•  fails part icular ly with non-standard navigat ion (e.g., Flash, 
JavaScript  or Java) .  
2 I nternet  Explorer stores the pages that  are ret r ieved. That  way, the single docum ents displayed in a fram eset  can be 
restored from the history. However,  the whole fram eset  can not  be restored.  
3 Current ly only in a flat  categor izat ion -  future versions will prov ide hierarchial categor izat ion.   
4 Allows the user set t ing a date when the docum ent  is checked for  changes and if changes have occured, the user  is 
not ified.  
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� %URZ VHUV

WHDP ; Z HE 0 R] LOOD 2 SHUD , ( $ P D\ D

) �
H�
D�
W�
X�
U�
H�
V�

� �&ROODERUDWLRQ

2.1 Work with Com m unit ies (create, 
m odify, j oin)

2.2 Sending Messages to Other Users 1 2 2

2.3 Sending Messages to Com m unity

2.4 Accessing Messages Anywhere

2.5 Synchronous Com m unicat ion [ Chat ] 3 4 5

2.6 Chat  with Users on Sam e Page 3

� � � �$ QQRWDWLRQV

2.7.1 Annotat ions linked to Docum ent  
Fragm ents

2.7.2 Annotat ions linked to Docum ents

2.7.3 Annotat ions linked to Dom ains

2.7.4 Private Annotat ions

2.7.5 Com m unity Annotat ions

2.7.6 Public Annotat ions

� � � � , QWHJ UDWHG�, QWHUI DFH

2.8.1 Sam e I nterface for  Annotat ions and 
Messages

2.8.2 I ntegrated Overview over 
Annotat ions and Messages

� �2 ULHQWDWLRQ�� �6 WDWLVWLFV

3.1 View Num ber of Visits (Self, 
Com m unity, All)

3.2 View Num ber of Previous Visitors

3.3 View Num ber of Current  Visitors

� � � � / LQNV

3.4.1 Overview of Links in the Current  
Docum ent

3.4.2 See How Often Which Link was 
Followed

3.4.3 See Links Leading to Docum ent 6

3.4.4 See How often Links of Docum ent  
were Used

3.4.5 See How often Links Leading to 
Docum ent  were Used

� �7HFKQLFDO

4.1 Available Plat form s All 7 All 8 Most  9 Few 10 Most  11

4.2 Requires I nstallat ion

4.3 Requires Authent ificat ion 12 13 13 13 14
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Footnotes:  
1 Current ly , only a propr ietary m essaging system  is included. I ntegrat ion of asynchronous com m unicat ion via the 
standard protocols (SMTP, POP3, I MAP4)  is planned for a future version.  
2 Via the standard protocols SMTP, POP3 and I MAP4 (only Mozilla) . EMail- adresses of other  users must  be known.  
3 Not  im plemented, yet .  
4 With an own client  for the standard protocol I RC (no instant  m essaging) .  
5 With an own client  for I CQ ( instant  m essenger) .  
6 However,  the num ber of links point ing to a docum ent  can be displayed.  
7 {e|2}K~T•M€�|3•  only  requires a browser that  supports JavaScr ipt . Such browsers are available on all plat forms, and 
therefore {e|2}K~T•M€�|3•  is available on all plat form s (at  least :  plat form s with graphical user interfaces) .   
8 Mozilla builds are available for :  Win32, MacOS 9.x, MacOS X, Linux (x86, sparc64, PowerPC) , AI X, BeOS, BSD/ OS 
(bsdi) , FreeBSD, HPUX, NetBSD, OpenVMS, OS/ 2, Solar is. As the source code is available,  it  m ay be possible to compile 
Mozilla for  other plat form s as well.   
9 Opera is im plemented for  the following operat ing system s:  Windows, Linux, Mac, OS/ 2, Solaris, QNX, Symbian.  
10 Windows (all 32 bit  versions) , Mac OS  
11 Binary dist r ibut ions of Am aya are available for:  Linux, Sparc / Solaris, AI X, OSF1, Windows (NT, 95 and 98) . As the 
source code is available, it  may be possible to com pile Mozilla for other  plat form s as well.   
12 The system  can be tested with a guest -account  that  requires no authent if icat ion. However,  all guests share the same 
account  and thus stored inform at ion m ay be lost  from  one session to another .  
13 No authent if icat ion is required for com m on browser funct ionality . For  com m unicat ion features (e.g.,  eMail, chat  or 
instant  m essaging) , authent if icat ion is required.  
14 No authent ificat ion is required for  com mon browser funct ionality . However, for annotat ions that  shall be stored on a 
public server , a server m ust  be found out  and configured and such a server  m ay require authent ificat ion.  This can be a 
problem  as creat ing an account  on that  server  is not  integrated into Amaya.  
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$ SSHQGL[ �&� �( [ SHULP HQW�DQG�8 VHU�6 XUYH\ �
5 DZ �0 DWHULDOV�

$ SSHQGL[ �&� � � �( [ SHULP HQW�5 DZ � ' DWD�

The WHDP ; Z HE prototype has one page that  can be used for get t ing stat ist ical data of 
the system . These JSP generated stat ist ics are accessible via 
ht tp: / / team Xweb.com / team Xweb/ stat ist ics/ system Stats. jsp. Am ong other  inform at ion, 
there is an overview of all users of the system  and how often they have visited 
WHDP ; Z HE, an overview of the com m unit ies and an overview of all v isited Web sites 
and Web pages. These stat ist ics are opt im ized for  being viewed on the Web and 
therefore not  included in the current  work ( the short  version pr ints to about  25 pages) . 
Various snapshots of this data at  different  phases of the exper im ent  are available at  
ht tp: / / www.team Xweb.com / doc/ stat ist ics/ index.shtm l.  

$ SSHQGL[ �&� � � �4 XHVWLRQQDLUH�XVHG�I RU�WKH�8 VHU�6 XUYH\ �

The quest ionnaire that  has been used for conduct ing the user  survey is available at  
ht tp: / / team Xweb.com / team Xweb/ stat ist ics/ quest ionnaire2.j sp. I t  has been writ ten in 
Germ an language as the part icipants were Germ an and m ore people are likely to 
respond to a quest ionnaire in their  nat ive language. There had been another 
quest ionnaire before that  wasn't  used for the results because all the quest ions covered 
in the first  quest ionnaire were also covered in the second quest ionnaire, and there 
were only few responses to the first  quest ionnaire.  

The quest ionnaire basically  looks like the results given in the next  sect ion.  

$ SSHQGL[ �&� � � �5 HVXOWV�RI �WKH�6 XUYH\ �

This sect ion contains the raw results of the user survey. As the survey has been 
conducted with Germ an people, everything is in Germ an. The num bers given are the 
num ber of people who answered the quest ions posit ively.  The percent  num bers given 
in parenthesis next  to the num bers are related to the all respondents ( i.e. , 38) . For a 
sum m ary of the results ( in English) , see chapter � � � .   

$ OOJ HP HLQH�$ QJ DEHQ 

Beantwortete Frageb� gen: 38

eMail-Adresse: X 

team Xweb- login ( falls vorhanden) : X 

Haupt fach: I nform at ik 29 (76.3 % )

Ethnologie 2 (5.26 % )

Anglist ik 1 (2.63 % )

Com puterlinguist ik 1 (2.63 % )

Polit ikwissenschaft 1 (2.63 % )

Psycholinguist ik 1 (2.63 % )
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) UDJ H�� �YRQ�� � � �Hast  Du team Xweb schon ausprobiert?  

Nebenfach: Com puterlinguist ik 5 (13.2 % )

Kom m unikat ionswissenschaften 5 (13.2 % )

Stat ist ik 4 (10.5 % )

I nform at ik 3 (7.89 % )

Mathem at ik 3 (7.89 % )

Biologie 2 (5.26 % )

BWL 2 (5.26 % )

Psychologie 2 (5.26 % )

VWL 2 (5.26 % )

Am erikanische Kunstgeschichte 1 (2.63 % )

Ethnologie 1 (2.63 % )

Jura 1 (2.63 % )

Mikrobiologie 1 (2.63 % )

Phonet ik 1 (2.63 % )

Physik 1 (2.63 % )

Politologie 1 (2.63 % )

Technik 1 (2.63 % )

Sem ester: 4. Sem ester 22 (57.9 % )

3. Sem ester 2 (7.89 % )

8. Sem ester 2 (7.89 % )

12. Sem ester 2 (7.89 % )

2. Sem ester 1 (2.63 % )

7. Sem ester 1 (2.63 % )

10. Sem ester 1 (2.63 % )

14. Sem ester 1 (2.63 % )

Über welche Veranstaltung hat test  
Du von team Xweb erfahren?

XML-Prakt ikum 3 (7.89 % )

Program m ierprakt ikum 18 (47.37 
% )

Ethnologie@I nternet 5 (13.16 % )

I nform at ik HS WWW I 18n and 
L10n

1 (2.63 % )

Sonst ige Feldversuchsteilnehm er 8 (21.05 % )

Hat test  Du einen Vort rag zu 
team Xweb geh� rt?

ja 16 (42.11 % )  

nein 20 (52.63 % )  

Hast  Du Dir die Projektseite m al 
angesehen?

ja 22 (57.89 % )  

nein 14 (36.84 % )  

Ja, ich habe ein Account  angelegt 15 (39.47 % )  
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) UDJ H� � � YRQ� � � � � QXU� $ QWZ RUWHQ�� I DOOV� YRUKHU� $ QWZ RUW� � � RGHU� � � J HJ HEHQ�
Z XUGH� � �  
Wieso nicht  (Mehrfachangaben m � glich)?  

) UDJ H� � � YRQ� � � � � 1 XU� $ QWZ RUWHQ�� I DOOV� P DQ� QXU� GDV� * DVW� $ FFRXQW� J HWHVWHW�
KDW� � �  
Wieso hast  Du kein eigenes Account  angelegt  (Mehrfachangaben m � glich)?  

Ja, m it  dem  Gast -Account 1 (2.63 % )  

Nein, ich habe m ir WHDP ; Z HE noch nicht  angesehen. 13 (34.21 % )  

Nein, ich werde m ir  WHDP ; Z HE nicht  ansehen. 8 (21.05 % )  

I ch hat te leider keine Zeit . 3 (7.89 % )  

I ch benutze das World Wide Web kaum , da lohnt  sich das nicht . 0 (0 % ) 

I ch hat te Sicherheitsbedenken bzgl. m einer Privatsphäre. 3 (7.89 % )  

I ch wollte nicht  Versuchskaninchen spielen. 2 (5.26 % )  

I ch wusste nicht ,  wozu das gut  sein soll. 6 (15.79 % )  

Mich interessiert  sowas nicht . 3 (7.89 % )  

Sonst iges: " ich habe noch nicht  einm al das session-cookie f� r  diese um frage zugelassen.. . 
der hauptgrund war aber absoluter zeitm angel."  

"Den Punkt  " I ch wusste nicht , wozu das gut  sein soll"  interpret iere ich 
dahingehend, dass ich sehr wohl begriffen habe, wozu team Xweb gut  sein soll, 
aber nicht  einsehe, wer diese Funkt ionalität  wirklich ben� t igt . Soll heißen:  Die 
Features sind zwar alle ganz net t , aber nichts was es f� r  m ich annähernd 
recht fert igen w� rde, m ich intensiv genug m it  dem  System  zu beschäft igen um  es 
eff izient  benutzen zu k� nnen. 
Allgem ein interessieren m ich solche Ansätze aber auch nicht . I ch benutze ja noch 
nicht  m al einen I nstant  Messenger wie I CQ." 

" team Xweb ist  wie der Nam e schon sagt  f� r  ein ganzes Team  gedacht .  I ch habe 
allerdings niem als in einem  geeignetem  Team  gearbeitet  um  die Vorteile 
team Xwebs nutzen zu k� nnen. F� r das Program m ierprakt ikum  an dem  ich 
Teilgenom m en habe, haben wir  das I nternet  kaum  ben� t igt  (allerh� chstens nur 
die Java API ) ."  

"Da es in unserem  Program m ierprakt ikum  sehr selten etwas im  I nternet  zu 
suchen gab, war es nicht  sinnvoll team Xweb einzuf� hren."  

" ich habe grundsätzlich Cookies und Javascript  deakt ivier t  und m � chte das auch 
nicht  ändern."  

I ch bin noch nicht  dazu gekom m en (oder:  habe sowieso keine Zeit ) . 0 (0 % ) 

I ch benutze das World Wide Web kaum , da lohnt  sich das nicht . 0 (0 % ) 

I ch hat te Sicherheitsbedenken bzgl. m einer Privatsphäre. 0 (0 % ) 

I ch wollte nicht  Versuchskaninchen spielen. 0 (0 % ) 

I ch wusste nicht ,  wozu das gut  sein soll. 0 (0 % ) 

Mich interessiert  sowas nicht . 0 (0 % ) 

Mich hat  der Versuch m it  dem  Gast -Account  abgeschreckt . 0 (0 % ) 
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) UDJ H�� �YRQ�� � � � QXU�$ QWZ RUWHQ��Z HQQ�P DQ�HLQ�$ FFRXQW�DXI �WHDP ; Z HE�KDW� � �  
Wie oft  hast  Du WHDP ; Z HE benutzt?  

) UDJ H� � � YRQ� � � � � QXU� $ QWZ RUWHQ�� Z HQQ� P DQ� WHDP ; Z HE� Z HQLJ HU� DOV� � � � 0 DO�
EHQXW] W�KDW� � �  
Wieso nicht  � fters (Mehrfachangaben m � glich)?  

Sonst iges:

1-4 Sessions. 13 (34.21 % )  

5-10 Sessions. 1 (2.63 % )  

Mehr als 10 Sessions (weiter m it  Frage 6 >� ) � @). 1 (2.63 % )  

WHDP ; Z HE war m ir zu kom pliziert . 1 (2.63 % )  

WHDP ; Z HE hat  m ir pers� nlich nichts gebracht . 4 (10.53 % )  

I ch habe m eine Zugangsdaten vergessen. 2 (5.26 % )  

Da waren zu wenige Leute, die ich kannte. 1 (2.63 % )  

Da war zu wenig I nhalt , der m ir  etwas gebracht  h� t te. 4 (10.53 % )  

Sonst iges: "bislang zu selten Gelegenheit .  Der Nutzen von team Xweb h� ngt  entscheidend 
von den I nhalten ab, die wegen der kurzen Zeit  verst � ndlicherweise noch nicht  
sehr � ppig waren "  

"Lesezeichen dam als noch nicht  export ierbar"  

" I ch denke, das Team XWeb vor allem  f� r Arbeitsgruppen gut  geeignet  ist ,  die 
gem einsam  � ber ein hom ogenes Them a recherchieren. Da ich m om entan nicht  in 
so einer Arbeitsgruppe bin, fehlt  da die Mot ivat ion. Ausserdem  ist  es 
um st � ndlicher zu bedienen als ein norm aler Browser und alles wird m itgeloggt , 
deshalb nehm e ich es auch nicht  f� r  Recherchen zu anderen Them en, an denen 
ich alleine arbeite."  

" I ch glaube per� nlich, dass die Abwesenheit  eines konkreten Projektes den 
Ausschlag gegeben hat .Ökonom isch ausgedr� ck scheint  die Angebotsseite nicht  
auszureichen -  eine direkte Nachfrage w� re dr ingend notwendig gewesen. 
I ch habe � ber legt  es m it  m einen Arbeitskollegen auszuprobieren, da wir h� ufig 
auf die gleichen Seiten zugreifen. I ch habe m ich aber aus diesen Gr� nden 
dagegen entschieden:  
1)  Unbekanntes Konzept , d.h. ich m uss es posit iv darstellen und "verm arkten". 
Dadurch � bernehm en ich aber auch die Verantwortung daf� r.  
2)Wir benutzen in erster Linie online Literaturrecherchetools, die prakt isch alle 
entweder Java oder Java-Skript  verwenden. 
3)Das System  war zu anf� llig. I ch hab© dir  ja 1-2 m al deswegen gem ailt . Der 
Punkt  ist , dass ich nicht  das Gef� hl hat te, das m eine m � glichen 
Kooperat ionspartner in I T-Sachen eine gen� gend große Toleranzgrenze f� r so 
etwas haben."  

" ich werde es ab jetzt  regelm aessig benutzen! "  

"m ein Surfverhalten ist  ganz anders:  ich brauche m ehr browserfenster und ich 
will schnell zum  Ziel:  team Xweb ist  eher eine eigene Anwendung zur Nutzung des 
I nternet . I ch m ag m ich nicht  um stellen, weil ich keine Zeit  ver lieren will (k � nnte 
sich � ndern, wenn das I nternet  m ehr im  Vordergrund steht .. .) "  
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) UDJ H� � � YRQ� � � � � Wie gut  haben Dir folgende Teile von WHDP ; Z HE gefallen bzw. wie 
wicht ig waren Sie Dir  bei der Benutzung? 
( UOl XWHUXQJ � Es gibt  hier f � r  jeden Teilbereich von WHDP ; Z HE zwei Werte:  als wie 
wicht ig hast  Du den jeweiligen Bereich em pfunden, und wie gut  hat  Dir  die 
Um setzung im  Prototypen von WHDP ; Z HE gefallen. Diese Unterscheidung ist  wicht ig,  
weil in einer  sp� teren I m plem ent ierung best im m te Sachen ganz anders um gesetzt  
werden k� nnten. 
Hier jeweils den zut reffenden Wert  auf der Skala anklicken, die von "gut "  bis 
"schlecht "  bzw. von "wicht ig"  bis "unwicht ig"  geht . Die einzelnen Punkte k � nnt  ihr 
auch m it  Noten von 1 bis 6 interpret ieren (ganz links w� re dann also "sehr  gut " , die 
zweite von links "gut "  usw. bis ganz rechts dann "ungen� gend") .  

) UDJ H� � � YRQ� � � � � Was k� nnte Dich m ot iv ieren, WHDP ; Z HE � fters bzw. � berhaupt  zu 
benutzen (Mehrfachangaben m � glich)?  

"die ladezeiten waren zu lang und das layout  ist  ziem lich un� bersicht lich und 
unelegant ."  

Das Benutzer interface: wicht ig 9 7 0 0 1 0 unwicht ig

gut 0 5 8 2 2 0 schlecht

Dass m an es ohne I nstallat ion 
direkt  im  Web starten kann:

wicht ig 8 5 2 0 2 0 unwicht ig

gut 9 6 1 1 0 0 schlecht

Dass m an Bookm arks m it  
anderen teilen kann:

wicht ig 4 8 2 2 1 0 unwicht ig

gut 4 9 2 1 1 0 schlecht

Dass m an seine eigenen Bookm arks 
� berall benutzen kann:

wicht ig 8 5 1 1 1 0 unwicht ig

gut 4 6 4 1 1 0 schlecht

Dass m an die History m it  
anderen teilen kann:

wicht ig 0 2 7 2 3 2 unwicht ig

gut 2 5 5 3 1 0 schlecht

Dass m an seine eigene History 
� berall verf� gbar hat :

wicht ig 1 2 7 5 0 1 unwicht ig

gut 1 6 7 1 0 1 schlecht

Die Kom m unikat ion innerhalb 
von Com m unit ies:

wicht ig 4 6 3 1 1 1 unwicht ig

gut 1 3 8 4 0 0 schlecht

Die Kom m unikat ion bzw. Not izen 
auf Webseiten und Dom ains:

wicht ig 5 7 2 1 1 0 unwicht ig

gut 2 7 6 0 1 0 schlecht

Nichts. 1 (2.63 % )

Mehr, bessere Features (bit te Fragen 9 und 10 beantworten!) . 6 (15.79 % )

Mehr Leute, die es schon benutzen. 13 (34.21 % )

Freunde, die es benutzen und es m ir em pfehlen. 15 (39.47 % )

Wenn ich Geld daf� r bekom m e. 4 (10.53 % )

Wenn ich Geld daf� r bezahlen m uss -  nur wenn es 
etwas kostet , ist  es auch etwas wert !  

0 (0 % )
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) UDJ H�� �YRQ�� � � �Weitere I deen/ W� nsche?  

) UDJ H� � � YRQ� � � � � Welche Verbesserungen /  neuen Features w� rdest  Du Dir von 
WHDP ; Z HE w� nschen?  

) UDJ H� � � � YRQ� � � � � Weitere Vorschl� ge, Anm erkungen, Kom m entare, Fragen (auch 
zum  Fragebogen) :   

Privater Server f� r  m eine Com m unity/ Firm a/ Arbeitsgruppe, 
auf den sonst  niem and zugreifen kann. 

7 (18.42 % )

"Tastaturunterst � tzung" 

"werde m ir  zeit  nehm en um  es r icht ig auszuprobierne" 

"eien dezente einbindung in den internetexplorer ?"  

"Mein norm aler WebBrowser gef� llt  m it  sehr gut , und von Tag zu Tag besser (= Galeon) . Die 
Features von team Xweb finde ich auch klasse. 
Am  liebsten h� t te ich es, wenn team Xweb f� r m ich " t ransparent"  ist , egal welchen Browser 
ich wo verwende und ich t rotzdem  all die features habe. Fazit :  team Xweb reduziert  sich auf 
einen link ( fast  unsichtbar)  hinter dem  sich die ult im at ive Kom m unikat ionsplat t form  befindet . 
Bookm arks m � chte ich am  liebsten im - / export ieren k� nnen, um  deren fortbestand auch � ber 
die "Lebenszeit "  des team Xweb-Projektes gesichert  zu wissen, bzw. um  m it  m einen 
bestehenden Bookm arks gleich losarbeiten zu k � nnen (evt l Form atstandarts wie XBEL, 
Netscape- form at?)  
 
Alle Seiten m � ssen korrekt  dargestellt  werden, daf� r w� rde ich auch eine zus� tzliche 
Software (Plugin o. � .)  NI CHT! ! !  auf m einem  Rechner installieren."  

"Ein Plug- I n oder eine andere Client -  bzw. lokale L� sung auf dem  Rechner h� t te den Vorteil, 
daß m an sich nicht  jedesm al anm elden m � ßte, bevor m an ins Netz geht . Das war irgendwie 
m � ßig -  ich hab©s auch einfach irgendwann vergessen."  

"1. schnellere ladezeiten 
2. sch� neres layout  und schm alere balken oben und unten 
3. m ehr � bersicht lichkeit  
4.  klarheit  dar � ber, wann m an f� r andere sichtbar ist , oder nicht . 
5.  behebung von darstellungsfehler, zB um laute 
"  

Alle Seiten m � ssen korrekt  dargestellt  werden, daf� r  
w� rde ich auch eine zus� tzliche Software (Plugin o.� .)  
auf m einem  Rechner installieren. 

4 (10.53 % )  

Einen Chat  m it  anderen Leuten, die auf m einer Seite sind 
bzw. die in einer m einer Com m unit ies sind. 

6 (15.79 % )  

Die M� glichkeit , m ir Nachr ichten auf Seiten/ Com m unit ies/  
an m ich selbst  per eMail zusenden zu lassen (dam it  w� re  
jede Seite /  Com m unity autom at isch auch eine  
eMail-Mailing-List , die m an entweder per eMail oder in 
WHDP ; Z HE lesen kann) .  

4 (10.53 % )  

Die M� glichkeit  per eMail Nachr ichten an/ auf andere team Xweb 
Mitglieder /  Com m unit ies /  Webseiten zu schicken. 

7 (18.42 % )  
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"auf keinen fall sollte zusatzsoftware (bes. plugins)  n� t ig sein, 
dam it  die plat form unabh� ngigkeit  weiterhin gew� hr leistet  ist .  
... von einer j ava-vm  m al auf dem  client  m al abgesehen."  

" -  graphische Darstellung der Zugriffsh� ufigkeiten einzelner Seiten 
-  Seitenbewertung und aktuelle Bestenliste 
-  Warum  erscheinen Seiten, die in der Liste der ausgehenden Verweise einer Seite 
ausgew� hlt  werden, in einem  norm alen Browserfenster (ohne Team XWeb)?"  

"Sorry, aber ich denke, dass team xweb nur eine Kom binat ion von Diensten ist , die es schon 
gibt :  
Wenn ich einen Kollegen eine URI  geben will,  m aile ich sie ihm . 
Wenn ich m it  ihm  chat ten will,  benutze ich I RC 
usw...  
 
der Vorteil bei diesen Methoden ist , dass m an sich nirgends anm elden m uss und dass auch 
keine zusaetzlichen I nstallat ionen noet ig sind. 
 
m fg, Chr istopher"  

"Das schwerste ist  es sicher das bestehende Userverhalten auf Deine W� nsche um zubiegen" 

"zb ein (ht tpS) -webinterface fuer einen pop/ im ap (evt l m it  ssl)  m ailaccounnt  MEI NER wahl. 
das waer sehr prakt isch, auch wenns wahrscheinlich etwas "abseits"  des projekts ist  ; - ) "  

"Hi Holger, 
 
sorry, hat te wirk lich keine Zeit ,  m ir  das n� her anzuschauen, drum  auch nur diese d� rft igen 
Angaben. Aber wenn dir  das was hilft  (wie du©s in Gurus geschrieben hast ) ,  bit te. .. ; - )  
 
Toby (W.)"  

"bei frage 6.1:  m an sollte t rennen zwischen Aussehen, Robustheit / Bugs und 
Uebersicht lichkeit / Einfachheit  der Bedienung"  

"paar I deen:  
 
-  warum  nicht  Nutzerinterface in eigenem  Browserfenster und die Website ganz norm al im  
zweiten Browser, der m it  nem  Plugin o. � . einen Seitenwechsel an den Server schickt  und 
dam it  das User interface aktualisier t? 
-  team Xweb m � sste weniger sichtbar sein, aber m ir das gef� hl eines unglaublichen 
m ehrwertes br ingen, dam it  ich unglaublich m ot iv ier t  dam it  arbeite"  

"Also, die I dee finde ich grunds� tzlich gut . Allerdings ist  das alles noch sehr schlecht  und 
unfreundlich um gesetzt  (es ist  eine groûe Leistung, keine Frage, und es funkt ioniert  gut , 
aber ist  � berhaupt  nicht  intuit iv  oder � bersicht lich) . Z.B. hat te ich bei den ersten Versuchen 
(und die z� hlen!)  � berhaupt  keinen Überblick, ob die Messages und Seiten nun nur innerhalb 
von m einer Com m unity stat t finden oder allgem ein. Da braucht  m an glaub ich eine klarere 
Trennung. I ch will nur in einer Com m unity sein, sonst  wird es un� bersicht lich. 
 
Wenn ich auf eine Com m unity k licke, erwarte ich z.B.,  dass alle Nachrichten die dazu Bezug 
haben, agezeigt  werden. Aber ich sehe nur die Mitglieder.  
 
Dann hab ich ein Weile gebraucht  um  die Com m unity-bezogenen Bookm arks oben im  
Pulldown zu finden. Das alles sollte schon so eingestellt  sein, weil ich das Ding ja benutze, 
um  m it  anderen bookm arks zu teilen. 
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Die Sache m it  der History finde ich ganz problem at isch. Das h� lt  einem  am  m eisten von der 
wirk lichen Benutzung ab. Überhaupt  ist  diese Browser im  Browser-Sache recht  unprakt isch. 
Viel besser f� nde ich ein Plugin:  Man arbeitet  wie gewohnt  m it  seinem  Browser, kann aber 
bei Bedarf eine seite m it  einem  Kom m entar an eine Com m unity weiterleiten. So etwas wie 
Alexa, das als tool oben im  Browser integrier t  wird. Oder m einetwegen auch ein 
eigenst � ndiges Program m , welches die aktuelle Browserzeile ausliest . 
 
Die grunds� tzt liche I dee vom  kooperat iven Browsen finde ich dagegen sehr gut  und wicht ig.  
 
W� hrend das eigent liche Fenster m it  den Messages sehr � bersicht lich und vert raut  ist , hat te 
ich groûe Problem e, die ganzen verschiedenen Form en und Typen von Not izen, Meldungen, 
Dom ains (com m unicator.j sp)  -  die ja wieder aus verschiedenen Com m unitys kom m en 
k� nnen und von m ir , von Personen, von Gruppen, auseinanderzuhalten. Schlim m er noch, ich 
em pfand es als zu v iel I nform at ion, wollte es gar nicht  auseinanderhalten.  
 
Die eigent liche Brwosing-Funkt ion funkt ioniert  dagegen ganz gut . Sch� n auch, dass er sich 
farblich von den ganzen Not izen-Seiten abhebt .  
 
Auûerdem  ist  es anscheinend nicht  m � glich, Seiten-  und dom ain-Not izen anzuklicken. 
Verm ut lich ist  es technisch nicht  m � glich, diese dann im  Browser-Browser-Fenster 
anzuzeigen? 
 
Sch� n ist  die M� glichkeit , im  Browser die Begrenzungen zu verschieben, allerdings habe ich 
das erst  sp� t  bem erkt .  
 
I nsgesam t  sehe ich die Hauptproblem e also in der Tatsache, dass ich beim  Surfen m eine 
Wege nicht  f � r  Frem de aufzeichnen will.  Zweitens in der fehlenden Übersicht lichkeit  vor 
allem  bei den zahlreichen unterschiedlichen Not izen. Wicht igstes Problem  ist  aber, dass ich 
beim  Browsen nicht  auf m einen eigenen Browser verzichten will.  Dann k� nnte ich m ir  ein 
Plugin, welches sich auf die wesent lichen Punkte des I nform at ionsaustauschs beschr � nkt ,  als 
sehr n� tzlich vorstellen. Wesent lich w� re f� r  m ich:  
URI  an die com m unity senden 
URI  kom m ent ieren, m it  M� glichkeit  einen Thread daran anzuschlieûen. 
Allgem ein diskut ieren. 
 
ein weiteres Problem  haben wir  in unserem  Ethnologie-Sem inar bem erkt :  Die Gruppe 
kom m unizier te -  wenn � berhaupt  � ber Mailinglist .  So lange der Um gang m it  dem  Team xWeb 
Tool nicht  selbstverst � ndlich ist ,  sollte m an sich � ber legen, die Kom m unikat ion autom at isch 
an die Mailingliste zu spiegeln, um  auch technisch ageneigte Mitglieder m iteinzubeziehen und 
um  nicht  zwei verschiedene Plat t form en bei der gem einsam en Kom m unikat ion zu haben."  

102Towards an Integrated Approach to Collaborative Web Usage



$ SSHQGL[ � ' � �6 LP SOH�5 HSRUW�) RUP DW�� 6 5 ) � �

65 ) >6LP SOH� 5 HSRUW� ) RUP DW@ is an XML applicat ion that  was developed and used to 
form at  both the project  thesis (>: DJQHU� � � � @)  and this diplom a thesis. I t  consists of a 
' 7' >' RFXP HQW� 7\ SH� ' HILQLWLRQ@ which is based on XHTML but  adds m any tags that  
were m issing in XHTML. I n part icular,  tags for a st ructure of the docum ent  are added. 
Furtherm ore, an ; 6 / >H; WHQVLEOH� 6W\ OHVKHHW� / DQJXDJH@ sty lesheet  has been developed 
which is used to convert  a docum ent  form at ted with SRF to XHTML that  can be 
displayed in any com m on Web browser.  

The XSL sty lesheet  im plem ents the following features:   

ƒ Modelling the st ructure of the docum ent  with FKDSWHU, VHFWLRQ and VXEVHFWLRQ, as 
well as DSSHQGL[ , DSSVHFWLRQ and DSSVXEVHFWLRQ. These are autom at ically 
enum erated.  

ƒ Autom at ically  building a table of contents with hyperlinks to the sect ions. 
Furtherm ore, a br ief table of contents can be generated that  only contains 
FKDSWHUV and DSSHQGLFHV.  

ƒ Acronym s and abbreviat ions that  are autom at ically expanded for pr int ing, while 
being displayed as a popup on screen. Acronym s and abbreviat ions can be 
included in an index.  

ƒ Definit ions are also included in an index. That  way, an index of keywords can 
easily be built .  For  each definit ion, the sect ion in which it  was defined is shown in 
the index and a hyperlink to the definit ion is autom at ically generated.  

ƒ (HTML- )Tables and figures with capt ions and sum m aries, that  are autom at ically 
enum erated with the sect ion they are used in.  Tables and figures are also 
included in an index. Figures can be scaled convenient ly  to fit  on screen or paper.  

ƒ References and citat ions that  autom at ically link to the bibliography.  
ƒ Footnotes that  can be placed anywhere in the docum ent  and that  link back and 

forth:  if the user clicks on the num ber of the expanded footnote, the place where 
the footnote was used is shown.  

Both the DTD and XSL stylesheet  can be downloaded from :  
ht tp: / / www.xm l- form ats.org/ form ats/ srf/ . 
I t  can be used free of charge.  
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$ SSHQGL[ �( � � , QGLFHV�

$ SSHQGL[ �( � � � �7HUP V�

The following list  gives an overview of all term s that  are used throughout  this paper 
including links to the actual definit ions as well as the sect ions where they have been 
given:   

hub-and-spoke dynam ic t rees (chapter � � � � � )  
m oderated synchronous com m unicat ion (chapter � � � )  
(com m unity)  paths (chapter � � � )  
account  m anager (appendix $ � � � � )  
anchor (chapter � � � )  
asynchronous com m unicat ion (chapter � � � )  
authent ificated user (appendix $ � � )  
author ity  (chapter � � � � � )  
bibble (chapter � � � )  
bibliographic coupling (chapter � � � � � )  
bibliom et r ics (chapter � � � � � )  
browser window (appendix $ � � � � )  
browsing (chapter � � � )  
browsing state ( chapter � � � )  
cache-bust ing (chapter � � � � � )  
chance contact  ( chapter � � � )  
client  ( chapter � � � )  
closed groups ( chapter � � � )  
co-citat ion (chapter � � � � � )  
collaborat ion (chapter � � � )  
collaborat ive f ilter ing (chapter � � � � � )  
collaborat ive Web tool ( chapter � � � )  
com m unicat ion view (appendix $ � � � � )  
com m unicator (appendix $ � � � � )  
com m unit ies ( chapter � � � )  
com m unity (chapter � � � )  
com m unity m anager (appendix $ � � � � )  
consult ing (chapter � � � )  
content  fram e (chapter � � � )  
content  page (chapter � � � � � )  
content -based recom m ender system s ( chapter � � � � � )  
cont rol ( chapter � � � )  
cookie ( chapter � � � )  
cooperat ion (chapter � � � )  
cooperat ive surfing ( chapter � � � � � )  
coordinated search ( chapter � � � )  
dest inat ion page ( chapter � � � � � )  
different iated group searching (chapter � � � )  
docum ent  (chapter � � � � � )  
durat ion of existence of a com m unity (chapter � � � )  
durat ion of m em bership (chapter � � � )  
ear ly rater problem  ( chapter � � � � � )  
episode (chapter � � � )  
feedback (chapter � � � )  
gray sheep (chapter � � � � � )  
group recom m endat ion (chapter � � � � � )  
group searching ( chapter � � � )  
guest  account  (appendix $ � � )  
head page (chapter � � � � � )  
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history ( chapter � � � � � )  
history view (appendix $ � � � � )  
host  page ( chapter � � � )  
hot list  ( chapter � � � � � )  
hub ( chapter � � � � � )  
ident if ied visitor  ( chapter � � � � � )  
problem  of ident ity  of bookm arks (chapter � � � � � )  
independent  Web page (chapter � � � )  
index page ( chapter � � � � � )  
individual t rails (chapter � � � )  
Java API s ( chapter � � � )  
Java[ tm ]  API  for  XML Processing (appendix $ � � )  
joint  search (chapter � � � )  
level 0 Web tool ( chapter � � � )  
level 1 Web tool ( chapter � � � )  
level 2 Web tool ( chapter � � � )  
level 3 Web tool ( chapter � � � )  
level 4 Web tool ( chapter � � � )  
link (chapter � � � )  
following a link ( chapter � � � � � )  
LiveConnect  ( appendix $ � � )  
docum ent  locat ions (chapter � � � � � )  
m any- to-m any com m unicat ion (chapter � � � )  
m em bers (of a com m unity)  ( chapter � � � )  
m em bership (of a com m unity)  ( chapter � � � )  
m oderated com m unicat ion (chapter � � � )  
m oderator (chapter � � � )  
navigat ion behavior (chapter � � � )  
navigat ion event  (chapter � � � )  
navigat ion fram e (chapter � � � )  
note editor  (appendix $ � � � � )  
one- to-m any com m unicat ion (chapter � � � )  
one- to-one com m unicat ion ( chapter � � � )  
one- to-self com m unicat ion (chapter � � � )  
organizat ional hom e pages (chapter � � � � � )  
or ientat ion fram e (chapter � � � )  
page v iew (chapter � � � )  
parasite ( chapter � � � � � )  
path m odel (chapter � � � � � )  
personal hom e pages ( chapter � � � � � )  
product - related inform at ion exchange (chapter � � � )  
progress- related inform at ion exchange (chapter � � � )  
proxy (chapter � � � )  
publisher (chapter � � � )  
recency-based history ( chapter � � � � � )  
recipient  (chapter � � � )  
recom m endat ion support  system s (chapter � � � � � )  
recom m ender system  (chapter � � � � � )  
recurrence rate ( chapter � � � � � )  
reference page (chapter � � � � � )  
resource (chapter � � � )  
scope of com m unicat ion (chapter � � � )  
scr ipt lets (appendix $ � � )  
secret  groups (chapter � � � )  
docum ent  sect ions (chapter � � � � � )  
sender (chapter � � � )  
serendipitous alt ruism  (chapter � � � )  
server (chapter � � � )  
server session (chapter � � � )  
servlet  container (appendix $ � � )  
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session history (chapter � � � )  
session visitor  ( chapter � � � � � )  
sim ultanuous round- t r ip engineer ing (appendix $ )  
site m aps (chapter � � � � � )  
source index page (chapter � � � � � )  
sparsity problem  ( chapter � � � � � )  
spat ial layouts (chapter � � � � � )  
stack-based history (chapter � � � � � )  
startup-screen (appendix $ � � � � )  
subgroups (chapter � � � )  
subsite (chapter � � � )  
synchronous com m unicat ion (chapter � � � )  
tem poral organisat ion (chapter � � � � � )  
Together Control Center (appendix $ )  
t racked visitor  ( chapter � � � � � )  
unident ified user (chapter � � � � � )  
unm oderated com m unicat ion (chapter � � � )  
unm oderated com m unicat ion (chapter � � � )  
URI  rewrit ing (chapter � � � )  
user ( chapter � � � )  
user ( appendix $ � � )  
user session (chapter � � � )  
Web Applicat ion Diagram  (appendix $ � � )  
Web browser (chapter � � � )  
Web client  ( chapter � � � )  
Web collect ion (chapter � � � )  
Web content  com m unity (chapter � � � )  
Web content  m ining (chapter � � � � � )  
Web core (chapter � � � )  
Web graph ( chapter � � � )  
Web m ining (chapter � � � � � )  
Web page (chapter � � � )  
Web resource (chapter � � � )  
web ring (chapter � � � � � )  
Web site (chapter � � � )  
Web site publisher (chapter � � � )  
Web tool ( chapter � � � )  
Web usage (chapter � � � )  
Web usage m ining (chapter � � � � � )  
Web user com m unity (chapter � � � )  

 

$ SSHQGL[ �( � � � �$ FURQ\ P V�DQG�$ EEUHYLDWLRQV�

The following list  gives an overv iew of all acronym s and abbreviat ions that  are used 
throughout  this paper including links to the first  use as well as the chapter where it  has 
occured:   

API :  Applicat ion Program (m ing)  I nterface (chapter � � � � � )  
DOM:  Docum ent  Object  Model (appendix $ � � )  
DTD:  Docum ent  Type Definit ion (appendix ' )  
e.g.:  exem pli grat ia ( chapter � � � )  
etc.:  et  cetera (and other things /  and so for th)  (chapter � � � � � )  
HTML:  HyperText  Markup Language (chapter � � � � � )  
HTTP:  HyperText  Transfer Protocol ( chapter � � � � � )  
i.e. :  id est  ( chapter � � � � � )  
I DE:  I ntegrated Developm ent  Environm ent  (appendix $ )  
I RC:  I nternet  Relay Chat  (chapter � )  
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LEAD:  Live Ear ly Adopt ion and Dem onst rat ion (chapter � � � � � )  
MVC:  Model-View-Cont roller  (appendix $ � � )  
NCSA:  Nat ional Center for Supercom put ing Applicat ions (chapter � � � � � )  
SRF:  Sim ple Report  Form at  (appendix ' )  
SSL:  Secure Socket  Layer (appendix $ � � )  
UML:  Unified Modelling Language (chapter � � � � � )  
URI :  Uniform  Resource Locator ( chapter � )  
vs.:  versus ( chapter � � � )  
W3C:  World Wide Web Consort ium  ( chapter � � � � � )  
WWW:  World Wide Web (chapter � � � � � )  
XML:  eXtensible Markup Language (chapter � � � )  
XSL:  eXtensible Stylesheet  Language (appendix ' )  
XUL:  XML User- interface Language (chapter � )  

 

$ SSHQGL[ �( � � � �7DEOHV�

The following table gives an overview of all tables that  are included in this paper with a 
link to the table, it s capt ion and a sum m ary describing the contents of the table:   

7DEOH &DSWLRQ�� �6 XP P DU\

Table 1.1 &ODVVLI LFDWLRQ�RI �: HE�7RROV�DI WHU�>&KHXQJ @� 
This table gives an overview of WebTools as they have been defined by 
[ Cheung]

Table 4.2 1 DYLJ DWLRQ�HYHQWV�FDSWXUHG�E\ �WHDP ; Z HE 
This table gives an overview of the navigat ion events captured by 
team Xweb:  Window opened, link followed, form  filled, URI  entered, back, 
forward, hom e, history state restored, bookm ark state restored, window 
closed.

Table 4.6 ) HDWXUH� 0 DWUL[ � FRP SDULQJ � WHDP ; Z HE� � 0 DMRU� : HE� %URZ VHUV� DQG�
: HE�&RP P XQLWLHV� 
This table com pares the features of team Xweb with with those of m ajor 
Web browsers and com m unit ies.

Table 5.3 (1) 0 DMRUV�RI �WKH�6 WXGHQWV�3 DUWLFLSDWLQJ �LQ�WKH�8 VHU�6 XUYH\ �  
This table shows the m ajors of the students part icipat ing in the experim ent .

Table 5.3 (2) 3 DUWLFLSDWLRQ�LQ�WKH�8 VHU�6 XUYH\ �  
This table shows the part icipat ion in the user survey, by groups and overall. 
Part icipat ion am ounts to 25%  both overall and approxim ately in all of the 
groups ( range from  20%  to 36% , m ean is 26% ) .

Table 5.3 (3) ( YDOXDWLRQ�RI �&ROODERUDWLRQ�) HDWXUHV 
This table com piles the results of the evaluat ion of features required for  
collaborat ion.

Table 5.3 (4) 0 RWLYDWLRQV�WR�8 VH�WKH�6 \ VWHP �P RUH�RI WHQ� 
Results of the quest ion what  could m ot ivate the users to use the system  
m ore often.

Table B (1) ) HDWXUH� 0 DWUL[ �RI �&RP P RQ�%URZ VHU�) XQFWLRQDOLW\ � 
This table com pares the features concerning com m on browser funct ionalit y 
of team Xweb with Mozilla, Opera, I nternet  Explorer and Am aya.

Table B (2) ) HDWXUH� 0 DWUL[ �I RU�&ROODERUDWLRQ��2 ULHQWDWLRQ�DQG�7HFKQLFDO�' HWDLOV� 
This table com pares the features concerning collaborat ion, or ientat ion and 
technical details of team Xweb with Mozilla, Opera, I nternet  Explorer and 
Am aya.

Table C.3 (1) 5 DZ �5 HVXOWV�RI �WKH�8 VHU�6 XUYH\ �  
This table contains the raw results of the user survey. I t  is st ructured 
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$ SSHQGL[ �( � � � � ) LJ XUHV�

The following table gives an overview of all figures that  are included in this paper with 
a link to the f igure, it s capt ion and a sum m ary describing what  the figure illust rates:   

exact ly like the quest ionnaire it self,  but  instead of checkboxes and 
radiobut tons to select , the results are included.

) LJ XUH &DSWLRQ�� �6 XP P DU\

Figure 3.1.1 , OOXVWUDWLRQ�RI �/ RFDWLQJ �WKH�6 HUYHU�DW�WKH�: HE�6 HUYHU� 
The Web client  com m unicates with the Web server on which also the 
com ponents for  collaborat ive features reside. When the client  
com m unicates with other Web servers, no collaborat ion features are 
available.

Figure 3.1.2 , OOXVWUDWLRQ�RI �/ RFDWLQJ �WKH�6 HUYHU�DW�DQ�, QWHUP HGLDU\ �3 UR[ \ �  
The client  accesses all Web content  via an interm ediary proxy. That  proxy 
also provides the com ponents for collaborat ion. I t  forwards the requests 
from  the client (s)  to the servers and the responses from  the servers to the 
clients.

Figure 3.1.3 , OOXVWUDWLRQ�RI �D�3 HHU� WR� 3 HHU�$ UFKLWHFWXUH� 
All collaborat ion com ponents exist  on all peers, data is shared between 
each of them . I n this diagram , the peers are the Web clients and are 
im plem ented in a collaborat ion that  also provides browsing funct ionalit y . 
However, the peer- to-peer architecture could also be used for  Web servers 
or proxies. An opt ional m ediator dist r ibutes addresses of the (peer- to-peer)  
clients.

Figure 3.1.4 , OOXVWUDWLRQ�RI �WKH�$ UFKLWHFWXUH�Z LWK�DQ�, QGHSHQGHQW�6 HUYHU� 
A collaborat ive client  applicat ion that  direct ly gets the content  from  its 
sources com m unicates with an independent  collaborat ion server that  
provides com ponents for  collaborat ion features.

Figure 3.3 (1) , OOXVWUDWLRQ�RI �WKH�0 HWD� %URZ VHU�$ UFKLWHFWXUH� 
An independent  server acts both as a proxy for  the actual content  and a 
Web applicat ion server for  the collaborat ive features. On the clients, any 
Web browser can be used to display the collaborat ive Web applicat ion and 
the actual Web contents. The sam e browser can also be used to do non-
collaborat ive Web browsing. A page processor forwards the client 's requests 
to the original servers, processes the responses and forwards them  back to 
the clients.

Figure 3.3 (2) 6 FUHHQVKRW�RI �WKH�0 HWD� %URZ VHU�Z LWKLQ�D�%URZ VHU�� 2 SHUD� �  
A Screenshot  of the Meta-Browser within the Opera Browser. The fram es 
are m arked with red rectangles:  navigat ion fram e, content  fram e and 
or ientat ion fram e.

Figure 4.2 6 FUHHQVKRW�RI �WKH�WHDP ; Z HE�6 HVVLRQ�+ LVWRU\ �  
A screenshot  of the team Xweb history dialog, where the user can select  a 
com m unity,  and if available one of the m em bers of the com m unity. The 
sessions are sorted by t im e and for each session, there is a detailed 
descr ipt ion with each act ion listed.

Figure 4.3 6 FUHHQVKRW�RI �WKH�WHDP ; Z HE�%RRNP DUNV� 
A screenshot  of the team Xweb bookm arks dialog. Note that  the states of 
fram esets can also be stored as bookm arks.

Figure 4.4 6 FUHHQVKRW�RI �WKH�WHDP ; Z HE�&RP P XQLFDWLRQ�2 YHUYLHZ � 
Screenshot  of the team Xweb com m unicat ion overview that  illust rates how a 
high level of integrat ion is achieved by giving the user an overview of all 
m essages dist r ibuted at  the var ious parts of the system . This includes 
m essages the user has received from  or sent  to other users, m essages 
within com m unit ies and annotat ions on dom ains and Web pages.
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Figure 5.3 (1) 8 VHU�, QWHUI DFH 
Shows how users evaluated im portance and qualit y of the user interface of 
team Xweb. While im portance was rated very high, the qualit y was rated 
m edium  to good.

Figure 5.3 (2) 1 R�, QVWDOODWLRQ 
Shows how users evaluated im portance and qualit y of having no need for  
installat ion of the system . This was considered very im portant  and very well 
im plem ented.

Figure 5.3 (3) 6 KDUH�%RRNP DUNV 
Shows how users evaluated im portance and qualit y of sharing bookm arks 
am ong com m unit ies. This has been considered im portant  and well 
im plem ented.

Figure 5.3 (4) $ FFHVV�%RRNP DUNV�$ Q\ Z KHUH 
Shows how users evaluated im portance and qualit y of being able to access 
their bookm arks anywhere on the I nternet . This has been considered very 
im portant  and well im plem ented.

Figure 5.3 (5) 6 KDUH�+ LVWRU\  
Shows how users evaluated im portance and qualit y of sharing their  session 
history am ong com m unit ies. This has been considered m ore or less 
im portant  and well im plem ented.

Figure 5.3 (6) $ FFHVV�+ LVWRU\ �$ Q\ Z KHUH 
Shows how users evaluated im portance and qualit y of being able to access 
their session history anywhere on the I nternet .  This has been considered 
m oderately well im plem ented and a lit t le less im portant .

Figure 5.3 (7) &RP P XQLFDWLRQ�Z LWKLQ�&RP P XQLWLHV 
Shows how users evaluated im portance and qualit y of com m unicat ion 
within com m unit ies. This has been considered relat ively im portant  but  only 
m oderately well im plem ented.

Figure 5.3 (8) $ QQRWDWLRQV 
Shows how users evaluated im portance and qualit y of annotat ing Web 
resources. This has been considered relat ively im portant  and m oderately 
well im plem ented.

Figure A.1 (1) 8 VHV�&DVHV�I RU�WKH�WHDP ; Z HE�6 \ VWHP � 
This Use Case diagram  gives an overview of the Use Cases that  team Xweb 
shall im plem ent . I t  is divided into the following areas of funct ionalit y:  User 
Managem ent , Com m on Browser Funct ionality , History, Com m unit ies and 
Com m unicat ion. There are two different  types of actors:  user and 
authent ificated user.

Figure A.1 (2) $ FWLYLWLHV�I RU�5 HJ LVWHULQJ �Z LWK�RU�/ RJ J LQJ �LQ�WR�WKH�6 \ VWHP � 
This Act ivit y Diagram  shows the process of register ing with or logging in to 
the system  from  the user 's perpect ive.

Figure A.3.1 (1) &RUH�0 RGHO�RI �WHDP ; Z HE� 
An abst ract  overview of the core m odel of team Xweb.

Figure A.3.1 (2) &RP P XQLFDWLRQ�LQ�WHDP ; Z HE� 
An overview of the com m unicat ion system  of team Xweb.

Figure A.3.2 (1) 7KH�- 6 3 V�P RGHOOLQJ �WKH�* 8 , �RI �WHDP ; Z HE�� 3 DUW�� � �  
Web Applicat ion diagram  with JSPs used for logging in, the m eta-browser, 
account  m anagem ent  and com m unit ies.

Figure A.3.2 (2) 7KH�- 6 3 V�P RGHOOLQJ �WKH�* 8 , �RI �WHDP ; Z HE�� 3 DUW�� � �  
Web Applicat ion diagram  with JSPs used for  bookm arks and history, and 
com m unicat ion.

Figure A.3.3 &RQWUROOHU�3 DUW�RI �WKH�WHDP ; Z HE�8 VHU�, QWHUI DFH� 
This Class Diagram  illust rates how Servlets in team Xweb use helper classes 
to im plem ent  their  funct ionalit y the Servlets in the diagram  convert  HTTP 
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requests to m ethod calls on the helper classes which are subclasses of 
ServletSupport .

Figure A.4 (1) / RDGLQJ �D�: HE�3 DJ H�� &OLHQW�3 HUVSHFWLYH� �  
This Act iv it y Diagram  illust rates how a new Web page is loaded to the client  
(e.g, after a hyperlink has been followed) , from  the client 's perspect ive.

Figure A.4 (2) / RDGLQJ �D�: HE�3 DJ H�� 6 HUYHU�3 HUVSHFWLYH� �  
This Act ivit y  Diagram  illust rates how a new Web page is ret r ieved and 
processed on the server, after  the client  has requested it .

Figure A.4 (3) &ODVVHV�LP SOHP HQWLQJ �WKH�3 UR[ \ �DQG�8 5 , � 5 HZ ULWLQJ �/ RJ LF�  
This Class Diagram  shows the classes direct ly involved in ret r iev ing and 
processing Web pages for  the m eta-browser. I t  includes the Servlet  that  
gets the request  from  the client  v ia HTTP.
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