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ABSTRACT innovations at the level of technology for suppagtcollaborative

Wikis are simple to use, asynchronous, Web-basédbowative
hypertext authoring systems which are quickly gainiin
popularity. In spite of much anecdotal evidencé¢hm effect that
wikis are usable by non technical experts, this heger been
studied formally. In this paper, we studied thehilgg of a wiki
through observation and problem-solving interactioth several
children who used the tool to collaboratively authnypertext
stories over several sessions. The children redeaveminimal
amount of instruction, but were able to ask forpheéliring their
work sessions. Despite minimal instruction, 5 @iué teams were
able to complete their story. Our data indicatet tin@ major
usability problems were related to hyperlink mamaget. We
report on this and other usability issues, and igeguggestions
for improving the usability of wikis. Our analysisd conclusions
also apply to hypertext authoring with non wiki-edgools.

Categories and Subject Descriptors
H5.2 [User Interfaces: Ergonomics, User-centered design,
Evaluation/methodology.

General Terms
Human Factors

Keywords
Wiki, Collaborative Web-Authoring, Groupware, Hypedt,
Usability

1. INTRODUCTION

Wikis are simple to use, asynchronous, Web-basédbowative
hypertext authoring systems. The original conceptdue to
programmer Ward Cunningham [12], whose prototype
implementation has inspired many variants [15]. M/lai precise
definition of wiki does not exist [11], the genecainsensus is that

a wiki is a collective website where a large number of
participants are allowed to modify any page or ¢eea new page
using their Web browserWiki introduced groundbreaking
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web-authoring, but also at the level of the procpegosophy and
even sociology [16, 24] of such collaborative auithg.

From the point of view of technology innovation kiintroduced
a new and simple way to edit web pages, and thastiate (1995)
when the web was a read-only medium for all but thest

Figure 1: Opening a wiki page for Editing
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You see the fortress out in the distance. It is protected by tall stone walls.

You see a alarge wooden door garded by a gigantic creature. You also see a
road that goes around the castle and leads beind it through a dense forest. Far
behind you, you see a hay-filed carriage approaching

You choices are to:

+ Walk to the door
* Hide in the carriage

+ Go around the castle through the forest

2Fight_the_monster

Last updated on: April 26, 2005

Figure 2: Editing the wiki page
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technically adept users (i.e. webmasters). Toagige on a wiki
site, all a user needs to do is to click on thet Bditton that
appears on that page, modify the text that is thisplayed in an
editable field, and click on a Save button (seaufédl). In most
wiki systems, authors do not use a WYSIWYG (“WhatuYSee
Is What You Get”) editor to modify the content gbage. Instead,
they use a text area to modify text that is mankedising a very
simple syntax called wiki markup (see Figure 2).

Wiki also makes it very easy to create links betwpages. All the
user needs to do is open the page where she waintsett a link,
and then type the name of the page she wants b fiusing a
special syntax called WikiWords (esonePage, sone_page
or [[sone page]]). When the user clicks on tt#ave button,
the page appears featuring a new hyperlink. litilepoints to a
page that exists on the wiki site, it will look dika normal
hyperlink to that page. If the link points to a npage that does
not exist yet, it will typically appear as a questimark link )
next to the WikiWord. Clicking on this question rkdrrings the
user to a page like the one in

Figure 1, which allows the user to create the nagepand type its
content in an initially empty text field.

From the point of view of innovation in thprocess, philosophy
and sociology of collaborative web authoring, wiki introduced a
new way of thinking that favours:

*  Content over Form

e Open Editing over Security and Control

e  Free Form Content over Structured Content
¢ Incremental Growth over Upfront Design

While this may at first look like a recipe for désar except for
small and obscure web sites, it turns out to beeasanable
strategy with attributes that enable a wide varadtapplications.
Wikis have been used to collaboratively create amaintain
software  documentation  (e.g.http://codex.wordpress.oig/
Frequently Asked Questions (FAQ) repositories (e.g.
http://allmyfags.con)/ textbooks (e.g. http://wikibooks.org),
travel guides (e.g. http://wikitravel.org) and specialized
knowledge bases (e.0. http://iawiki.net
http://jugglingdb.com/jugglewik)/ One of the most high-profile
wiki projects iswikipedia [32], which aims at creating a free,
hyperlinked encyclopedia, and reached the respecsé®e of one
million articles just before its fourth anniversary September
2004.

The present paper is only concerned with wikis schnological
innovation. In particular, it will investigate thextent to which
wikis are truly usable by non-technical people.réhis anecdotal
evidence for the usability of wikis: for instancie fact that
Wikipedia’'s 16,000+ contributors, many of them nethnical
people, are successfully building a hyperlinked yelupedia
using a wiki system. However the usability of wikias not been
formally studied to date and specific usabilityuiss have not
been identified.

The Usability Professionals Association definesildg as*“..the
degree to which something - software, hardwarergtlaing else
- is easy to use and a good fit for the people wb® it. It is a
quality or characteristic of a product. It is whetha product is
efficient, effective and satisfying for those wise it.” [30]. A
high level of usability supports the widespread mimm of a

product by non-technical users. Of course, usghdinot the only
factor affecting product adoption (think of cogir £xample), but
lack of usability can be a hindrance [21]. Therefa wiki that is
usable is more likely to enjoy widespread adoptlmn non-
technical users.

To identify the major usability problems with wikive observed
and interacted with several children while theyduseparticular
wiki implementation (Lizzy) to collaboratively awth hypertext
stories. Most of these interactions involved hejpimem solve the
problems they faced, many of which were relatedsiability. Our
analysis of these interactions (and other datsdaled the major
usability problems of this wiki implementation. Dtee the large
overlap between features of different wiki implenaions, these
usability problems are common across many, if tiotékis. In
this paper, we describe our experiment and resaiftd, provide
suggestions for improving the usability of wikis.

The remainder of the paper is organized as folloBexction 2
briefly reviews related work. In Section 3, we dése the setup
and methodology used for our experiment. In Sectdonwe
discuss results from our analysis of the data gathduring the
experiment. We describe a number of high-level syps
problems which we observed and compare their velati
frequencies. We also make recommendations regaiubmgthe
Lizzy Wiki and wikis in general could be modified make them
more usable.

2. RELATED WORK

The usability of hypertext by readers or visitorashbeen
examined rather extensively [e.g. 2, 20, 31], Imet tisability of
hypertext authoring systems is largely understudigatly work
by Boyle, Teh and Williams [1] suggested that thistems with
the simplest models are easiest to use (as meabyradthoring
speed), as seems to be the case with wiki. Ellibahes and
Barker [8] proposed to use grounded theory to stticy
learnability of hypertext systems, but otherwis@vied only
very general findings.

As the analysis by Thimbleby [28] indicates, thaemal problem
of authoring Web sites is quite complex. While daswork on
browser-based hypertext authoring systems does haleng
history [3, 4, 22, 28], to the best of our knowledthose systems
have not been subjected to focused attention omtifgieg and
solving usability problems.

Consequently, our investigation into the usabildy wikis
constitutes an important contribution to the litera on hypertext
authoring.

3. EXPERIMENTAL DESIGN

3.1 Context and Subjects

The context in which this study took place was smnaecurricular

activity involving collaboratively authoring a hypext story with

a custom implementation of wiki called Lizzy (seetion 3.1.1).

15 grade 4 students (ages 8 and 9) at a Frenclidgagpublic
school participated in this activity. All subjeaised a version of
Lizzy with dialogs displayed entirely in French. %0of the

subjects were male. The activity took place atdtteool itself, in

a lab with 25 computers. The students had beemuitset in



using the computers starting in Grade 1, but n@tegarticipated
in the story writing activity or used a wiki before

Although the group was smaller than a typical cléswas large

enough to simulate conditions or a real class. Tiisvides

ecological validity for the study, supporting thengralization of
the results to actual educational settings. Noteelver that these
were extracurricular activities, and as such, thag no impact on
school grades. Moreover, this study conformed ® eRacting

standards of the National Research Council of Calsa@esearch
Ethics Board.

3.1.1 The Lizzy Wiki

The Lizzy Wiki [13] used by subjects in our expeeimh was
developed at the National Research Council of Canandd is an
extension of the original C2Wiki [5] implemented Rerl by
Ward Cunningham.

Lizzy includes many unique features that distinguifrom other
wiki  implementations  (including the original C2Wiki
implementation). Below is a list of those partigiilas which are
relevant to our study. For a full list of the smgcieatures of
Lizzy, the reader is referred to [13].

3.1.1.1 Link syntax
With Lizzy, users can write links using a variety Wikiword
formats like:SoneLi nk, some_I i nk Some_| i nk, etc. Alternative
formats all point to the same page, but they pmwdntrol over
how the anchor text is renderefofne Link some link Some
link). Users can also override the anchor text usirgsimple
syntax:page_name! anchor _t ext . In a storytelling context, this
was useful for hiding what lies behind a link freine reader. For
example, by writing:

t he_dungeon_of _deat h! open_t he_door

the user could create a linkpen the doorthat lead to page
t he_dungeon_of _deat h, hence preserving the surprise effect.

The Lizzy link syntax also makes it easy to insertimage that
resides on the wiki site. Instead of typing a fujjyalified URL
like:

http://lizzy.iit.nrc.ca/MyWikiSite/uploads/red_draw.qif

the user simply types the WikiWord for the imag®loiwed by its

image format extension (exed_dr agon. gi f). If the extension
is a known image format, the Wikiword will be renelé as an
inline image. In all other cases, it will be rergttras an ordinary
link to the corresponding document.

In the case of a link to an inline image, the wser additionally
control its display width (in number of pixels) bwriting
something like thist ed_dr agon. gi f ! 300.

3.1.1.2 Image and document uploading

Lizzy allows users to easily upload images and dwous (ex:
MS-Word) to the wiki site, through a procedure $mito how

you create new wiki pages. Like for new pages,uber starts by
creating a link to the image or document she wamtgpload (ex:
red_dragon. gi f for an image omusi ness_pl an. doc for a

document). When she saves the page, this WikiWopaars with
a?link in front of it. The user can click this lirtkh upload a new
image or document onto the wiki site. When shekslion it, she
is presented with the dialog in Figure 3. Clickiony theBrowse

button, she can then navigate her local machinkdssfstem to
select the image or document she wants to uplo#uktwiki site.

Figure 3: Lizzy upload dialog
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Figure 4: Lizzy template pages
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Choose a template in the following list:

» TemplateStoryPage

Home * TemplateStoryTitlePage

Search Or type text below and click on Save
Here, write what the hero sees and feels.
Here, describe the choices that the hero has. REMEMBER TO STICK TO YOUR PLAN!
Here are your choices:
* replace this by the first choice

* replace this by the second choice
* replace this by the third choice

Figure5: Lizzy Link Map
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the moon stone
go see the king

Help The Gates of Morgaltaar.
Search MorgaltaarFortress.jpg
Changes Walk to the door

Hide in the carriage
Go around the castle through the forest
go fetch a magic sword
the doors of morgaltaar
fight the monster
the moon stone (see above)
try to trick the monster
enter the fortress
go into the keep
the moon stone (see above)
go around the keep
enter through the back door
you win
go back to the front
the moon stone (see above)
the doors of morgaltaar (see above)




3.1.1.3 Template pages

Table 1: Story map constraints

Lizzy allows users to create new pages using teemlaVhen a

States (places/pages, drawn as nodes)

user creates a new page, she is presented witt af Ipossible
templates. If she chooses one, she is presentadawiedit page

Maximum of 5 per person on the team

like in Figure 4.

Meaningful name

3.1.1.4 Rename button

1-3 lines of descriptive

With Lizzy, users can easily rename a page whigsgnving the

Transitions (eventg/links, drawn as arrows)

integrity of links that point to it. This is done felicking on the
Rename link which appears at the bottom of the page. Winen

A maximum of 3 links from each state

user clicks on that link, she is prompted for a meune for the

page. After clickingOK, the system displays the page under it

Each link has a title and a one line descriptionwdfat the
protagonist must do to move from one state to thero

new name, and it automatically changes all refezero the old
name in other pages, so that they now point tsméve name.

3.1.1.5 Link map

To help users understand the hypertext’s structiirey provides

aLink Map link at the bottom of each page. When the usekgli
on that link, the system shows her a map of alepapat can be
reached from the current page within 7 mouse cliéksexample

of this map is provided in Figure 5. This map shawes only

pages that currently exist, but also dangling littkat point to

pages yet to be created. This is to help users detter view of
what work remains to be done in the vicinity of therent page.

Note that theLink Map only showsdownstream pages, i.e.
pages that can be reached from the current om@elt not show
upstream pages, i.e. pages from which you can get to theet
one.

3.1.2 Procedure and Tasks

The collaborative storytelling activity that we ebged took place
over the course of 6 sessions in the spring 208#eskr, each
session lasting 90 minutes. The first session duced the
subjects to the activity through an example wiksdxh story,
which had a protagonist, a goal, and a world. Ttwysis

structured as a set of states, (corresponding datitms in the
story and pages of the wiki site) with state-tdestaansitions
(corresponding to actions in the story and linkthimwiki site).

Following this introduction, the subjects formeartes of 2 to 5,
and developed a synopsis of their own story, with same
structure as that described above. Subjects thew dr state
transition diagram representing their story on areti paper
poster. The instructor verified the diagram to eesit would

serve as useful guide for implementing the storg imiki site. In

order to keep the workload manageable, the mapdadnform

to the constraints shown in Table 1. Figure 5 shaw example
of such a story map.

Between the first and second sessions, the instruatnt on the
wiki and created the start page of each story, amitthowever
including any content. In the second and subsdmessions the
subjects worked directly on the wiki site usingithemputers.
Teammates sat side by side, each with their ownpoten, with
the story map posted close by so that it couldyehsi consulted
and annotated while implementing the story on thiki. wAll
stories were authored in a single wiki space shyeall teams.

In session 2, the instructor gave a 15-minute demareating
new pages, typing in content, and linking the padée students
then began their computer work by reproducing tioey's link

topography, which involved creating new pages, auhding some
text content (no images at this point) to the pagédsen creating

Figure 6: Sample story map
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new pages, students could use a template pagdhiéene in
Figure 4.

After each session beyond session 2, the instrucspected the
content of all pages for problems in the conterdtorcture of the
story. When those problems hinted at an usab#iué (ex: a link
that does not follow the WikiWord syntax), a degtidn of the
problem was included in our data. This is what vadl post-
sesson observations (see section 3.2 for details). For each
problem, the instructor would additionally postarenment on the
start page of the corresponding story, so thatestbjwould know
about it and fix it in the next session.

In sessions 3 to 6, the subjects learned how tertiread resize
images through a 15-minute demo, and they thenedbti refine
their text and images, and add new pages, if aksire

Throughout all sessions, the instructor and a aglie were
available to answer questions.

3.2 Data Coallection

There were two sources of data for this study whiehcallin-
session andpost-session data.

As we mentioned in section 3.1.2, tpest-session data was
collected by inspecting the subjects’ work aftecheaf the
sessions to detect potential problems. Additiomstsession data
was also generated during the data analysis phesen new



types of problems were discovered and we went fapKor
instances of those in the content of the stories.

Thein-session data was collected during each of the session with

the subjects. This primarily involved subjects agkguestions of
the instructor when the need arose. These interectith the
instructor were recorded on audiotape. The timevlaith the
interaction occurred was recorded, but the sulgadentity was
not. Consequently our data set is not divided thjext. Subjects
tended to ask questions primarily when they werdonger able
to move forward with their task.

Such ethnographic methods, involving the obseraatiosubjects
in naturalistic settings, are commonplace in irtesf design
projects [19, 25]. Ethnographic methods providech data set of
observed events, which are typically classifiedo in¢vent
categories that relate to work actions or interféesures. The
categorization we employed is discussed below.

3.3 Data Analysis

One researcher listened to the audio taped interscbetween
instructor and subjects (thén-session data). Whenever an
interaction was relevant to the usability of thekiwia concise
textual description of the event was logged, alavith a time

stamp. Thesedn-session events were combined with thmost-

session events that were logged based on inspection of the

material produced by the subjects, to form a cotapeent list.

We categorized each event along two dimensisagrity and
type. The severity category was used to quantify thgreke to
which the event was disruptive to the subject [Zlhe type
category was used to capture the particular aréizeofviki system
or the particular subtask to which the problemaiedd. For both
dimensions, categories were first assigned by esearcher and
then reviewed by a second researcher, and diffeseatopinion
were resolved through discussion. The categoriesséverity
(Catastrophe, Impasse and Annoyance) were determined a-
priori and assigned during the data analysis phase, the
categories for type emerged from the data anaplsise through
a bottom up process. Each event was first assignedor more
low level types (ex: “problem pointing to an exigfipage”), and
these low level types were later on grouped inghéi level ones
(ex: “link creation and management”).

The a-priori severity categories were:

Catastrophes. problems that result in lost work or time, or in a

site that requires a lot of work to repair.

E.g. subject creates a brand new page when he csthawie
pointed to an existing page instead, forcing meygifithe two
pages later on.

Impasses. problems that prevent the subject from continuing.
E.g. subject cannot remember how to create adirkpgage.

Annoyances. problems that neither prevent the subject from

continuing nor have catastrophic consequences.

E.g. subject does not remember how to resize agensm a
wiki page, but decides she can live with the curgize of the
image.

Our bottom up classification of events into typeslded the
following top level types:

Hypertext: This is an umbrella type that encompasses any
problem which is due to the hypertext nature ofwlié medium.

Note that the Hypertext category is a strict suludethe other
categories (in other words, all Hypertext probleats® appear in
at least one other top-level category in this lsit there were
some problems which were not of hypertext nature).

Link creation and management: The subject has difficulty
creating and managing links to pages or images.

E.g. subject is trying to create a link to an entstpage, but does
not remember its exact name.

Image uploading: The subject has difficulty uploading images to
the wiki site.

E.g. subject forgets to put an image extensiorm #fee WikiWord
for an image.

Creating/Editing pages. The subject has difficulty creating
and/or editing pages with the wiki.

E.g. subject forgets that he needs to press the ftdion to
modify the content of a page.

Hypertext authoring: The subject has difficulty writing and
organizing content in a way that makes sense fbwy@ertext
medium.

E.g. subject writes content for a page in such g that it only
makes sense to the reader if he got to it througdrticular path.

Basic computer skills: The wiki requires a certain computer skill
which the subject does not possess.

E.g. subject does not know how to type the undeescoaracter.

Collaboration: Teammatesave difficulty collaborating using the
wiki.

E.g. subject tries to modify a page at the same @sione of his
teammates.

Global Site View: The subject has difficulty getting a global
sense of the wiki site’s structure and state obtgyment.

E.g. subject believes his story is completed wheffact it still
contains dangling links to pages yet to be created.

Navigation: The subject has trouble navigating the wiki site.
E.g. subject is unable to find a particular page.

Interpersonal problems: The subject experiences interpersonal
conflict while collaborating using the wiki.

E.g. subject does not get along with his teammat its in
opposite corner of the room, hence causing colkor
problems.

It is important to note that the data collectionsweomewhat
biased toward the collection of impasses sinceetlesents were
more likely to induce the subjects to interact wifth instructor.

As with every case study, generalizability is asué&s In our case,
some of the observed events may have been artifacised by
features specific to our wiki implementation, byacdcteristics of
the storytelling task, or by the age of the sulsject

However, most of the problems we observed are lgleammon
to all wikis. Exceptions to this will be noted eiqitly in the
paper. Also, we have had the opportunity to obsene gather
feedback from adults using our Lizzy implementatfon tasks
other than storytelling. These included: collabeemtaintenance



of the web site for a small not-for-profit orgartina, sites for
managing software projects and sites that acted kasowledge
repository for a particular topic. Our overall serfidm informally
observing those subjects is that the problems emeced by
adults in those contexts were no different qualigdy from those
encountered by our young subjects, although fregjaenmay
differ. Again, whenever we have reason to beliéna & particular
observation is dependant on age or nature of ttietgcwe will
note this explicitly in the paper.

4. RESULTS
4.1 Problem Frequencies

Table 2 shows the frequency by severity for eactheftop-level
problem types. The last row of this table givesttital number of
unique problems for each of the severity typeseNbat this total
is not equal to the sum of the numbers in the spoading
column, because most problem instances were asisignmore
than one type. Note also that the percentagesistdble are
expressed over those number of unique problem wénsens.

Overall, a total of 224 problems were observed. Thest
common severity level was impasse (95 or 42% oprblems),
followed closely by catastrophes (84 or 37% opatlblems).

Looking at Figure 7, we see thetypertext andLink creation

and management clearly stand out as the most important types of
problem, respectively covering 62% and 49% of hlervations.

In comparison, the next most frequent type Hypertext
authoring which only covers 14% of observations. This firglia
consistent with Calvi and Bra [2] who note thaklicreation and
management is the most difficult aspect of hypertaxhoring.
Even though wikis were designed to make it easycreate
hyperlinked pages, we see clearly that creating ruathaging
links is still a problem.

Moreover, theHypertext and Link creation and management
types respectively account for 86% and 79% of tleensevere
problems of type&atastrophe.

In the remainder of this section, we describe eatlhe top
problem categories in detail. For each type, wecries the
problems we observed, and provide solutions tovialle them in
future wiki implementations. Furthermore, we malkeenof other
features already implemented in existing wikis thaght also
alleviate those problems. Note that when discussiadgtions, we
focus on solutions that require as little clierdesiscripting as
possible, in order to keep the system simple anolw$er-
independent.

4.2 Hypertext

4.2.1 Problem description

The vast majority of usability problems had to ddéthwthe
Hypertext nature of the medium (62% of all problems). Beeaus
hypertext is more complex than linear contenteitded to cause
difficulties in a range of different contexts likediting, navigation
and site design. It is worth noting that the hypedrhature of the
medium caused much more problems than its colléiberaature

(see section 4.8). Because all problems of tylypertext also
appeared in at least one other type category, aeeleetailed
discussion of these problems to other sectionsabelo

4.2.2 Possible solutions

Solutions to specific sub-types éfypertext problems will be
discussed in more details in the sections relaieattier problem
types below.

4.3 Link creation and management

4.3.1 Problem description
The second most common type of problem Wask creation
and management (110 or 49% of all problems).

Out of those 110 problems, 46 (41%) were of subfgpeame
page. It is worth noting that alRename page problems were of
Catastrophe severity, and that this subtype alone accounted fo
55% of all catastrophic problems. The issue heretvat subjects
often misspelled names of pages when creating tlaem, had
trouble renaming them afterwards, without breakimg links to
that page. Subjects did not tend to use the LRegame link
which sits at the bottom of each page. Insteady #eemed to
want to rename the page by manipulating a link guants to it.
For example, if they wanted to rename a misspejpade
red_devel |, they would do so by editing a page that pointed t
red_devel |, and then correcting the WikiWord t@d_devi | .
But instead of renaming the page fromed_devell to
red_devi | , this ended up creating a danglintink for creating a
new page calleded_devil . This type of problem usually had
catastrophic consequences, because subjects wmkicde that?
link and retype the content of the origimald_devel | page from
memory. Often, subjects did not realize until miatier that they
had two versions of the same page, and when tligyhiy had to
somehow merge the two. Note that the large proporif page
renaming problems is probably due to the young efy®ur
subjects. In our experience, adult users do nainely misspell
page names, and therefore do not have to renama #w
frequently. But when they do need to rename pagey, tend to
experience the same issues as our young subjects.

Other very commorLink creation and management problems

(40 out of 110) were fairly shallow issues havingdb with the

syntax of links. Repeatedly, we had to remind thigjects to put
underscores between words (instead of white spaedmn

creating links. In our experience, most adults s¢erearn this
syntax after being told once. Another difficultybgects had with
the link syntax was how to override the anchor t&ha link to a

page, or changing the size of an inlined image. tath tasks,
many subjects simply did not remember that theydeddo use
the special exclamation mark syntax (see secti@rild). In our
experience, adults also have difficulty with thdest two points.
While anchor overriding and image resizing are Ydgpecific

features, we would expect other implementationsericounter
similar issues if they try to also support thosatdees using a
special link syntax.



Table 2: Observation frequenciesfor top level problem categories

Freguency
Total Catastrophe I mpasse Annoyance

Hypertext 138 | 62% 72| 86% 42 | 44% 24| 53%
Link creation and

management 110| 49%% 66 79% 33 35% 11 24%
Hypertext authoring 32| 14% 6 7% 7 7% 19| 42%
Image uploading 26| 12% 1 1% 25| 26% 0 0%
Creating/Editing pages 24| 11% 2 2% 6 6% 16 | 36%
Basic computer skills 19 8% 0 0% 14| 15% 5 11%
Collaboration 15 7% 5 6% 4 4% 6 13%
Navigation 6 3% 2 2% 4 4% 0 0%
Global Site View 4 2% 0 0% 3 3% 1 2%
Human problems 4 2% 4 5% 0 0% 0 0%
Total 224 84 95 45
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Figure 7: Histogram of frequenciesfor the various problem types and severities
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Page Skill View Problems

Another type ofLink creation and management problems (13
out of 110) was that subjects had trouble remembedtie exact
name of the page or image they wanted to pointrtéhey would
misspell it. For example, they might typehe_devil or
the_red_devel | in an attempt to point to a page actually called
the_red_devil, which would result in & link for creating a
new page. Like for problems involving page renamitigis
usually had catastrophic consequences becausecsuljeked
on that? link and duplicated pagehe_red_devil under a
different name.

Another type ofLink creation and management problem (5
cases) had to do with ensuring and preserving dheaness of
the story’'s topology (i.e. the structure of linkstlween the various
pages). Sometimes we noticed in the post-sessialysi that
stories contained orphan pages (1 case) and $eténeing pages
(1 case) and multiple copies of a page (1 case&).dases, the user
had difficulty transposing the topology he saw ba paper map,
onto the wiki site. For example, he might creatéimct link
between two pages, which, on the paper map, wenaeoted
only indirectly through a third page.



It is worth noting that many of thd.ink creation and

words with underscore to create a link), and threyliaited to the

management problems seemed to be caused by confusion in the basic syntax (e.g., no anchor overriding). They’daelp with

subject's mind between different concepts related libks,
namely: the link itself, its anchor text (i.e. tedisplayed for the
link), the name of the page it currently points aod the actual
page that lies at the other end of the link. Thisery similar to
the confusion that novice C programmers experiemeen they
first start working with pointers [23], and is bé#istrated by an
example. Suppose a subject edits a page and charygsWord
from ol d_wi ki wor d to nodi fi ed_wi ki wor d. We observed that
in some cases, the subject would correctly expierwiki to to
reorient the link to point at pageodi fi ed_wi ki word, but
keep pageol d_wi ki word intact. But in other cases, then
expected the wiki to simply change the anchor textodified
wikiword, but leave the link pointing at pagéd_wi ki wor d. In
other cases still, the subject would expect thei wikactually
rename pageol d_wi ki word to nodi fi ed_wi ki word and to
make the link point to that renamed page. Note wWeabbserved
these different expectations not only between ffe subjects,
but sometimes for a same subject at different pamtime.

The confusion between anchor text and name ofdtget page
also often manifested itself in a different gui€dten, subjects
would type extraneous action words in the Wikiwdod a link.
For example, in trying to create a link to a page_dungeon,
they might typereturn_to_t he_dungeon instead ofreturn
to the_dungeon.

It is worth noting also that with the exception afchor
overriding and image resizing, problems descrilvethis section
are common to most, if not all wikis. They are spécific to the
Lizzy Wiki nor to the storytelling nature of the taity we

observed. We have also observed essentially the pamblems in
our informal interactions with adult users.

4.3.2 Possible solutions

Most of the problems described above indicate tiaipulating
links through the raw wiki syntax is not appropeiathis is a very
significant result for wiki developers. The raw wigyntax for
links simply does not convey the complexities afk$i clearly
enough, and users have difficulty carrying out lorkation and
management tasks by manipulating this raw synteectly.

One way to address this would be for the wiki tovide link

wizards to carry out specific tasks like: pointiioga page without
knowing its exact name, changing the anchor tex lifik or the
size of an image, renaming a page or image and tkeejntegrity
of references to it. Such wizards could easily mvided without
client-side scripting and without making the systémowser
dependant.

The system could also make it easier to presermyantiegrity of
the topology, for example by warning the user wheparticular
edit operation results in the creation of an orplanself-

referencing page, or by providing admin tools ti&iw the user
to search for and repair this type of problems. Tihke wizard

described above would also help in that respectnaking page
renaming more intuitive. Most users seem to wantettame a
page through a link that points to it instead @Rename link on

the page.

Several wiki implementations have syntax wizardg tielp users
create links: Wikipedia [32], SocialText [27] toma a few. But
those only help with the surface feature of theayie.qg., joining

deeper issues like not knowing the exact name @fpidige you
want to point to. When you click on a dangling littk create a
new page, Wikipedia does offer you to search fgage that is
similar to the anchor text of the dangling link t hien you have
to copy and paste the name of the page once ydditfiAlso, the
search option is not prominent, so users are kelylito notice it.
It would be better if the system prominently showddly

candidates for link destinations. Other wikis li@Spot [10] and
Flash [9] try to go even one step further, and p®va
WYSIWYG editor that runs inside the browser. Howeat the
moment of this writing, neither of those implemeimias worked
well with all versions of Internet Explorer, FirefoSafari (the
Mac browser) on all OS platforms.

A feature that would help prevent link problems ébildren (but
not necessarily for adults) would be a spell che¢kat warns
them when they are about to create a link thatainsta spelling
mistake. MoinMoin [18] and the original C2Wiki [Shoth

implement spell checking of pages, however they ertrely

form-based and very awkward to use. Moreover, thggell

checkers do not automatically bring the attentiérihe user to
spelling mistakes in link names (the user mustieitlyl press the
Spell Check button). More interactive spell-cheskethat
highlight errors as soon as they are typed coulddweloped, but
they would require a significant amount of clieites scripting,
and they are not likely to work well across browsser

4.4 Hypertext authoring

4.4.1 Problem description

The third most frequent problem type (32 or 14%lbproblems)
had to do wittHypertext authoring issues where the subject had
difficulty writing and organizing content in a wahat makes
sense for a hypertext medium.

For example, some subjects had trouble planninddpelogy of
their story (8 out of 32). Others had difficultyttviwriting text so
that it makes sense in a hypertext medium (14 682). For
example, they would write a page or chose its niangeway that
made sense if the reader came to it from a paatiqoédge, but
would not make sense if he came to it from angplagie (9 out of
32). Or they would not know what to write on a terah page
where the reader wins or dies (7 out of 32). Oy tiweuld not
know how to write a first page introduction for tory that is
hypertext in nature (2 out of 32).

4.4.2 Possible solutions

Hypertext authoring problems do not seem to have a
technological solution. Such problems would propaté best
solved by educating the user about the differenoesveen
writing in a linear versus hypertext style.

4.5 Image uploading

4.5.1 Problem description

The next most frequent problem type wasage uploading (12%

of all problems). This may be an artifact of thergtelling activity

(which required that each page contain an illugmtor the

specific procedure used in Lizzy for uploading. Hoer, we have
noticed that adult users involved in non-storytgjlactivities also
experience many difficulties with the uploading qedure for
images and documents. Moreover, almost all probigitisimage



uploading (22 out of 26) have to do with the ladkrdegration
between the tool used to create the image and ittigamd this is
an issue that is common to all wiki implementationst just
Lizzy.

Because of the lack of integration between the enagthoring
tool and the browser, our subjects had to creaténthhge with the
drawing tool, save it to their hard disk, then tecthat image
using the OS’ files system browsing and upload ithe site (see
Figure 3). This required too many operations arduited too
many opportunities for errors. For example, sulgjeebuld save
the image to one location on their hard disk arahthot be able
to find it again through the wiki. Or they wouldcenp choosing
the wrong image. Sometimes, they would use a Wikd\Waith an
image format extension that did not corresponcht format of
the image on their hard disk. At other times, tiaee they had
used for the image on the wiki was different frdme hame they
had used to save the image on their hard disk lkisdconfused
them. Things were even worse in cases where acubmted to
modify an image that was already on the wiki ditethose cases,
she had to download the image to her hard drivedifin@ with
the drawing tool, and then upload it back to thki wite.

One problem that did not have to do with tool im&igpn (4 cases
out of 26) was that the upload would often take lmog and

either the connection would time out or the subjeatild give up
and press the Back button. In the later case, whew tried

uploading again, the system would tell them that fite already
existed, which would confuse them. The reason thlead took

so long was that the image drawing tool used by dhigects
could only save images in uncompressed BMP format.

4.5.2 Possible solutions

Problems which were due to the lack of integratbetween tools
are difficult to resolve. Ideally, the wiki shousdipport some sort
of drag-and-drop or copy-and-paste capability twatld allow
users to transfer the content of the drawing taaadly into the
wiki for uploading. Unfortunately, Web browsers dot support
this kind of capability. Consequently, there does seem to be a
good solution for this particular type of problem.

Problems where the user specifies an image fomtael wiki that
differed from the format of the image saved on duld
however be dealt with through a link wizard apptodas per
section 4.3.2). The issue of image upload takirglémg would
be best dealt with outside of the scope of the Wikiproviding
the subjects with an image drawing tool capablsasfng images
in compressed form (GIF or JPEG). However, one inzagine
cases where large documents of other types (exp,auwitleo,
PowerPoint) could take too long to upload. One teagvoid the
user giving up would be to warn them that this daalke a long
time. A better solution still would be to providgeogress bar and
a cancel button, but it is not clear that such fiomality could be
provided in a browser-independent fashion.

4.6 Creating/Editing pages

4.6.1 Problem description

Close to half of the problems in this type had towith wiki

markup (10 out of 24). A typical example is a sebfergetting to
separate paragraphs with a blank line, which redul the two
paragraphs being rendered as a single one. Albbatof those
markup problems were of annoyance level. They didpnevent
the subject from continuing with the task and didt mave

irremediable or hard to recover consequences. Astwthe text
ended up looking not quite the way the subject eauittto look.

The second half (13 out of 24) of the problems toado with the

sequence of steps required to create or open a, galfeits

content and save it. For example, some subjectbtrfogget that
they must click on the Edit button (1 case) betbey can modify
the content, or once they opened the page and ieddifs

content, they would not know to press the Saveobuf® cases).
In other cases, subjects would not know which paggplate to
select for creating a page (2 Cases), or they wbeldonfused by
the instructions provided on the template pageages). Often,
subjects did not understand that in order to createw page,
they should first create a link to it on some pabpen save that
page and use tiink in front of the WikiWord (4 cases).

4.6.2 Possible solutions

The ideal way to deal with the markup problems wolé for
wiki to provide a WYSIWYG editor. But this would gaire
heavy client-side scripting, and as pointed ouséntion 4.3.2, it
is not clear that it could be implemented in a lsemindependent
fashion. A simpler approach would be to implemeiki warkup
wizards that would assist users in tasks like: imgrkip text as
bold, italic, bullet points, etc. This too requiredient-side
scripting but it is more lightweight and has beertcessfully
implemented in a browser-independent fashion byumber of
wikis (e.g., Xwiki [33], SocialText [27], and Meddiki [17]).
However, it is not clear whether even that lightyttisolution is
warranted. In our experience, adult users at lepstkly master
simple wiki markup.

For the problems related to the page creation aditing
procedure, there does not seem to be any unifiediaos that
would deal with all of them. They are mostly indagent
problems, each of them occurring infrequently. Tdet that none
of those individual problems is reoccurring seemmtlicate that
once subjects have learned the solution to thelgmgbthey do
not encounter it afterwards. The (admittedly infreqt) problem
with users not knowing to press tEelit button to edit the page
might be solved by having the wiki move to the epége
whenever the user clicks somewhere in the page Wwbuld be
simple to implement in a browser-independent waty i small
amount of client-side scripting. But given how gduent the
problem was in the fist place, this highly non-siam behavior
might cause more confusion than it is worth. Foareple, the
user might accidentally click on the page whendibes not mean
to edit it, and be confused by the system’s behmaatighat point.
Some wikis like SocialText [27] let users createvrigages by
typing a name into a box, or clicking\sew Page link, instead of
creating a link from an existing page. While thiakas it more
straightforward to create a new page, it initiddlgves the page in
a state where it is unconnected to the rest ositiee and requires
additional steps to connect it afterwards. Creasimch a link after
the fact may be difficult for most users, giventtheost users have
difficulty with Link creation and management.

4.7 Basic computer skills

4.7.1 Problem description

Most problems of that type were not related towfie per se, but
had to do with some other tool or some generic aderpskill.
For example, many subjects had trouble remembéhieig userid
and password or the URL for the wiki site (13 cas€&ther



subjects had difficulty using the web browser ($e)aOthers did
not know how to use the image drawing tool (2 casashow to
search for images on the web (1 cases). Some ssibjad trouble
using the keyboard, especially when it came tontypspecial
characters like underscore (1 case).

4.7.2 Possible solutions

The solution to most of these problems is outdidescope of the
wiki. However, the issue with typing special chaeas could be
dealt with through link and syntax wizards (as pection 4.3.2
and 4.6.2).

4.8 Collaboration

4.8.1 Problem description

In general, the subjects we observed were very gbasing the
wiki as a collaborative tool, and this is evidenbgdhe relatively
small number (15 cases) Gbllaboration problems. For a more
thorough discussion of the collaboration aspects oofr
experiment, see Désilets and Paquet [6].

Some of this ease of collaboration may be an attifaf

experimental setup, because teammates were c@tbttag whole
time and had a paper map of the story which theydcose as the
basis for coordination. But part of it can alsodteibuted to the
fact that hypertext authoring is highly parallebia Because the
content is split into a number of small pages, thékes it easy to
divide work amongst teammates, and it decreasdgk#idood of

an edit collison (i.e. two teammates trying to change the same

page at the same time). Indeed, our experiencenfornially
observing adult users who are not co-located,as ¢bllaboration
through a wiki is very easy there too.

The bulk ofCollaboration problems we observed (8 cases) had to

do with coordinating the division of labor betwetrammates.
This happened mostly at the beginning of the agtiwwhen too
few pages had been written to allow teammates tokwo
concurrently without interfering with each othemrFexample,
when there were initially fewer pages than the nemmbf
members in the team, some teams did not know hokeep all
team members busy. Even after the story had grovratve more
pages than teammates, teams could still experigmoblems
when the story was still relatively small. This wascause the
small number of pages increased the likelihooeditf collisions.
In such cases, modifications made by one of the teeembers
would be lost because the wiki did not have filekiog
mechanism.

Another type of coordination issue (3 cases) was sometimes
the writing style was not consistent from one pegthe next. For
example, different members of a same team mightwdiéerent
voice for the narrative (ex: “You die.” versus “Tkeight dies.”).

We observed a small number (2 casespagfe name collisions,
meaning that two people want to use the same page ffior two
different purposes. In one case, the collision wékin a same
team, but in another case, members of two sepiz@tes working
on different stories wanted to use a same fairhyege page name
like: t he_dungeon.

Because our activity setup was not typical of mwikt uses, it is
interesting to ask whether our observations areesgmtative of

the Collaboration problems that would occur if teammates were

not co-located and did not have a shared papertmédgelp in
coordinating the work. Based on our experiencanggtip and

supporting various wiki sites for collaboration, welieve that
they are. Like in our experimerddit collisons seem relatively
rare out in the “real world”, even when teammatss ot co-
located and have no explicit way of coordinatingkeLin our
experiment, name page collison happen somewhat more
frequently thanedit collisions, but the second user typically
solves the problem easily by choosing a slightijedént (often
more specific) name for his page. And like in ouperiment,
inconsistent writing styles across a same sitevarg common in
the real world. The one type @follaboration problems that we
believe is an artifact of our experimental setuppi®blems
encountered because of the initial small numbegpagfes. These
problems occurred because all teammates startedngoon the
story at the exact same time, which is not typmfahow wikis
start in the “real world”. Typically, when a newRis created,
someone starts by seeding it with a number of pageshich
other contributors add to later on.

4.8.2 Possible solutions

Although edit collisions are fairly rare, they have dire
consequences (one set of edits being lost), sowbrth thinking
about possible solutions. The simplest solution ldide to have
some form of locking mechanism that would prevemntome from
editing a page while it is being modified by anetheser.
Unfortunately such locking mechanism often resutftspages
being accidentally locked “forever”, for exampleaifuser opens
the page for editing and never saves his edits.v@yeto address
this issue is to useoft locks which can be overridden by the
second user who opens a page, or that expire atitathaafter a
reasonable period of time. Some wikis (e.g., MoifM{L8])
implement this kind of time-limited page soft loogi Others
(e.g., Tikiwiki [29], and SnipSnap [26]) enableeslusers to do
hard locking. But such soft locks do not solve t®blem
entirely because there is still a possibility tloae person will
overwrite changes made by someone else. Whenesdrappens,
the wiki should warn the user and provide her veithintuitive
interface that allow her to merge her changes witise of the
previous user (for example, see Figure 8). Howeseth a page
merging interface would require a significant antooh client-
side scripting, and it is not clear to what extaon-technical
users would be able to use it.

Désilets and Paquet [6] described how subjects tisedhaper
map of their story for coordination in a numberidbrmal ways
that had not been prescribed by the instructor gekject writing
his name beside a node on the map to indicatehtha working
on that page, or a subject crossing a node toatelihat this page
is completed). We suggested that implementing attm@nic
equivalent to this paper map might help team colation in a
non co-located situation, by providing a sharedotetiable global
view of the site. One way to implement this woukltb augment
the Lizzy links map with textual annotations.

Some wiki implementations (e.g., MASE [14]) addré&sspage
name collisions problem by allowing users to put pages into
separate namespaces (for example, one space c@udleivbted to
each story). One disadvantage of this approachais it makes
hyperlinking more difficult because one has to leare that
pages may reside in different spaces. Considehapgpgage name
collisions are fairly rare and easily resolvabldle/problems with
the creation and management of links are highlyudemt and hard
to resolve, such a “solution” may be causing matbfems than



it solves. Also, this approach would not have stlpage name
conflicts that occurred within a same team, becausame team
would have shared a common space on the server.

There does not seem to be an easy technologiaatiolto the
problems of inconsistent writing styles. This iolpably better
dealt with by educating authors about the imporaoicreading
each others texts (especially at the start of they swriting) and
harmonizing their styles. Technological solutiomsild however
be devised to supoort this, for example, promiyeditplaying a
list of recently changed pages.

49 Global SiteView

4.9.1 Problem description

The wiki interface essentially presents the site page at a time,
making it difficult to get a sense of the structumed state of
development of a whole region of the site. Thisseauproblems
for the subjects. The frequency of such problems m@bably
smaller in our study than it would be in a normablation,
because in our setup, subjects had a paper map eittole site in
plain view all the time, and they used it often &wsessing and
navigating their story.

All 4 of those problems were instances where subjérd
difficulty figuring out what work was left to do ithe story.
Subjects who had finished a page would go lookiorgwork to
do but would fail in the attempt.

4.9.2 Possible solutions

Whenever students did not know how to find workdim, we

suggested that they invoke the Lizzy link map fritra title page
of their story. This allowed them to see their véhstory at once.
Pages that had a link to them but did not existeapgd with a
dangling? link in front of their names, signaling to the ugeat

those pages had yet to be created. In spite of thaeemed
subjects often forgot about the link map functidgabr invoked

it from a page situated in the middle of their gt@®ince the link

map only shows downstream pages, this only gave theiew of
part of the story. Maybe the link map could be madere
prominent by having it displayed on the left sidettee page all
the time (at least when the user is editing the).shlso, the link
map should probably show pages that are upstreameHlsas
pages that are downstream of the current one,adaiffers can get
a global view of the whole story even when theyat¢ the map
from a page in the middle of the story.

The textual annotations to the link map proposeskiction 4.8.2
could also help by allowing users to tag a pardcylage with a
list of things that remain to be done on it.

4.10 Navigation
4.10.1 Problem description

Our subjects experienced very few navigation prokI€6 cases).
This is surprising since navigation is such a commpmblem in

web browsing and web authoring [7]. However, tHisi@mally

small number of navigation problems may be morarifact of

our experimental setup than something that is duthé ease of
navigation with wiki. Indeed, all teams had a posiee graphical
map of their story in plain view all the time andey used it
extensively to orient themselves around the site.

In 3 of the cases, the problem was that the sulijetted for a
particular page and could not find it. In 2 of thosases, the
subject had even thought of using thiek M ap, but had invoked

it from a page that was downstream from the onwée looking
for. Since theLink Map only shows pages which are downstream
from the current one, the page the subject wasngador did not
appear on the map.

In 3 other cases, the problem was caused by naigasing the
browser'sBack button. For example, a subject might modify a
page, then move through a sequence of other p@gesome
point, the subject would repeatedly press Backetorn to the
first page, but he would overshoot by one and gndaeing an
old version of the page, as it stood before hisighaOn the rare

Figure 8: A change merging interface
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occasion when this happened, it would be very diseding to
the subject who thought he had lost his changésatopage.

4.10.2 Possible solutions

Problems with the Link Map could be solved by havindisplay

both upstream and downstream pages. Problems céys#ue

Back button are generic to all web sites that digpdynamic

content whose state can become stale. At preseat there does
not seem to be a good solution to this issue.

4.11 Interpersonal problems

4.11.1 Problem description

Some subjects experienced interpersonal conflictee course of
collaborating using the wiki. These problems weseattributable
to the wiki itself and this is why they are listeda separate type
from the Collaboration type. They have no bearing on its
usability, but they are included here for completn

4.11.2 Possible solutions
Solutions to interpersonal problems are outsidestape of the
wiki tool.

5. CONCLUSION

Overall our study indicates that wiki (or at leastr Lizzy
implementation) is indeed usable by non-technisakst The fact
that a class of 15 Grade 4 children can use itoltalooratively
create complex web-based stories with only two 1fute
training sessions attests to that. Though theuosir was present
to answer the children’s, Désilets has administevid sites for
which there was no live help present but were rf@iess used
successfully by non-technical adult users. Thisossistent with
the success and size of the WikiPedia on-line dapgedia.

However the study also identified types of usapilgsues that
were encountered by our subjects. The most impotyae had to
do with the creation and management of links toepagnd
images, and it accounted for 49% of all problend fam 79% of
problems with catastrophic consequences.

We have described possible solutions for some efpttoblems
encountered by our subjects and plan to test sdrtfeose ideas
(particularly those related to link management) dar next
observation session. Other questions of interestludie
learnability of wiki. For example, does the freqogrof errors
decrease over time as users learn to use the syatehif so, how
rapidly? Does the nature of the errors change tiwe? Another
interesting question concerns usability of wiki nmore typical
situations where collaborators are not co-locatad are not
working on a storytelling task.
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