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Abstract

Current Find and Replacetools o er their usersonly two options when performing
a nd and replace:replaceone match at a time while prompting the userto con rm
eadt replace, or replaceall matches at once without any user con rmation. Eacd
of these options can be prone to errors. In this thesis, | investigated, implemerted,
and tested a third option when performing a nd and replace: a cluster-based nd
and replace. Instead of replacing one match at a time or all matchesat once, the
user can chooseto replacea cluster of similar matches. While | hypothesizedthat a
cluster-basednd and replaceinterfacewould make userscompletea nd and replace
task faster and more accurately preliminary userstudiessuggestthat a cluster-based
interface may improve speed.
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Chapter 1

In tro duction

Repetitiv e text editing tasks, sut as spell-cheking and nd and replace, are both
tedious and error prone. While convertional interfacesfor thesetasks allow usersto
quickly and easily make changesthroughout their documerts, they also allow users
to quickly and easily introduce errors throughout their documerts.

A typical text editor o ers its usersonly two choiceswhen performing a nd
and replace: replaceone match at a time while prompting the userto con rm eadth
replace,or replaceall matchesat oncewithout any usercon rmation. Howewer, when
documerts are long or cortain a large number of matches, neither option is optimal.

Replacingone match at a time with con rmation can take a signi cant amourt
of time to do, and is prone to errors. If most of the matchesare to be replaced,a
userwill often start to con rm a replaceautomatically and missthe few caseswhere
they would have preferredto pay more attention to the match presered.

Replacingall matchesat once, howewer, can lead to interesting side e ects. Ex-

amplesinclude:

Occurrencesof \stogard" instead of \standard" in the Danish users'guide for
Windows for Workgroups 3.11. This error likely occurredwhenin an attempt
to translate the English versionto a Danish version, the translator performed
a global seart for the English word \and" and replacedall matcheswith the

Danish equivalert \og" [7].



Occurrenceof \eLabourated" in the Wall Street Journal. This error was the
result of running a global seart for \lab or" and replacing all matches with
\Lab our" in order to correct a previous error where the British Labour Party

had beenreferredto asthe British Labor Party [7].

Occurancesof \AmriCzar" in a Reutersnewsstory. This error was the result

of running a global seard for \tsar" and replacingall matcheswith \Czar" [7].

The careful writing of seard patterns can mitigate someof these problems, but
this requiresthat the usereither to know the documen they are editing well enough
to createa perfect pattern or to have a better graspon regular expressionghan most
usershave.

In this thesis| implemerted a third possiblemethod for performing a nd and
replace: a cluster-basedmethod in which the useris instead presenied with clusters
of similar results within his/her seart. Instead of replacingone match at a time or
all matchesat once,the usercan selectand replacea cluster of similar matches. Now
when the useris performing a nd and replacetask, they can choosewhich clusters
match the desiredpattern and ignore the rest of the matches. This method allows a
userto createsimple, generalpatterns and then chooseto replacea speci ¢ subsetof
the matcheswithout needingto write a more complicated seart pattern. The user
is alsoableto quickly replacea subsetof matchesto their seart query, with a lower
risk of unintentionally replacing of any of the other matchesto their sear® query.

For example, in Figure 1-1, all the single and double quote marks have been
renderedas question marks. This incorrect rendering can happen when trying to
copy text from onetext viewer and pasteit in another. In order to make it readable
again,you would have to changeall of the questionmarks(?) to the appropriate quote
mark. Someof the question marks, howeer, are meart to be questionmarks. This
paragraphconains eleven questionmarks: v e are meart to be singlequotes, v e are
meart to be double quotes,and oneis actually meart to be a questionmark. Current
nd and replaceinterfacesrequire the userto look at ewvery instance of the question

mark and gure out if they want to replaceit with a double quote, single quote or



leave it alone. This requireseleven con rmations from the user. Alternativ ely, you
could try to make a better pattern by rst replacing all question marks that have
a spacein front or behind them with double quotes,then replaceall other question
marks with a single quote, and nally nd all examplesof a single quote in front of
a double quote and replacethem with a question mark and a double quote. That
would require three replaceall actions, and with no guarartee to have made perfect
patterns.

Replacing all question marks with either double or single quotesat once would
leadto either Figure 1-2 or Figure 1-3. Neither of theseexampless correct. Replacing
all questionmarks with double quotesleadsto do"t and replacingall questionmarks
with single quotes leadsto quotes being surrounded by single quotes rather than

double quotes.

?We hope to make the cortents of our servicecoursesmore clearly known
to other faculty,? said Miller. ?We?re always getting questions from
faculty like: ?Do you really teach complex numbers in your courses??
becausestuderts claim they?we newer seenthem. Whether the studerts
have forgotten or just don?t recognizethem in another cortext, we don?t
know. It?s complicated becausethings often appear in slightly di erent
languagefurther downstream. [1]

Figure 1-1: A pieceof text whereewery singleand double quote hasbeenrenderedas
a questionmark as a result of copying from onetest viewer and pasting in another.

\W e hope to make the cortents of our servicecoursesmore clearly known

to other faculty," said Miller. \W €" re always getting questionsfrom fac-

ulty like: \Do you really teach complexnumbersin your course$" because
studerts claim they" ve never seenthem. Whether the studerts have for-

gotten or just don"t recognizethem in another context, we don"t know.

It" scomplicatedbecausehings often appearin slightly di erent language
further downstream.

Figure 1-2: Result of replacingall questionmarks in Figure 1-1 with double quotes.
Errors are shovn in bold.

Given the paragraphin Figure 1-1 my cluster-based nd and replace interface

presens the user with four clusters: two clusters cortaining matches that should
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"We hope to make the cortents of our servicecoursesmore clearly known

to other faculty,” said Miller. 'We're always getting questionsfrom fac-

ulty like: 'Do you really teach complexnumbersin your course$ because
studerts claim they've newer seenthem. Whether the studerts have for-

gotten or just don't recognizethem in another cortext, we don't know.

It's complicatedbecausehings often appearin slightly di erent language
further downstream.

Figure 1-3: Result of replacing all question marks in Figure 1-1 with single quotes.
Errors are shovn in bold.
be replacedwith double quotes,and two clusters cortaining matchesthat should be
replaced with single quotes (Figure 1-4). Becausethe exampleis very short, the
match that should not be replacedis mixed into the cluster corntaining matchesthat
should be replacedwith double quotes. In a larger documert, this error would not
happen. The clustering algorithm dependson the featuresof the text surrounding
the questionmarks to group the examplesin to similar clusters.

There are four key di erences and advantages between a cluster-based nd and

replaceinterfaceand current nd and replaceinterfaces.

1. Matc hes are group ed by similarit y. Grouping the matchesallows the user
to make onedecisionabout a group of matchesrather than a decisionfor eah

match in the group.

2. Matc hes are not presented in document order. A usercan selectand
replacean ertire group of similar matches located throughout the documert

without accidenally replacingany other matches.

3. All matc hes in a single group can be replaced all at once. Only one

action is neededto replacemultiple matches.

4. Matc hes which cannot be group ed can be replaced one at a time.
A user can carefully go through matchesthat do not easily t into any larger

groups.

| have approadedthis problemin two parts. | designedan extensionto LAPIS, a

usablecluster-basednd andreplaceinterfaceandtried to make that userinterfaceas
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| Patterns | Cluster Find and Replace |

Find What: 7

[ ] Match Case [ | Find Whole Words Only

Find All

11 total matches shown | Selectall ||

Unselect Al |

= 3 related matches:
aculty,? said Miller. Thefre :
Coursest? because students cle
aurses?t hecause students clai
= 3 related matches:
im theyive newvwer seen them. Wt
st donit recognize Them in ar
we danet kKhow, ItYs complicat
= 2 related matches:
er. ThleTre always getting ques
how, It%s complicated hecause
E 3 miscellaneous matches:
thle hope To make tThe Cc
iller. The¥re alwaws getting c
“1ike: %00 wou reallw Teach Cc

0 matches selected for replacement in blue

Replace With:

11

Close |

Figure 1-4: Screenshobf the cluster-basednd and replaceinterface which presens
the userwith four clusters. The rst cluster cortains matchesthat shouldbe replaced
with double quotes, except for the secondmatch which should be replacedwith a
guestionmark. This error occurs becausethe exampleis too short. The secondand
third clusterscortain matchesthat shouldbe replacedwith singlequotes. The fourth
cluster cortains matchesthat should be replacedwith double quotes.



intuitiv e as possiblesothat peoplefamiliar with standard nd and replacetools can
seamlesslyransition to a cluster-basednd and replace.| then tested and compared
the speedand accuracyof usersperforming nd and replacetaskswith a cluster-based
interface and a corvertional nd and replaceinterfaceto discover whether or not it
improved user performance.

| hypothesizedthat a cluster-basednd and replaceinterface will allow usersto
complete nd and replacetasksfaster and more accuratelythan a standard nd and
replaceinterface. | found that a cluster-basedinterface did not help as much as|
hoped it would.

Chapter 2 explainspreviouswork donein nd and replaceinterfacesand cluster-
ing.

Chapter 3 explains the processof designing,prototyping, and implemerting the
cluster-basednd and replaceinterface.

Chapter 4 explainsthe testing of the cluster-basednd and replaceinterface and
the results of the user study.

Chapter 5 explains what was learned about building a cluster-basedinterface,

future work, and the cortributions to userinterfacereseart this thesis made.
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Chapter 2

Background

2.1 Find and Replace Programs

Most text editing programs (i.e. MS Word (Figure 2-1(b)), notepad, and emacs)
cortain a Find and replacetool. A quick seart of downloads.comyields over 50
dierent nd and replaceprograms. Examplesinclude AdvancedFind and Replace
1.5.0,HandyFile Find and Replacel.2 (Figure 2-1(a)), and EFR (Extended Find and
Replace)1.0. All of thesetools force usersto comeup with very speci c patterns for
their searth queriesthemselhes either through the use of regular expressionsor by
the useof chedk boxeswhich allow a userto specify restrictions sud as\match case"
or \matc h whole word only". None of thesetools allow usersto pick a subsetof the
matchesto replacewithout picking ead memnber of the subsetindividually.

Regular expressionscan be dicult to create, especially with the use of wild
cardsthat may nd matchesother than the onesintended. When usedin a global
corntext, this canleadto errorsthroughout an ertire documen. As oneuserofa nd
and replace product complained\A one-taracter typo resulted in hours of restore
operations” [2]. Another usermertioned that regular expressionmatching forcedthe
user\to stay strict with the code" and that it would be an improvemern if a nd and

replaceprogram had \some intelligencein choosingwhereand whento change" [3].
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(a) Handy File Find and Replace (b) MS Word nd and replaceinterface

Figure 2-1: Examplesof nd and replace utilities (a) HandyFile Find and Replace
(b) MS Word

2.2 Clustering

In madine learning, clustering is a form of unsupervisedlearning [4]. Unsupervised
learningis the processof classifyinga setof unlabeleddata. This classi cation method
allows oneto skip the step of creating and labeling a set of data for future data to
be comparedagainst. A standard clustering algorithm takes a set of unclassi ed
data, createsa feature vector for eatd pieceof data, and then groups piecesof data
together given their distance from ead other in the feature space. The distance
between samplesin the samecluster should be smaller than the distance between
samplesin di erent clusters. Clustering requiresthat the featuresusedare signi cant
(i.e. afeature that distinguishesjust one samplefrom all other samplesis probably
not useful).

In the nd and replaceworld, a cluster is a set of matchesto a sear® query
that sharethe samefeatures. Featuresin the nd and replaceworld include text
stylization (bold, italics), surroundingtext, and position in the documert (in atable
or a list). For example,in a seard query for the word \hello", a possiblecluster of

matchesmight include all examplesof the word \hello" that appearin bulleted lines.
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2.3 LAPIS

Cluster-based nd and replacewasimplemened asa addition to LAPIS. LAPIS is a
lightweight structure text-editing program and the basisfor my work. The premiseof
this programis that usersoften dealwith text that cortains somestructure they may
wish to repetitively edit. Examplesof structured text include: e-mails (To, From,
and Reply-To elds), HTML code (tags that format the way you seea web page),and
web pages(links, advertising blocks, and stylized text. Eventhis paper cortains some
structure (headingsand the format of the bibliography). Lightweigh structure is the
combination of the models of various text structures (i.e. tables, HTML or code), a
library of structure abstractions (such as phone numbers or words), and the algebra
to conmbine thesemodelsand abstractionsto create even more powerful abstractions
[5]. LAPIS also allows the userto make multiple selectionsin a documert, either
manually, through pattern matching, or through inference(having the user highlight
a few examplesand inferring the type of selectionthat the userwants to make).

In the nd and replaceworld, the ability to make multiple selectiondn a documen
and edit all of them simultaneuosly will be usefulin performing a single action on a
group of matchesto a seart query rather than performing an action for ead match.

LAPIS usesoutlier nding [6] to focus a user's attention on possibly incorrect
inferencesduring multiple selection. In statistics, an outlier is a piece of data that
doesnot look like most of the rest of the data, or a pieceof data signi cantly di erent
from most of the rest of the data. Miller's outlier nder takesthe set of text regions
that match the pattern being searded for and generatesa list of featuresfor eah
match. In LAPIS featuresincludetext stylizations (bold, italics, or font size),position
in documert (beingin atable cellor abulleted line), and word speci ¢ featuressud as
capitalization style, and part of speet. The outlier nder then clustersthe matches
with idertical featurestogether and ranks the clusters basedupon their Euclidean
distanceof the cluster from the median match in the feature space.Matchesthat are
furthest away from the meanare consideredto be the outliers of the matched set.

In the nd and replaceworld, the ability to identify outliers will be useful in

15



identifying clustersof matchesto sear® queriesthat may needmore careful attention
paid to them. The ability to apply featuresto text regionswill be helpful in grouping

text regionsby similarity.
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Chapter 3

User Interface

There were three phasesin building the user interface: designing, prototyping and
testing, and implemertation. The designingand prototyping phaseswereintermixed.
After a designwas decidedon, it would be tested with a small number of usersand
ewvaluated accordingto usability heuristics. Changesto the designwould be made
basedupon the ewaluation and the new designwould be prototyped and evaluated

again. Iterativ e designenabledrapid improvemerts in the design.

3.1 Design

The designphasestarts 0 with brainstorming and endswith a preliminary design.
During this phasegenerallayout, component functionality, labeling, and componert
interactions are tentativ ely decidedupon. In this phasedesignersattempt to iron out
any ambiguity in functionality and labeling of the interface. The designphasealso
takesinto accourt represetation of information, feedba&, and usability heuristics.
As an extensionof current nd and replaceinterfaces, Cluster-BasedFind and

Replacehasthe following designissues:

Consistencywith current nd and replaceinterfaces: How canthe cluster-based
nd and replaceinterfacebe madeintuitiv e for usersof current nd and replace

interfaces?What needsto remain the same?What can be changed?

17



Cluster description: What's the best description of a cluster? Should a cluster
be descriled by its featuresas a list? Or should clusters be described using
examples?Should the userbe allowed to specify featuresit wants the clusters

formed around?

Cluster selection: Should a user be able to selectmore than one cluster at a
time? Should a userbe able to selectindividual matchesout of a cluster? How
can a cluster be shavn to be selected?How should clustersbe displayed in the

documernt?

Cluster display: Should clustersbe displayed in a hierarciical manner, sud as
a tree whereusersare rst preserted with large generalclustersand can then
progressthrough the tree to smaller, more speci ¢ clusters? Or should clusters
bedisplayedin a at mannersud asatable whereead row or column cortains

a cluster of matches?

Initial designsexploredthe possibilities of displaying clustersin tabular (showving
the headsof all the clustersin onelist, then shaving the menbers of the cluster in
another list whenthe userselecteda cluster), tree (showing the headsof the clusters
to the userthen allowing the userto expanda cluster-headand view the menbersin
the cluster), and user-driven categorization(give the user elds to split the matches
by and make their own matches). | also explored how clusters could be selected,
whether multiple selectionshould be allowed, how selectionsshould be represeted
in the documen being edited, how matchesshould be represeted in the documert.

Following the usability heuristicsaslaid forth by Nielson[8], | placedthe buttons
relatedto nding clustersin onearea,and replacingclustersin another. Thereis very
little color usedin the interfaceexceptto call attention to certain areasof interest (ie
the clusters).Button labels were carefully selectedto corvey to the userwhat would
happen whenthey clicked on it. In orderto provide exits, the closebutton is clearly

marked and presen at all times in the interface.

18



3.2 Paper Protot yping

Once a user interface has beentested against usability heuristics, it must be tested
with actual users.In the prototyping phaseof userinterfacebuilding, the preliminary
designis turned into a paper prototype. Paper prototyping is a processin which a
user interface is laid out on paper, and tested on users[9]. The user can interact
with the paper modules of the designby using a nger asa mouseand a pencil as
a keyboard-like input, while a menmber of the designteam imitates the responsesof
the program by moving and displaying the componerts of the paper prototype in
responseto the user's' actions. This method of prototyping allows a user interface
designand function to be tested beforecommitting anything to code. In this phase,
ambiguity in functionality missedby the designphasewill be discoreredand the user
interface modi ed asa result.

For this interface | used a hybrid paper and computer prototype. Userswere
presened with a paper version of the cluster based nd and replace interface and
interacted with it via a nger and a pencil. The documern they were performing
the nd and replacetask on was shovn on a computer screenand all changes(re-
placemens and text highlights upon cluster selection) they made to the documert
through the nd and replacetask werere ected on the screen.Userscould alsoscroll
through the documert onthe screenbut all editing had to be donethrough the paper

prototype.

3.2.1 Initial Protot ype

The initial paper prototype, shovn in Figure 3-1and Figure 3-2, had two modeswhich
allowed usersto switch betweenone-at-a-timeunclusteredreplacemen and a cluster-
basedinterface. The Matches column gave the number of matchesin the cluster,
the Con dence Level was a bar graph shaving how di erent or strangethe cluster in
comparisonto the most normal cluster. The strangerthe cluster, the shorter the bar,
indicating a lower con dence in the cluster being a normal cluster. The description

explained the similarities in the cluster. A user could indicate selectionof a match

19



Figure 3-1: The simplemode of the original prototype wasmeart to enulate standard
nd and replace interfaces as much as possible while leading the user to become
comfortable with the idea of a di erent nd and replaceinterface.

20



Figure 3-2: The advanced mode of the interface clusters the results to the seart
string and allows the userto replacea cluster of matchesat a time.
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or cluster by clicking on the row, at which point the cluster of matches would be
highlighted in the documen and the row itself would also be highlighted. Pushing
\Y es, Replace" would replacethe words highlighted in the documert with the text
in the ReplaceWith eld. Pushing\No, Omit" would make the row in the interface
disappear while not making any changesin the documen. \Replace Remaining"
would replaceall matchesvisible in the nd and replaceinterface with the text in
the \Replace With" eld. A summary of thesefunctions are shovn in Figure 3-1and

Figure 3-2.

Testing

The paper prototyping wasrun on three subjects, eat of who were asked to perform

the following two tasks.

1. Shovn a modi ed copy of the MIT nals sdedule (Figure 3-3), change all
examplesof \M" to \Monday", but only whereM actually represeited Monday.

When nished the nal results shouldlook similar to Figure 3-4.

SUBJECT SUBJECT NAME INSTRUCTOR(s) | LOCATION | DATE/TIME

10.32 SeparationProcesses M M ohr Johnson M 12/16
M orning

Figure 3-3: Header Row and samplerow from the MIT nals sdedule shovn to
subject. (All M's are in boldfacefor emphasis. Table shovn to subject did not use
boldface.)

SUBJECT | SUBJECT NAME INSTRUCTOR(s) | LOCATION | DATE/TIME

10.32 Separation Processe§ M M ohr Johnson Monda y 12/16
M orning

Figure 3-4: HeaderRow and samplerow from the MIT nals stedule after correct
changeswere made. (Monday and all M's are in boldfacefor emphasis.)

2. Shown a copy of the proposalfor this project, changeall occurrencesand forms
of the word \cluster" to \group”, but do not changethe phrase\cluster-based"

to \group-based". Attempt this task using one seart pattern rather than

22



changing all matches of \clusters" to \groups", then changing all matchesto

\clustering” to \grouping", etc.

Paper prototyping shaved that usersdid not nd the con dencelevel useful. Most
thought that it shaved the sameinformation as the Matches column. Descriptions
were also found to be confusing. For example,many usersdid not understand what
in [p] meart. There was also someconcernabout non-homogeneouslusters. Users
did not trust that the individual clusterswould be perfect enoughand cortain either
only matchesthey wanted to replace or only matchesthey were not interested in
replacing. As a result, userswere frustrated by the fact that they could not select
individual matchesto replace.

During paper prototyping, most usersdid not attempt to usethe Omit button.
When questioned,usersrespondedthey didn't know what clicking it would do. Some
felt that clicking Omit would causethe selectedclustersto disappear from the docu-
mert (similar to a delete).

There was also someconfusionwith the layout. After typing in a word to nd,
userswere unable to quickly spot the button that would causethe matchesto show
up (Find All). Userswerealsoobsenedto hit the Replacebutton before lling in the
ReplaceWith eld. Somealsowould hit ReplacebeforeFind All and were confused
as to why nothing happened (they hadn't selectedany matches). Some of these
problems were due to the reduced capabilities of a paper prototype, for example,
buttons can't easilybe madeto look disabled,and the mousecursorcan't be changed
to add feedbag&.

3.2.2 Second lteration of Protot ype

The seconditeration of the interface, showvn in Figure 3-5, removed the Con dence
Level column, the Omit and ReplaceRemaining buttons, and the two level design
which would allow usersto switch between a one-at-a-time mode and a clustered
view mode. SelectAll and UnselectAll buttons wereadded. The label for the button

that performed the replace action was changedto Replace,as | discoered that a
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Figure 3-5: Seconditeration of the paper prototype. This iteration investigated
changingthe layout to better match the user'swork ow. Areasnot labeledhave the
samefunction as previousiteration.
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more descriptive button label did not help the usersand took up too much screen
space. The layout of the panel was also changedto better match the user's work
ow. By putting the Find All button belov the Find What eld and the replace
related actions below the displayed matches, usersfollowed the componerts down the
screencould then selectthe appropriate matchesand then do the appropriate replace
actions. Descriptions of the clusters remainedas they were in the rst iteration of

the prototype.

Testing

This iteration was prototyped on three userson the sametasks asthe previousitera-
tion. Paper prototyping this iteration shaved that usersdid not missthe information
regarding con dence level, or the ability to remove clusters. No one asked for these
features. There wasalsolessconfusionasto what the next stepshouldbe. Userswere
able to quickly locate the Find All button and didn't attempt to click the Replace
button beforehaving found anything.

Usersstill found the descriptionsconfusingand intimidating. Thosethat did try
to decipherthem, appearedconfused. Userswere also obsened to click on a cluster
of matchesin the interface and not notice that the matcheswere highlighted in the
documert. There was also someconfusionasto why there wasn't just \one correct
cluster". Someusersfelt that they should only needto selectthe one correct cluster.

A surprising thing noticed during prototyping was that userswould try to select
all the correct clusters before performing a replace, rather than replacing one or a
few clustersat a time aswe thought they would. It wasn't clear at the time whether
or not this was an artifact of the paper prototyping. As it turned out, this behavior

cortinued to appearin userstudiesof the implemened interface.

3.2.3 Third Iteration of Protot ype

In the third iteration, shown in Figure 3-6, | replacedthe description of the clusters

with an excerpt of the text surrounding the match in the documert, with the match
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Figure 3-6: Third iteration of paper prototype. This iteration presered the matches
in atree structure grouped by similarity. Matchesare now descrited by excerptsfrom
the document.
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itself highlighted in blue asit would appear if it werein the documert and selected.
The represemation of the matchesand descriptionswere changedfrom a table repre-
seration to a tree represemation. Clusterswere orderedfrom largest cluster on the
top to smallest cluster. Matchesto the seart string that were unclusterable were
displayed at the end. Initially the ertire tree was closed. To open a cluster, the user
had to click on the + sign. Matchescould be selectedindividually by clicking on its
correspnding row, or asa cluster by selectingthe top row of the cluster.
Wealsobrie y tried afewuserswith aversionof the Omit button underadi erent

label (Reject, Exclude and Discard).

Testing

This iteration wasprototyped onthree users. Their rst task wasthe sameasthe rst
task in previousiterations (replacing the letter M with Monday where appropriate).
The secondiask wason the samedocumert asthe secondasksin previousiterations,
but subjects were instead asked to replaceall examplesof the words \clusters" and
\clustered" with \groups" and \group ed" respectively, but not to changethe words
\clustering” or \cluster".

Paper prototyping this iteration shoved that usersappreciatedthe ability to par-
tially selecta cluster in the caseof heterogeneouglusters. Usersappreciatedthe
excerptsof the documert. They found it madeit easierto quickly scanthe list and
pick out which examplesmatched the pattern they were looking for. An interesting
behavior was noticed, howewer. Usersdid not tend to selectan ertire cluster at a
time. User instead would scanthe list of matches and decide on ead match if it
was correct or not, very similarly to the way userswould handle a standard nd and
replaceinterface.

When we rst presenied the collapsedtree, userscomplainedthat in order to
perform the task, they were required to open up ewery cluster to scanit as they
didn't know why a cluster was grouped the way it was. Presening a completely
expandedtree, though, led to the one-at-a-time selectionfor replacewherethe user

would scanthrough the tree as though it were a list and chosewhether or not to
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selectthat row.
The Omit-t ype button wasuniversally consideredconfusing,regardlesof its label,

asnoted in the rst iteration. Subsequendesignsomit it ertirely.

3.2.4 Fourth Iteration of Protot ype

In this fourth iteration, shaovn in Figure 3-7, | changedto a two list format. The
cluster headingswere in the list labeled Matches. When usersclicked on one of the
clusters, the Description section would be populated with the individual matches
belongingto the cluster. Userscould choseto selectall the matchesin the cluster
by clicking SelectAll, or selectthe matchesindividually per cluster if they desired. |
hoped that this would encourageusersto deal with whole clustersat a time rather
than individual matchesat a time.

The rest of the functionality of the interface remainedthe same.

Testing

This iteration wasprototypedontwo userson the sametasksasthe previousiteration.
Paper prototyping this iteration shoved that usersreally wanted to be able to select
all the correct matchesto replacebeforeperforming a replace. Someusersattempted
to display all the matchesat oncesothey could go through the ertire set of matches
at once.

| alsoasked usersto comparethis interfaceto the secondteration. Userspreferred
context descriptionsof the matchesover feature description of the clusters.

There remained someconfusionas to why matches were clusteredthe way they
were. Userswerealsonot happy about needingto interact with eadt clusteronits own

sincethey didn't know anything about the cluster from the description\30 matches".

3.3 Implemen tation

From the user feedba& from the paper prototyping | decidedto implemert a tree

represemation similar to the third iteration (Figure 3-8).
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Figure 3-7: Fourth iteration of paper prototype. This iteration explored preseting
the matchesin a two-list structure where clusterswere preserted in the left list and
the individual matchesof the selectedcluster were presetied in the right list.
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Figure 3-8: Screenshobf Tree Represetation of clusters. Matchesare clusteredinto
groupsby similarity and are orderedby the number of matchesin ead group.
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When usersare rst preseted with the interface, they seeonly the Find What
eld, chedk boxes for cortrolling casesensitivity and whole words searth and the
Find All button. The Find All button is disabled until somethingis typed in the
Find What eld. By only presering the userswith a few things they could do, this
minimized the confusionasto what the next step should be as there were a limited
number of options.

After typing a seart string into the Find What eld and either hitting the Enter
key or the now enabledFind All button, userswere preseted with the matchesto
their seart query grouped by similarity and sorted by sizeof the resulting groups.

When the user clicks on one of the matchesin the nd and replaceinterface, the
correspnding match is highlighted in the documert in blue and the selectedrow is
highlighted in the interface. Until the user selectsat least one match, the Replace
button is disabled.

Match selectionis toggle on click. If the userclicks on a match that is already
selectedthat match is deselectedand vice versa. If the userclicks on the top level of
the cluster, all matchesin the cluster are highlighted in the documert and the ertire
cluster is highlighted in the nd and replaceinterface.

Originally, match selectionfollowed standard Java cornvertions, where toggle on
click wasonly active if the cortrol key washeld down. By holding down the shift key,
userscould selecta cortiguous collection of rows. Early userstudiesshaved that not
ewveryone was familiar with Java corvertions for multiple selection. Someuserswere
obsened noticing that making a selectionwould clear the previousselectionand then
selectingand replacingead match oneat a time. This set of actionsfrustrated some
usersasthey found the processtedious.

Early userstudiesshavedthat usersalsohad trouble realizingthat nodeswere se-
lectablein the interface. This problemdidn't appearin the paper prototype, perhaps
becausepaper prototype userswere not able to interact very much with the screen
and were thereforeforcedto interact with the interface. In order to help users gure
out that the nodesin the tree are selectable,feedba& was added. When the user

puts the mousecursor over or near one of the nodes,the node is highlighted soasto
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appear three dimensional.

In the tree represemation, userscan collapseclustersby clicking on the - and later
expandthem by clicking on the +. When the cluster is closed,the usersare shavn
how many matches are in the cluster and an example of one of the matches. As
mertioned before, paper prototyping shoved that userswere confusedby the feature
descriptionsof the clusters. It was nally decidedthat the bestdescriptionof a cluster
wasthe cluster itself. Usersare better ableto form their own idea of the cluster than
a program is able to create human readable or natural languagedescriptions of a
cluster.

In the list represetation, userscan only look at one cluster at a time and select
matcheswithin that cluster. When usersswitch clusters, their previous selectionis
lost. When userslook at a new cluster, all the matchesare originally selected.

Usersare kept aware of the total number of matchesthat are shown in the interface
and the number of matchesthat have beenselectedor replacemen through the labels
above and below the match display sectionof the interface.

Early implemertations of the interface also highlighted all the matchesto the
seard queryin the documert in yellow asshowvn in Figure 3-9. This waslater removed
as someuserswere confusedby the yellow highlighting and felt that a Replacewould
changeall text highlighted in yellow. Other userswere obsened to go through the
documert scanningthe yellow text and manually selectingthe yellow text they wanted
to replace. their selectionto what they wanted.

The entire implemertation of the cluster-based nd and replaceinterface is ap-

proximately a 6,000line addition to LAPIS and is written in JAVA.
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Figure 3-9: Screenshobf all matcheshighlighted in yellow while selectedmatchesare
highlighted in blue
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Chapter 4

Testing

The goal of this study was to test whether or not a cluster-based nd and replace
interface made a di erence in user accuracyor speedwhen performing a nd and
replacetask. The cluster-basedinterface was comparedto a standard nd and re-
placeinterface and a list basedinterface. Comparing the cluster-basedand standard
nd and replaceinterfacesshowned if there was any value in clustering the results.
Comparing the cluster-basedand list nd and replaceinterfacesshoved whether the
value in the cluster-basedinterface was the clustering that assistedthe useror the

fact the could seeall the matchesat onceand in cortext.

4.1 Metho d

Participants were 7 malesand 6 femalesranging from 18 to mid-30's. Subjects were
recruited through iers postedaround campusand the Brain and Cognitive Science
experimertal subjects list advertising a userinterface study. Subjects weretold that
they would be paid $5 for ead half hour they participated. Subjects were asked to
have someexperiencewith word processing.

Ead subject completedthree nd and replacetasks,oneon ead of three di erent
interfaces. The rst two taskswerethe sametasksasthe rst iteration of the paper
prototype as descrited in section 3.2.1. For the third task subjects were shovn a

copy of a paper and told that they were planning on submitting it to a British
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Figure 4-1: Standard Find and Replaceinterface

journal. Howewer, since the paper was written in American English, they needed
to make a few spelling changes. They were asked to changeall forms of the word

\lab or" to \lab our” but to not change\elaborate" to \elabourated" or \lab oratory"

to \lab ouratory". They were also asked to ignore any other words that may need
changing, for examplecolor or tire.

The following three interfaceswere used:

1. A corventional interface similar to Microsoft Notepad, but implemerted in
LAPIS (Figure 4-1). This interfacewasa standard one-at-a-timewith a prompt

for userresponseat eat match. Matcheswere preseited in documern order.

2. A unclusteredinterface (Figure 4-2) that shoved all matchesto the user'sseart
guery at once. Usersthen could selectwhich matchesto replace. Although
multiple selectionof matcheswas supported, the matcheswere not clustered.

Instead matcheswere simply presened in documen order.

3. The tree represetation cluster-based nd and replace interface descriked in

section3.3 and shown in Figure 3-8.

The order of interfacesand tasks varied from userto userand was predetermined
sothat appraximately equalnumbers of userswere presened with a speci ¢ ordering

of interfacesand tasks.
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Figure 4-2: Screenshotof List represetation of matches. Matches are shown in
documert order.
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Beforethe experimert, subjects were given a brief pretest to assessheir abilities
with text-editing programs, featureswithin sometext-editing programssud as nd
and replaceand regular expressionsand computer programing. Subjects were also
asked about their nd and replacehistory, how they had performedsud tasksin the
past, and how often they had performedthe task in that manner.

Subjects werethen preseited with a paper describingthe three tasksthey wereto
complete. The descriptionof ead task corntained examplesshaving how the documert
should look beforeand after making the appropriate changes. Subjects were told to
carefully read and completethe tasks in the order indicated. At the completion of
eadt task subjects weretold to notify the experimerter sothat the nd and replace
interface could be changed.

Subjects could ask for and receiwe clari cation on tasks, but questionsregarding
the functionality of the interface componerts or of the \How do | :::" variety were
ansvered with encouragemento try out what ewer they thought made senseor to
experimernt.

After the subjects completedall three tasksto their own satisfaction, they were
given a post test to judge their impressionsof the three interfacesthey had used.
Subjects were asked how well they trusted the systemto display usefulsetsof related
matches, and whether they felt they would use a cluster-based nd and replacein
their own tasksif it wasbuilt into their favorite word processor.

All tasks on the computer were monitored through the use of screencapture
software which captured all changeson the screen,including cursor movemern and

keystrokes.

4.2 Results

Number of errors were calculated by doing a strict comparisonusing the UNIX di
command between the subject completed documert and a documert where all the
nd and replacetaskswerecompletedperfectly. Errors included, but werenot limited

to, capitalization errors, missingtext, and addedtext.
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Interface Task
Conventional List Clustered M ! cluster ! labor !
Monday group labour
Time (sec) 251 ( = 158) | 262( = 101) | 134( = 83) | 262( = 157) | 236( = 127) | 161( = 84)
Error 60 ( = 118) | 9.8( = 10) | 44( = 104) | 351( = 260) | 15( = 10) 12( = 7.9)

Table 4.1: Mean and Standard Deviation ( ) of speedand accuracy of completed
tasks by interface and task.

Time to completetaskswas calculatedfrom the time the usermadeits rst move
toward starting the task (time of rst movemern of cursor), to time of last movemen
of the cursor.

Table 4.1 shows the basicperformancestatistics of subjects on the three interfaces
and taskstested. Four data points wereleft out of the speedcalculationsby interface
(one ead from convertional and list interfaces,and two from clusteredinterface) as
they were enormousoutliers (more than two standard deviations from mean). The
correspnding outliers were alsoremoved from the speedcalculations by tasks.

For time taken to completeead task by interface, using a one-wvay ANOVA, the
di erences between interfaceswere not signi cant with p > 0.80. Howewer if you
remove the enormousoutliers (the four occurrenceswhere the subject's completion
time was more than two standard deviations from mean), using a one-wvay ANOVA,
the results do becomesigni cant with p < .05. Userscompletedtheir tasksfaster on
the cluster-basednterface than on the other two interfaces.

For number of errors in completed documerts by interface, using a one-vay
ANOVA, the results were not signi cant with p > 0.60. None of the interfaceswere
signi cantly more accuratethan the others.

A glanceat the data appearsto indicate that accuracymight be more related to
the task. The M ! Monday task contained all the enormousoutliers and all but one
of the perfect scores.A summary of the number of errors by task is shavn in Table
4.1. Howe\er, theseresults using a one-wvay ANOVA were also not signi cant with p
> 0.06.

Using a correlation test, there was strong correlation betweenthe averageamourt

of time to completeead task and the number of errorsthe subject made(r = 0.73).
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The longerthe subject took to completethe task, the more errorsthey made. Further
investigation shoved that theseresults may be the result of the user's performance
on the standard nd and replaceinterface as the correlation between performance
time and accuracyfor the list (r = 0.18) and clustered(r = 0.16) interfaceswere not
signi cant.

The cluster-basednterface shaoved the fastestcompletiontimes and 2 of the slow-
est completiontimes. It alsoshaved someof the worst error rates. The list interface
showved the lowest averagenumber of errors and alsothe highestnumber of error free

completions(5).

4.2.1 Discussion

The results of the initial userstudy were not very promisingin terms of accuracy In
terms of speed, howeer, the user study shaved that userscan completetasks faster
using a cluster-basedinterface over a cornvertional interface. Also, during the user
study we discovered a number of issueswith the interface that may have confused
users. As a result, numerous changeswere made to increasefeedbak to the user
during a nd and replacetask. These changesinclude providing more feedba& as
to what was selectablein the interface sud as nodesin the tree by highlighting the
node whenthe userplacedthe mouseover it. Preservingthe caseof replacedtext in
the replacemen text wasadded. For exampleif the user's nd query returned \The"

and was replacedby \some", the result in the document would be \Some".
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Chapter 5

Conclusion

It is very di cult to descrike clusters. Throughout the userstudies,| discoreredthat
usersseldomfound a description of a cluster useful. Often it made their progress
slower as they had to read ewery description, processit, and ched& whether or not
their translation of the description matched their own idea for the pattern they were
trying to match. Someuserswould look through the descriptions for certain key
terms they had in mind and be lost if they couldn't nd them. Ultimately, it is
dicult to predict how humanswill classifythings. Every personwill have their own
internal description of a pattern. Writing an algorithm that can predict exactly how
that personwould describe a group is almost impossible. The next best solution for
creating a written description of a group is to shav examplesof the group. If people
have di erent descriptionsfor the samepatterns, the bestthing would be to let them
make up their own descriptionsbasedon what they can perceiwe.

Represetation of clusterscanalsobedi cult. Without clearseparationsbetween
clusters, usersrun the risk of unintentionally selectingmore than one cluster to in-
teract with. Other cluster-basedinterfaceswill needto take this into accourt and
make the divisions between clusters very clear so that userswill notice when they
have switched clusters.

As the results of the userstudy werenot aspromisingas| had hoped, | have made
somechangesto the interface. | am in the processof starting a new user study, the

results of which will not be available for this paper, but should be available in the
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future.

5.1 Future Work

Another repetitiv e text-editing task that could bene t from a cluster-basednterface
might be spell-cheking. Convertional spell-chedkersrequirethat ead match be dealt
with individually. A cluster-basedapproad might group the misspelled words by text
stylization sothat code fragmerts, equations,and quotesenbeddedin the documert
can quickly be identied and ignored, while words that are actually misspelled can
be correctedappropriately.

Clustersmight not be intuitiv e to users.In the userstudies,if the userhad access
to the individual matches of the cluster, they seldom selectedthe entire cluster at
once. Instead they would quickly selectall the matchesin the cluster one-at-a-time.
Clustering's biggestadvantage appearsto be that usersare lesslikely to accidenally
replacea match they didn't intend to if it's locatedamonga number of other matches
they did meanto replace. Clustering the matchesmeansthat matchesare presened
sothat the usercanreplaceor selecta lot of matchesin a row, then not replacea lot
of matchesin a row. It would be interesting to test if usersuse clusters as separate

groupsor as a sorted list.

5.2 Contributions
My cortributions to User Interfacereseart are asfollows:

Exploration of designalternativesfor a cluster-basednd and replace.

Evaluation and documertation of the results of these design alternatives on

users.

Implemertation of a designfor cluster-based nd and replacein a tree repre-

senation.
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Comparisonof a cluster-basednd and replaceinterface with corvertional nd
and replaceinterfacewhich found that clustering may not help in task accuracy

and speed,but more researt is required.
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