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Abstract

Designing a user interface with a consistent
visual designandtextual propertieswith current
generation GUI development tools is

cumbersome. SHERLOCK, a family of

consistency checking tools, has beesignedo

evaluatevisual designand textual propertiesof

interface,makethe GUI evaluation procesdess

arduousand aid usability testing. SHERLOCK

includesa dialog box summarytableto provide

a compact overview of visual properties of

hundreds of dialog boxes of the interface.
Terminology specific tools, like Interface
Concordance, Terminology Baskets and

Interface Speller have been developed.Button

specific tools including Button Concordance
and Button Layout Table have beencreatedto

detectvariant capitalization,distinct typefaces,
distinct colors, variant button sizes and

inconsistent button placements. This paper
describeghe design,softwarearchitecture and

the useof SHERLOCK.An experimentwith 60

subjectsto study the effects of inconsistent
interface terminology on user's performance
showed 10-25% speedup for consistent
interfaces. SHERLOCK was tested with four

commercial prototypes; the corresponding
outputs, analysis and feedback frdesignerof

these applications is presented.

Index Terms: Graphical user interfaces,
evaluationtools, consistencytextualandvisual
style, assessment tools, metrics.

1.0 Introduction & Previous
Research

Consistencyin User Interfacesfollows the secondlaw of
thermodynamicslf nothing is done, then entropy will

increasein the form of more and more inconsistencyin
your user interface
Jakob Nielsen

Graphical User Interface designis a complex
and challengingdiscipline. It should be user-
centeredNorman& Draper,1986)andrequires
iterative design,usability testing,andevaluation
(Shneiderman,1992). GUI programming in

recent years has become a major part of

softwaredevelopmentandis minimally 29% of

software development budgets (Rosenberg,
1989). Moreover,data analysishas shown that

the userinterfaceis 47-60%o0f the total lines of

applicationcode (Maclintyre, Estep& Sieburth,
1990) GUI designencompassemore than one
third of the software developmentcycle and

playsa majorrole in determiningthe quality of

a product. Applying proper human factors
techniquesincluding early completion of user
requirementsdefinitions, usability prototype
testing, and usability walkthroughs can

significantly reducethe cost of identifying and

resolvingusability problems,and can savetime

in software development (Karat 1992).

With the emergence of powerful GUI
developmenttools in the recent years, test
applicationscanbe createdn few weeks.These
interfacesmay embodyinconsistencief visual
design and textual propertieswhich can't be
detectedby these powerful currentgeneration
developmenttools. Such inconsistenciescan
have a subtle and negative impact on the
usability of the interface. Not only are more
guality control and GUI test procedures
required,but alsonewanalyticandmetric based
tools areneededfor the creationof cognitively
consistentinterfaceshaving a common “look
and feel”.



We worked closely with General Electric
Information Servicesto design and develop
task-independentmetrics to evaluate visual
designand textual propertiesof userinterfaces.
We developed a single tool with multiple
metricsto accomplishthis task. The complexity
of interpretingthe resultsof a single evaluation
tool led us tanodify our evaluationapproactby
constructing smaller tools, each of which
evaluatesa few designaspectsTogetherthese
tools evaluatednultiple designissuesforming
a family of consistency checking tools
(SHERLOCK). The reportsgeneratedoy these
mini-tools require less interpretation, thereby
expediting the quick evaluation processand
providing feedback to the designer. The
designer must then decide whether the
inconsistenciesdetected are relevant to the
particular application.

1.1 Consistency and Evaluation

Defining Consistency:Consistencyn designis
an important aspectto be consideredwhen

creating user interfaces and is supported by most

userinterfaceexperts.Shneidermar§1992) says
that the first golden rule of dialog designis

strive for consistencyNielsen (1989) saysthat

oneof the mostimportantaspectf usability is

consistencyn userinterfacesBut, expertshave
struggledto define exactly “what consistency
is?” and “how to identify good consistency?”.
Reisner(1990) statesthat consistencyis neither
a property of the systemnor the user, it is a

relation betweentwo languages,that of the

system,as a designerintendedit, and of the

competent user. Wolf (1989) says that

consistencymeansthat similar ~ user actions
lead to similar results. A consistent user
interface is an interface that maximizes the

numberof sharedrulesacrosstasks(Polson et

al., 1986). Therefore,consistencys a relational
conceptand can't be defined by itself. A user
interface is consistent or inconsistent with

respectto something,which may be within the

individual applicationor acrossa productfamily

or for all the applicationsunningon a particular
system.

Consistency across the application in those
component®f the userinterfacewhich require
human perception and cognitive mechanisms
like visual scanningJearningand remembering
is very important. Spatial organizationwhich
may include the organization of menus,
placement of frequently used widgets,
symmetry,and alignmentof widgetsis one of
those components. Other components may
include fonts, colors, common actions,
sequencegerms,units, layouts,typographyand
more within an application program.
Consistencyis naturally extendedto include
compatibility acrossapplication programsand
compatibility with paperor non-computer-based
system.The sequencedf pointing, selectingor
clicking should be the same throughout the
application (Smith et al, 1982) Consistency
facilitates positive transfer of skills from one
system to another leading to ease of use,
reducedraining time andimprovedretentionof
operatingproceduregNielsen, 1989; Polsonet
al, 1986).

Kellogg (1987) studied the impact of the

conceptual dimension of consistency by

prototyping a “consistent” version (common
look andfeel andconceptually consistentand

an “inconsistent” version (only common look

and feel ) of an interface.The results of the

study,which incorporateda variety of measures
like learning time, subjective satisfactionand

more, showed that the “consistent” interface
was betterthanthe “inconsistent”(consistenin

visual appearancandbehavioronly). Although

visual appearanceand behavior are very

importantaspectsof consistencythey needto

be combined with conceptual consistencyin

designing user interfaces.

GUI Guidelines & Task Analysis: The useof
guidelines has been identified as important
within the frameworkof a representatiof the
human-computer interface (HCI) by many
experts (Harrison & Thimbleby, 1985).
However most guidelines do not include
specificationsof consistencyor propertiesof a
consistent interface that produce positive
transfer of skills. Frederiksen, Grudin and



Laursen (1995) demonstrated through an
experimentthat a consistencyguideline, “The
direction in which the contentsof a window
movewhena mouseis usedwith a scrolling
arrow at the edge of the window”, which is
strongly endorsed by th&pple Humaninterface
Guidelines(1992), may leadto poor designfor
certain tasks. This study showed that
consistency guidelines should be applied

cautiously to be in harmony with the user's task.

According to Grudin (1989) interface
consistencys a largely unworkableconceptand
can sometimes work against good design.
Grudin explained that consistency can be
harmful with Printing a folder of a directory
example He consideredhe situationin which a
folder containingseveraldocumentss selected
andis followed by selectionof print operation
from the menu.The designquestionin this case
is: Whatshouldbe printedwhenthe operationis
executed?nformal user studiessuggestedhat
documentsin the folder should be printed.
However,systemarchitectsarguedthat a list of
documentswithin the folder should be printed.
A folderin this systemwasallist of pointersto
documents. Since in this case, printing a
document produced the contents of the
documentsand it was arguedthat printing a
folder should similarly producea copy of its
contentsi.e. list of documentsin the folder.
Although developersargued that consistency
which was basedon software architecturewas
important, the designwas rejectedin favor of
consistency within  system architecture.
Thereforewrong dimensionof consistencywas
chosen but was consistentwith what users
wanted. The bottom line is that the interface
should be consistentwith the user'stask and
fulfill the requirements of the targeted users.

GUI  Terminology:  Another important
componentof consistencyis terminology used
in the interface.Terminologyusedin interactive
dialogs for text editing can sometimes be
problematicfor the user (Long et al., 1983).
Inconsistenciesn low-level interactionscan be
frustrating,for exampleprogramsthat differ in
the namesof importantcommandge.g., “quit”

and “exit”) (Grudin, 1989). A study done by
Long, Hammond,Barnard and Morton (1983)
showed that users in most text edittagksrefer
first to objectsin the text or in the systemand
then perform actions on them, so the use of
proper terminology is an important factor in
interactive dialog design. Several issues
associatedwith the structuring of arguments
with a set of commands were examined
(Barnard et al., 1981) in three studies on
consistency and compatibility in human-
computerinteraction. One of the implications
of this study was that the users learned
positionally consistent systems more readily
when recurrent arguments were placed first.

Abbreviationsare constructedo reducetyping
and optimize the use of screenspace,but can
imposesignificantcognitive demandson a user
in a new application. To create internally
consistentdesign, one abbreviation algorithm
should be used (Grudin, 1989)

Tools for Consistent Design: An important
stepin GUI designwastakenby an Interactive
TransitionSystemgITS) project(Wiechaet al,

1989). The ITS approach was to generate
consistentinterfacesautomaticallyby the useof

executablestyle rules. ITS provided a set of

software tools to support four application
developmentoles:anapplicationexpert,a style

expert,an applicationprogrammerand a style

programmer.The ITS architecturedivided the

applicationinto threeparts,namely:application
functions, a dialog manager, and views

supporting user interfaces. This architecture
helped to create a consistentinterface for a

family of applicationsand to create multiple

consistentinterfacesfor a given application.
ITS supporteddesignersn generatingconsistent
interfacesbecauseit separatedhe application
from the interface and linked them using
executable style rules. ITS has generated
interfacesfor demonstrationapplications, but

has not been used to create real-world
applications.

Interface Evaluation Methods: Interface
evaluation is a difficult and cumbersome



process.andcan be performed using various
techniquesEvaluationof a softwareproduct's
user interface using four techniques,namely
heuristicevaluation usability testing,guidelines
and cognitive walk-throughs showed that each
hasadvantageanddisadvantagegleffrieset al,
1991) For instance, heuristic evaluation
identifiesmoreproblemsthanany othermethod,
but it requires Ul expertise and several
evaluators Similarly, usability testingidentifies
seriousand recurringproblems,but requiresul
expertiseand hasa high cost. The requirements
for thesepowerful methodswhich may include
availability of working prototypes,test users,
expert evaluators and time constraints are
hindrancesin applying these methods more
frequently. The studyalsoshowedthatusability
testing, a powerful and effective evaluation
method, is not good in evaluating design
consistenciesand missedconsistencyproblems
in its evaluation technique. Therefore,
consistencychecking tools are likely to be a
beneficial complement to usability testing.

Furthermore,usability testing works best for

smallerapplications.It is practically infeasible
to analyzeevery dialog box in an application
with hundredsof dialog boxeswith the current
evaluation methods. Finding anomalies or

differenceswhile reviewing hundredsof dialog

boxesis even hard for expert reviewers,who

may fail to detect some flaws and
inconsistencies. In  contrast, automated
evaluationtools canbe usedin early prototypes
(or late iterations) and can detect anomalies
across hundreds of dialog boxes. These
automated tools, in addition to detecting
anomalies, can make interfaces cleaner and
easier to use.

1.2 Evaluation Tools for Visual Design
and Textual Properties

Automatedtools for consistencycheckingare
meantto replacethe currentmanualconsistency
checkingprocesswhich is complex,expensive,
error prone, and time consuming.Thesetools
can be made independentof platform and
developmenenvironmentas visual and textual

propertiesof the interface are independentof
thesefactors.In developinga systemto evaluate
alphanumeridisplays,Tullis (1983)derivedsix
measures (Overall Density, Local Density,
Numberof Groups,Size of Groups,Numberof
Items, Layout Complexity) to describescreen
formats of spatial arrays of characters.These
measuresvere later incorporatednto a Display
Analysis Programto analyzedisplayson IBM
PC and PC-compatiblecomputersto developa
tool for objectively evaluatingthe usability of
any alphanumeric display format (Tullis,
1988a). This Display Analysis Program was
developedwith two systemscreatedspecifically
to testtheseprogramsand then testedwith the
displays of seven previous studies (Tullis,
1988Db).Theresultsindicatedthat given a setof
alternative screen formats to present some
alphanumerialata, this programcan accurately
predictthe relative searchtimes and subjective
ratingsfor the formats.“Number of groups”and
“Size of groups” were found to be the most
important display parametersin determining
search time.

Streveler and Wasserman (19@rpposechovel
visual metrics to quantitatively assessscreen
formats which have similarities with Tullis's

Display AnalysisProgram.They proposedhree
basic techniquesfor analyzing screenformats:
“boxing”, “hot-spot” and “alignment” analysis.
A balancemeasurewas also proposedoy them
which computedthe differences betweenthe
centerof massof the arrayof characterandthe
physical centerof the screen.Theseproposed
metrics were not applied to any system to

validate them. The applicability of Tullis's

complexity propositionwas later appliedto the
domain of interactive system design with

findings strongly supportingtheir applicability
(Coll & Wingertsman,1990). Choosingscreen
density as the measureof complexity, it was
found that Madd's Modified Discrepancy
Hypothesisin psychologyis applicableto user
interface design, i.e. users performance and
preferencefor screencomplexity follows a U-

shaped curve, with too little or too much
complexity  depressing preference and
performance.In other words, humans have
preferenceand affinity for mediumcomplexity.



Furthermore, Kim and Foley (1993) used
metrics as a constantfor the designspaceand
the layout style. They developeda tool which
generatedpotential design specificationsand
guidelinesfor the metrics.Effectivenesof their
metrics  has not yet been evaluated. The
evolution of GUIs with multiple typefaces,
colors, new kinds of widgets etc. meansthat
more analysisis requiredand new metricsneed
to be implemented.

The evolution of modern user interfaces,like

multimedia interfaces,has sparkedresearchin

automated evaluation based on visual

techniques. Vanderdonckt and Gillo (1994)

proposed five visual techniques (Physical,
Composition, Association and dissociation,
Ordering, Photographic techniques) which

identified more visual design propertiesthan

traditional balance,symmetry, and alignment.
Dynamic strategiesfor computer-aidedvisual

placemenbf interactionobjectson the basisof

localization, dimensioning and arrangement
have been introduced (Bodart et al.,

1994).These techniques of localization,
dimensioningand arrangementwere basedon

some of the visual techniques introducedby

Vanderdoncktand Gillo (1994). Mathematical
relationships were defined to improve the

practicability, the workability and the

applicability of the visual principles into a

systematic strategy, but specific metrics and

acceptanceranges were not tested. Visual

techniques introducedor multimedia layout

frames have only rarely been applied to

commercial applications.

Sears (1993, 1994) has developed a first
generatiortool (AIDE) usingautomatednetrics
for both design and evaluation using Layout
Appropriateness metrics. In  computing the
Layout Appropriatenesghe designerprovides
the set of widgets used in the interface, the
sequencef actionsto be performedby the user
and how frequentlyeachsequences used.The
appropriatenessf a given layout is computed
by weighing the cost of each sequenceof
actions by how frequently the sequenceis
performed. Layout Appropriatenessanbe used
to compare existing layouts and to generate

optimal layouts for the designer. AIDE has
demonstratedts effectivenessn analyzingand
redesigningdialog boxesin simple Macintosh
applicationsandalsodialog boxeswith complex
control panelsin NASA applicationsCurrently,
studiesare being done by Comberand Maltby
(1995) in assesingthe usefulnessof layout
complexity metric in evaluatingthe usability of
different screen designs. Mullet (1995)
developed a simple layogtid forming the basis
of a systematidayout programembodyinga set
of guidelines that make it easy to position
related controls consistently across dialogs.
Using this systematic re-structuring and
redesignapproachhe showedthat the GUI of
the “Authorware Professional”’, a leading
developmenttool for learning materialsin the
Macintosh and Windows environments,could
be easily redesignedo createa more coherent,
consistent and less crowded layout.

In order to help designers identify
inconsistencies before usability testing,
automatedonsistencycheckingtools havebeen
developed to evaluate visual design and
terminologyin userinterfaces(Shneidermaret
al., 1995; Mahajan & Shneiderman, 1995)

1.4 Scientific Experiments on Effects of
Interface Inconsistencies

Chimeraand Shneidermar(1993) performeda
controlled experimentto determinethe effects
of inconsistency on performance. This
experiment used two interactive computer
systemsat the National Library of Medicine
whichwere anoriginal inconsistenversionand
a revisedconsistentversion. Comparedto the
original version, the revised version had
consistenscreenlayoutsand colors plus useof
consistentask and domainorientedphrasedor
the description of menu items. The results
showedthat therewas a statistically significant
difference(p<.01)favoring the revisedinterface
for five out of twenty tasksand only one task
favored the original interface (p<.01). It was
concluded that the revised interface yielded
faster performanceand higher satisfactiondue



to how information was displayedwith respect
to location, wording and color choices.

Bajwa (1995) studied the effect of
inconsistenciedn color, location and size of
widgets (in this case buttons) on user's
performanceand subjectivesatisfaction.To test
the hypothesisthat inconsistencydeteriorates
performanceand subjective satisfaction, four
versions of a Billing System interface were
createdin Visual Basic. The original version
was consistent in accordance with most
windows applications.The other three versions
were made inconsistentwith respectto color,
location, or size, so that every inconsistent
version had about 33% of only one type of
inconsistencyThe experimentwas divided into
three phases namely inconsistentcolor versus
consisteninterface,inconsistentocationversus
consisteninterfaceandinconsistensize versus
consistentinterface. For every phase of the
experiment,subjectsused both the consistent
and inconsistent version with 50% of the
subjectsusing the inconsistentversionfirst and
the other50% usingthe consistentversionfirst.
With the participationof 60 subjectsthe results
of the experimentshowedthat inconsistencyin
color, location and size of objectssignificantly
effects user's performance by about 5%.
Although studieshave beendoneto checkthe
effectsof inconsistencies the interfacedesign
on user's performance,no experimentshave
been done for terminology inconsistencies
specifically.

2.0 Description of the Evaluation

Tools

2.1 Metrics Evaluation Using Canonical
Format: Thepresentesearchevolvedfrom the
concept of converting interface form files
generatedy Visual Basicinto canonicalformat
fles and feeding them as input to the
SHERLOCK. The canonical format is an
organizedsetof GUI objectdescriptionsThese
objectdescriptionsare enclosedn curly braces
and embrace interface visual design and
terminology information in a sequence of
attribute-valuepairs. The canonical format is
advantageousbecause of its lucidity and

extendibility. It can be easily modified to

include any new attributes encompassing
interface descriptioninformation in the form

files.

A translatorprogramwas developedio convert
the Visual Basic form files into the canonical
format. Anothertranslatorprogramwas created
to convertthe Visual C++ resourcdiles into the
canonicalformat and is currently being tested.
These canonical formats are platform
independentand may be created for other
interfacedevelopmentools like PowerBuilder,
Galaxy and XVT by writing a translator
program for those tools.

2.2 Evaluation Tools

Developmenif SHERLOCK is an extension
of previouswork (Shneidermaret al., 1995)in

which spatialand textual evaluationtools were
constructed.These tools have been modified

after evaluating sample applicationsand new
tools have beenintegrated with them into a

family of consistencycheckingtools leadingto

the evolution of SHERLOCK. Our focuswas
on evaluating only certain aspects of

consistencyin user interfaceswhich are task-
independentaind can be automated. One of the

task-independerfeaturesevaluateddy our tools

is visual designwhich includespropertiessuch
assizesof similar screensplacemenbof similar

items, screendensity, consistencyin margins,
screenbalanceand alignment. Consistencyin

other visual design properties such as fonts,

font-sizes, font-styles and background and
foreground colors has also been evaluated.
Finally our evaluation includes checking for

terminology inconsistencies, abbreviations,
variant capitalization and spelling errors.

Dialog Box Summary Table

The dialog box summarytable is a compact
overview of the visual designof dozensor
hundredsof dialog boxesof the interface.Each
row representsaa dialog box and each column
represents singlemetric. Typical usewould be
to scandown the columnslooking for extreme
values, spotting inconsistencies, and
understanding patterns within the design.



Choosingthe appropriatemetrics set was the
mostimportantfactorin the designof the dialog
box summary table. The researchersat the
University of Maryland generateda list of
approximately 40 metrics which were
constructed after reviewing the relevant
previousliterature, consulting with colleagues
and using their GUI evaluationexperience A
similar effort wastakenon the GE side, where
they brain-stormedand proposedtheir metric
set based on their commercial software
development experience. The two lists had
many similar items and the lists were grouped
into categoriesuchasspatiallayout, alignment,
clustering, cluttering, color usage, fonts,
attentiongetting, etc. The metric set has been
revisedseveraltimesafter evaluatinga seriesof
interfaces. The metrics that were ineffective
have been removed and others have been
redefinedand new metrics have beenadded.
The modified column set of the dialog box
summary table is explained below:

Aspect Ratio: The ratio of the height of a
dialog box to its width. Numbersin the range
0.5 thru 0.8 are desirable Dialogs that perform
similar functions should have the sameaspect
ratio.

Widget Totals: Countof all the widgetsandthe
top level widgets. Increasing difference
between all and top level counts indicates
greatemestingof widgets,suchasbuttons,lists
and combo boxes inside containers.
Non-Widget Area: Theratio of the non-widget
areato thetotal areaof the dialog, expresseds
a percentageNumberscloserto 100 indicate
high utilization, andlow numberg<30) indicate
possibilities for redesign.

Widget Density: The number of top-level
widgetsdivided by the total areaof the dialog
box (multiplied by 100,000 to normalize it).
High numbers greaterthan 100 indicatethat a
comparatively large number of widgets are
presentin a small area. This numberis a
measureof the 'crowding' of widgets in the
dialog box.

Margins: The number of pixels betweenthe
dialog box borderand the closestwidget. The
left, right, top andbottommarginsshouldall be

approximatelyequal to eachotherin a dialog
box, and across different dialog boxes.
Gridedness: Gridednessis a measure of
alignment of widgets. This metric has been
refinedseveraltimes,but we havenot beenable
to find a perfect metric to detect misaligned
widgets. X-Gridednesscounts the number of
stacksof widgetswith the sameX coordinates
(excluding labels). Similarly Y-Gridedness
countsthe numberof stacksof the widgetswith
the sameY coordinates.High values of X-
Gridedness and Y-Gridedness indicate the
possibility of misalignedwidgets.An extension
of Gridednesss Button Gridednesswvherethe
above metrics are applied to button widgets.

Fig. 1 showshow the Gridednessnetric works.

The dialog box on the right half of tfigure has
all the threebuttons(OK, No and Cancel)with

the sameY-coordinatesso the Y-Gridednessn

buttonsis 1 and X-Gridednessn buttonsis 0.

Ontheotherhandthe dialog box on the left half

of the figure has a misaligned Cancel button

from the OK and No buttonswhich have the

sameY-coordinate.Thus,the Cancelbuttonhas
a different Y-value forming a different stack,
this misalignment introduces a new statkoth

X andY directionincreasingthe Y-Gridedness
to 2 and X-Gridednesdo 1. So everytime there
is amisalignedbuttonthe X- andY-Gridedness
values are increased by 1.

Area Balances: A measureof how evenly
widgets are spreadout over the dialog box.

There are two measuresa horizontal balance,
which is theratio of the total widgetareain the

left half of the dialog box to the total widget

areain the right half of the dialog box; andthe

vertical balancewhich usestop areadivided by

bottom area.High valuesof balancesbetween
4.0 and 10.0 indicate screensare not well

balanced.The limiting value 10.0 representsa

blank or almost blank (faexample a dialogbox

that has only one widget which is a button)

dialog box.

Distinct Typefaces Typefaceconsistsof afont,

font size, bold and italics information. Each
distinct typeface in all the dialog boxes is

randomlyassignedan integerto facilitate quick

interpretation.



Button Gridedness

= Logging in Left Seat ... ME

Name : 333:3| |IZZZ

X-Gridedness = 1
Y-Gridedness = 2

X-Gridedness =0
Y-Gridedness =1

Fig. 1. Working of Button Gridedness

For eachdialogbox all the integersrepresenting
the distinct typefacesare listed so that the
typefaceinconsistenciexan be easily spotted
locally within each dialog box and globally
amongall the dialog boxes.The ideais that a
smallnumberof typefaceshouldbe usedfor all
the dialog boxes.

Distinct Background Colors: All the distinct
backgroundolors(RGB values)in a dialogbox
are displayed.Each distinct color is randomly
assigned to an integer for display and
comparison convenienceand is describedin
detailatthe endof thetable.The purposeof this
metric is to checkif all the dialog boxeshave
consistent background colors. Multiple
backgroundcolorsin a dialog box may indicate
inconsistency.

Distinct Foreground Colors: Similar to distinct
background colors, displays all the distinct
foregroundcolorsin a dialog box. The purpose
of this metricis to checkif all the dialog boxes
have consistent foreground colors.

Margin Analyzer

Margin analyzeris an extensionof the dialog
box summary table's margins metric. This
analyzer calculates the most frequently
occurring valuesof left, right, top and bottom
margins across the interface and then lists
margins in every dialog box which are
inconsistent with these frequently occurring
values.It also calculates what widgets of the
dialog box needto be moved by how many
pixels to make the margins consistent. The
Margin analyzertool dependson the fact that
the mostfrequentlyoccurringvalue of margins
are the optimum margin values which the
designer would have ideally used for
consistency.

Concordance

The concordancéool extractsall the wordsthat

appearin everydialog box and helpsdesigners
with appropriateword use such as spelling,



abbreviation, tense consistency, case
consistency, passive/active voice  etc.
Occurrencesof words in a different caseare
preservedas unigue occurrence®f wordsin a
sortedlist to point out the useof different case.
The sortorderusedwasaAbB...zZso that the
occurrenceof “cancel” is not separatedirom
“Cancel” or “CANCEL". The concordanceool
hasbeenbrokendown furtherto extractspecific
informationrelatedto spelling,abbreviationand
case consistency to expedite the quick
evaluation process.

Interface Concordance

The interface concordancetool checks for
variant capitalization for all the terms that
appearin buttons,labels, menus,etc. in every
dialog box of the interface. This tool outputs
stringswhich havevariantcapitalization listing
all the variant formats of the string and its
dialog box sources. Thesevariant forms are
spelling differencesand may be acceptablebut
they may be something that should be
reconsidered. For example the words
“MESSAGES”, “messages”,“Messages” and
“mesgs” are variant capitalizationforms of the
same word.

Button Concordance

As buttonsare one of the mostfrequentlyused
widgetsperformingvital functionslike “Save”,
“Open”, “Delete”, “Exit” etc., checking
consistencyin their size, placementtypefaces,
colorsand caseusagebecomegnoreimportant.
This tool outputsall the buttonsusedin the
interface listing the dialog boxescontainingthe
buttonsplus fonts, colors and button sizes.The
button  concordance identifies  variant
capitalization, distinct typefaces, distinct

foreground colors and variant sizes in buttons.

Button Layout Table

Given a set of buttons that frequently occur
together(for example OK Cancel,Close,Help),
if the first button in the setis detectedin the
dialog box thenthe programoutputsthe height,
width and positionrelativeto the first button of
every button detectedin the list. The relative
position of every button detectedin the setis
outputas (x+ offset, y + offset) to the first

button, where offset is ipixels. Buttonsstacked
in rows would yield a (x + offset, y) relative
position and those stackedin columns would
yield (x, y + offset). The Button Layout table
identifies inconsistenciesn button placement,
inconsistenciesin button terminology and
variantbutton sizeslocally within a dialog box
and globally acrossall the dialog boxes.Some
of the sample button sets are:
¢ K Cancel Cose Exit Qit Help
e« Start Stop Halt Pause Cancel

Close Done End Exit Quit
e Add Renove Delete Copy dear
e Cancel Cose Exit

Interface Speller

InterfaceSpelleris a spell checkingtool which

readsall the termsusedin widgetsthroughout
the interface and outputs terms that are not

found in the dictionary. The spell checking
operationis performedwithin the codeand all

the possiblemisspelledwords are storedin a

file. Thisfile canbereviewedby the designetto

detect possible misspelled and abbreviated
words which may create confusion for end
users. The output is filtered through a file

containing valid computer terms and default
Visual Basic terms that may be flagged as
spelling errors by the dictionary.

Terminology Baskets
A terminology basket is a collection of
computerterms including their different tense
formats which may be inadvertently used as
synonymgby theinterfacedesignersOur goalis
to construct different sets of terminology
baskets by constructing our own computer
thesaurusand then searchfor thesebasketsin
every dialog box of the interface.The purpose
of terminology basketsis to provide interface
designers with feedback on misleading
synonymous computer terms, like “Close”,
“Cancel”, “"End”, “Exit", “Terminate”, “Quit".
The programreadsan ASCII file containingthe
basketlist. For eachbasketall the dialog boxes
containingany of the basketterms are output.
Some of the idiosyncratic baskets are:
¢« Renbve Renpbves Renobved Renoving

Delete Deletes Deleted Deleting

Clear Cears Cleared Cearing

Purge Purges Purged Purging Cancel



Cancel s Canceled Canceling Refresh

Ref r eshed

e |Item Itenms Entry Entries Record
Records Segnent Segnments Segnented
Segnenting Field Fields

e Message Messages Note Notes Letter

Letters Conment Comrents

3.0 Interface Evaluations

3.1 Testing the Evaluation Tools

The effectivenessof SHERLOCK tools has
beendeterminedby evaluatingfour commercial
prototype applicationsdevelopedin Microsoft
Visual Basic.Theseapplicationsncludeda 139
and 30 dialog box GE Electronic Data
Interchangelnterface,a 75 dialog box Italian
BusinessApplication,and a setof University of
Maryland AT&T Teaching Theater Interfaces
combined together into an 80 dialog box
application.The analysisof the Italian Business
Application is not discussedin this paper
because its results detected inconsistencies
similar to the other applications.

3.2 Evaluation Results, GE Interfaces
The 139 dialog box GE Electronic Data
Interchangelnterface was the first prototype
evaluated.Although this was a well-reviewed
and polished design, SHERLOCK detected
someinconsistenciesvhich may haveotherwise
beenleft undetected Another small 30 dialog
box GE interface was evaluatedwhich also
revealed inconsistencies.

Dialog Box Summary Table Analysis
AspectRatio: AspectRatio variedfrom 0.32to
1.00 and some dialog boxeswhich performed
the samefunctionality haddifferentaspectatio,
which was an inconsistency.

Non-widget Area: Non-Widget Area varied
from 2% to 97.5%.Somedialog boxeswith low
Non-widgetarea(5% to 15%) were candidates
for redesign.

Widget Density: Widget Density varied from
14to0 271, but mostof the high valuesweredue
to exceptions ithe metric,asnoneof thedialog
boxes had too many widgets in a small area.
Margins: Left, right, top and bottom margins
wereinconsistentvithin a singledialogbox and
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were also inconsistentacrossthe interface.For
example,the averagevalue of the left margin
was 12 pixels, but the margin value ranged
across the interface from 0 to 80 pixels.
Gridedness: Some high values of the Button
Gridedness (3 or more) metric helped in
detecting dialog boxes with misaligned buttons.
Area Balances: Dialog boxes were well
balancedas the averagevalue of Left/Right
Balanceand Top/Bottom Balancewas 1.1 and
1.4 respectively.

Distinct Typefaces: Although most of the
dialog boxesuseda single typeface(MS Sans
Serif 8.25 Bold), there were a couple which
usedmorethanthreetypefacesAltogetherseven
distinct typefaces were used.

Distinct Background & Foreground Colors:
Therewasmuchvariationin color usageamong
differentdialog boxes,indicatinginconsistency.
The interfaceuseda total of eight foreground
and seven background colors (RGB Values).

Margin Analyzer

The margin analyzersuccessfullydetectedthe
dialog boxes which had margin values more
than two pixels apartfrom the most frequently
occurring value in both the applications.For
eachinconsistenvalue,it listedthe widgetsthat
needto be movedand by how many pixels to
alleviate the inconsistency.In the caseof the
smaller application, the margin values were
highly inconsistent, since most frequently
occurring margin values had a maximum
envelopeof six to eight dialog boxes, making
the other values inconsistent. These results
showed that the design didn't adhereto any
conceptof consistenmargins.Thereweresome
exceptions in Visual Basic (Visual Basic
allowing widgets to extend beyond the area
enclosedy the dialog box andsize of labeland
text boxes being greater than size of text
enclosedby them) beyondthe capability of the
tool to handle, leading to negative margins

Interface Concordance

The interface concordance tool spotted the terms

that used more than one case across the
application. For example, terms like
“Messages”, “MESSAGES” and “messages”



weredetectedy theinterfaceconcordancéool.
Some of the other inconsistenciesincluded
termslike “ltem”, “item” and “ltem”, “Open”,
“OPEN" and “open”.

Button Concordance

GE Interfacesdid not have any button labels
which usedmore than one case.All the button
labels usedthe title format and were therefore
consistentAlso, all the buttonsusedthe same
typeface and foreground color. Button
Concordancedetectedinconsistencyin height
and width of the buttons acrossthe interface.
The table below showsa portion of the button

BUTTON DI ALOG BUTTON BUTTON

LABEL BOX TYPEFACE FG_COLOR

Archi ve xref.cft 1 1
file.cft 1 1
file2.cft 1 1
filefind. cft 1 1
hol d. cft 1 1
in. cft 1 1
out.cft 1 1
sent.cft 1 1

DI STI NCT TYPEFACES | N BUTTONS:

1 = M5 Sans Serif 8.25 Bold No Label
DI STI NCT FOREGROUND COLORS | N BUTTONS:
1 = Default Col or

Interface Speller

The tool detectedfew misspelledterms, but
many potentially confusing incomplete and
abbreviatedwords such as “Apps”, “Trans”,
“Ins” , “Oprs” were found in both the
applications.

Terminology Baskets
The basketbrowser revealedsome interesting
terminologyanomaliesafter analyzingthe large

concordanceoutput for the “Archive” button.
Browsing acrossthe columnsof the table, we
can seethat the width of the “Archive” button
varies between 65 and 105 pixels. All the
buttonshavea top marginof O pixels exceptone
(file.find.cft) which hasa top margin of 312
pixels. This is an inconsistency,since all the
“Archive” buttons are placed at the top right
corner of the dialog box exceptone which is
placed at the bottom right corner. Button
placement inconsistencieswere detected in
many other buttonsincluding “OK”, “Cancel”,
“Close”, “Find”, “Forward”, and “Print”

BUTTON BUTTON POSI TI ON
(H, W LEFT RIGHT TOP
25,105 208 311 0
25, 89 448 87 0
25,73 360 72 0
25,73 408 142 312
25, 65 320 55 0
25, 81 464 79 0
25,73 304 55 0
25, 81 344 78 0

reconsideratiorof the design.As shownbelow
terms like “record”, “segment”, “field” and
“item” were usedin similar contextin different
dialog boxes. Other interestinginconsistencies
includedthe useof “start”, “execute”and“run”
for identical tasksin different dialog boxes.
Also, the small 30 dialog box interface had
terminologyinconsistenciessuchas usingthe

terms like “Show”, “View”, and “Display” to

perform similar tasks.

Segnent i ng,

I'tem zi ng,
Segnent s

reconly. cft
sendrec. cft
wast edef . cft

Itemnms

130 dialog box interface that led to
Basket: Entries, Entry, Field, Fields, Item Itenized,
Record, Records, Segment, Segnented ,

BASKET TERM FORM CONTAI NI NG THE BASKET TERM

Field search. cft

Itens reconly. cft reconly. cft
reconly. cft sendrec. cft
sendrec. cft sendrec. cft

Record ffadm cft profile.cft

Segnent addr. cft search. cft
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Button Layout Table

The most common button positional and
terminologyinconsistencywasin the button set
[OK CancelCloseExit Help], the button labels
“Cancel”, “Close” and “Exit” were used
interchangeablySometimeghesebuttonswere
stackedn acolumnon thetop left cornerof the
dialog box andin othercaseghey were stacked
in a row at the bottom of the dialog box and
were either left, right or center aligned.

Output of the button detectorset (OK Cancel
Close Exit Quit Help) testedwith the small 30
dialog box GE applicationis shown below.
Inconsistency in height and relative button
positionswithin a buttonset canbe checkedoy
moving across the rows of the table.
Inconsistencyn heightandrelative positionfor

a particular button can be spotted by moving
down the columns.For example,browsing the
“OK” buttoncolumnwe foundthatthe heightof
the “OK” button varied between22 and 26
pixels and the width varied between62 and 82
pixels. Also, scanningacrossthe rows, we
found that the relative position between“OK”

and “Cancel” buttons varied in all the three
dialogboxesin which they occurredtogether.n
the dialog boxes“nbatch.cft” and “systinp.cft”
the “Cancel” buttonwas20 pixelsand 13 pixels
below the “OK” button, but in the dialog box
“admprof.cft” the buttonsoccurrednextto each
otherin the samerow. Also, both the buttons
“Cancel” and “Exit” were usedwith the “OK”

button essentiallyto perform the sametask.
This is a terminology inconsistency.

DI ALOG BOX (0.4 Cancel

(H W (H'W Rel. Pos.
adnprof . cft 22,68 22,68 x+16, y
checkpsw. cft 25,82
nbat ch. cft 25,62 25,62 x-1, y+20
systinp.cft 26,72 26,72 x+1, y+13

3.3 Evaluation of University of Maryland

Interface

The 80 dialog box University of Maryland
AT&T  Teaching Theater Interface was a
combination of different applications all

designedfor the studentsto use. Evaluationof
this interface highlighted the intra-application
inconsistencies that may exist among
applications designed for the same user.

Dialog Box Summary Table Analysis

A portion of the dialog box summarytable is
shown in Fig. 3.

Aspect Ratio: AspectRatio, in generalvaried
between0.5 and 0.8. Therewere a few dialog
boxeswhose Aspect Ratio were on the lower
side, (left_or_right.cft, ratefrm2.cft and
zoom.frm.cft)anda few had a high aspectratio
of 0.9 or more. (aboutl.frm.cft,about2.frm.cft,
delete.frm.cftand notice.frm.cft).All the About
(Fig. 2), Cover and Exit dialog boxes had
different aspectratios. Although most of these
dialog boxesbelongto a different application,

25, 82
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22,68
25, 82
25,62
25,73

x+98, y
x+116, y+1
X, y+66
X+2, y+48

X+18, vy

theseapplicationshave been designedfor the
sameset of usersand theseinconsistenciesn
Aspect Ratio, especiallyin the dialog boxes
with the same functionality, should not exist.
Widget Totals: Somedialog boxeshad a high
value of widget totalsi.e. 70 or more widgets.
This may indicate complexity in the dialog box.
Non-Widget Area: High valuesof Non-Widget
area (above 90%) were found in some of the
dialog  boxes including  main.frm.cft,
syllabus.frm.cftydmdi3.frm.cft,winstat.frm.cft.
This indicatesthat the use of screenspacemay
not be optimum in the above cases.Dialog
boxes filelist.frm.cft, winchat8.frm.cft and
zoom.frm.cft had low Non-widget areas.
Widget Density: High valuesof widget density
(around 150 or more) in the dialog boxeslike
ibm_az.frm.cft, rate.frm.cft and seat_uaz.frm
may indicatethat too manywidgetsare present
in a small area.Thosedialog boxeswhich had
high widgetdensity,but had Non-widgetareaof
40% or more may be acceptable.



= About Caprina

Caprina

AT&T Teaching Theater

University of Mamyland

Author: C. 5. Chang
Concept developed by
Walt Gilbert
May 26, 1993
June 7. 1993
Sept. 11. 1993

Ahout2.frm = 0.99

About MultiChat - ||~

Author: C. 5. Chang
Crystal Chu
Ji-Tsung
April. 14 1993
June 4, 1993
Hov 2, 1993
Dec 20, 1993
Feb 25, 1994

© @ 11993 University of Maryland. All right Reserved.

About Class Directo

Teaching Technologies

Clazs Directory Application

Yersion 2.0

Abouthox.frm = 0.68

New One Minute Paper

New One Minute Paper

Developed by ¥Y.Yoo and W. Gilbert

About_m.frm=1.5

About_n.frm = .84

Fig. 2. Aspect Ratio Inconsistencies

Margins: Left marginsvaried from 0 to 192
pixels, although the most frequently used
marginvalueswere between 8 to 16 pixels. A
guarter of the dialog boxes had left margin
valuesof 0 pixels and a few had high values
above70 pixels. Right marginsvariedfrom 0 to
381 pixels. In some caseshigh values of the
right marginswere not a problem,like the case
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when the dialog box only had labels and
buttonswhich arein generalcenteraligned.Top

marginvariedfrom 0 to 56 pixelsandwasmore
consistenthanleft andright margins.Similarly,

bottom marginswere more consistentthan left

andright marginswith valuesclusteredbetween
8 and 30 pixels.



No. Dial og Aspect - W DGET- -
Nane Ratio  TOTALS
(HW Al Top-
Level
30 fornB.cft 0.74 19 13
31 frnconpaz.cft 0.79 5 4
32 frnconpu.cft 0.79 5 4
33 frmhand. cft 0. 48 6 5
34 frmogin.cft 0.85 8 7
35 frm ogo. cft 0.38 9 8
36 frmmatch.cft 0.50 7 6
37 frmguesaz. cft 0.42 6 5
38 frnguesu.cft 0.45 6 5
39 graph. cft 0.55 14 4
40 grid3.cft 0. 89 5 4
Maxi mum 1.60 102 101
M ni mum 0.13 0 0
Aver age 0.73 14 9
DI STI NCT TYPEFACES:
Arial 13.5 Bold
Synbol 9.75 Bol d
Arial 8.25 Bold

M5 Sans Serif 8.25 Bo
System 9. 75 Bol d
Arial 15.75 Bold

M5 Sans Serif 9.75 Bo
M5 Sans Serif 16.5 Bo
M5 Sans Serif 12 Bold
0 =MS Sans Serif 13.5

POO~NOUORWNE

Id

Id
Id

DI STI NCT BACKGROUND COLORS:

frffff
ffffffff80000005
c0c0cO

ff

eOf fff

10 =c00000

12 404040

14 =ffffffff8000000f

OO UIN
o n

Non-
W dget
Area
88.7
67.5
67.5
67.
77.
18.
70.
75.
73.
57.

g o © o O W Fr O

42.

100.0
57.5

17
69
69
31
64

43
61
74

60

276
29

W dget  ----- MARGI NS

Density Left Ri ght Top Bottom

wi dget / (pi xel s)

area
69 0 381 0
11 104 97 56
11 104 101 56
33 32 31 32
25 96 96 40
25 0 223 0
60 16 50 24
25 56 54 48
23 72 14 48
22 0 0 0
23 21 15 13
184 192 381 56
0 0 0 0

48 19 52 11

11 = Synbol 13.5 Bold

12 = Ms Sans Serif 24 Bold Italic

13 = Ms Sans Serif 13.5 Bold

14 = M5 Sans Serif 18

15 = Ms Serif 30 Bold

16 = Arial 18 Bold

17 = Synbol 8.25 Bold

18 = Times New Roman 24 Bold

19 = Times New Roman 30 Bold

DI STI NCT FOREGROUND COLORS:

O~NOB_WN

10
11

80000005
80000008

— =
— =
— =
— =
— =
— =
— =

c000c0
=c00000
=ffff

13 =808080
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Fig. 3. A Portion of Dialog Box Summary Table

Di stinct
Typef aces



Gridedness: Most dialog boxes had well
alignedwidgets,with low X-Gridednessand Y-
Gridednessralues(1 or 2). Somedialog boxes
which had high values of Gridedness(4 or
more) like picture3d.frm, ratefrm2.frm,
seat_uaz.frmtopic.frm, tgmain.frm,winstat.frm
required minor alignment changes.A small
number of dialog boxes like cover.frm,
gmain3.frm, mulg.frm, omp.frm had higher
values of Button Gridedness due to
misalignment of buttons by a few pixels.
Area Balances:Dialog boxeslike dynaset.frm,
dyngrid.frm, form9.frm and winstat.frm had
high balancevaluesindicatingthatthey may not
have well balanced screens.

Distinct Typefaces: In total 19 distinct
typefaceswere usedwhich is very high. This
shows that different designers worked on
different applications without following any
guidelines. It is recommended that the
applicationsshouldbe modified to decreas¢he
useof too many typefaces.Someof the dialog
boxesthat usedfour or moredifferenttypefaces
are about.frm, cover.frm, coveraf.frm,
coveruf.frm and frmlogo.frm.

Distinct Background Colors: This application
uses 8 background colors. This may be
attributedto the fact that different dialog boxes
had different styles whicmeansspecificgroups

of designersworked on particularapplications.
Distinct Foreground Colors: Altogether the
application used 15 different colors (both
background and foreground). The number of
foreground colors used was 10 which is high.

Interface Concordance
Therearea few termswhich useddifferentcase
across the application like Cancel, cancel,
CANCEL, Delete, DELETE and more.
Designers need to check whether these are
inconsistencies or not.

Button Concordance

The following are the inconsistenciesletected

by the Button Concordance Tool:

» Designersused six distinct typefacesin
Button Labels which is inconsistent. A
singletypefaceshouldbe usedfor all button
labels.

» Designer used three distinct foreground
colorsin buttonlabelswhich is inconsistent.

Like the typefaces, a single foreground color

should be used for all the button labels.

BUTTON DI ALOG BUTTON BUTTON BUTTON BUTTON PCsI TI ON

LABEL BOX TYPEFACE FG COOR (H, W LEFT RIGHT TOP

Exi t attapp94. cft 1 2 56, 120 464 56 240
cover. cft 2 2 57, 153 680 182 536
coveraf.cft 3 2 41, 89 448 0 392
coveruf. cft 3 2 41, 89 448 85 392
frmhand. cft 4 3 49, 105 384 31 136
frm ogin.cft 4 3 41, 97 248 96 256
wi nstat.cft 6 1 49, 113 368 70 424

EXIT del ete. cft 1 1 41, 97 280 45 352
syl I abus. cft 1 1 33, 137 856 7 512

Left SAVE feed. cft 5 2 33,81 272 647 448

Left Save onp. cft 5 3 33,97 112 796 456

Right SAVE feed.cft 5 2 33, 89 648 263 448

Ri ght Save onp. cft 5 3 33,97 544 364 456

SAVE Left mul g. cft 5 2 33,97 256 653 488

SAVE Ri ght mul g. cft 5 2 33,97 504 405 488

DI STI NCT TYPEFACES | N BUTTONS: DI STI NCT FOREGROUND COLORS | N BUTTONS

1 = M5 Sans Serif 8.25 Bold 1 = Default Color

2 = M5 Sans Serif 18 2 = ffffffff80000005

3 = M5 Sans Serif 13.5 3=0

4 = M5 Sans Serif 12 Bold 4 = 0000

5 = M5 Sans Serif 9.75 Bold

6 = M5 Serif 12 Bold
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= Find Record v |~

cOpsList

LCancel

grid3.frm

Please select a group:

Open Quiz File

1 bitmaps
T edk
Clhe
0

icons

|=le: [GATEWAY1]

cpensav. frm

g[:lick on the quiz you wizh to edit:

Create New Quiz

listque2. frm

Cancel I

list2.frm

Fig. 4. Button placement inconsistencies in OK and Cancel buttons.

Button sizes are inconsistent across the
application.For example,the height of the
“Cancel” button varies between24 and 49
pixels andwidth variesbetweens7 and 122
pixels. Other buttons that have
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inconsistenciesin button sizes include

“OK”, “Done”, “Exit", “No”, “Previous”
and “Start” and more.
Buttons like “OK”, “Cancel”, “Done”,

“Exit”, “ No” useddifferent caseacrossthe



applicationwhich is aninconsistencyAlso,
the designersusedthe button labels “Save
Left” and “Save Right” in some dialog
boxesand“Left Save”and“Right Save”in
others which is an inconsistency.

* The button positionsmetric detectedmany
inconsistenciesFor example,the “Cancel”
button hada different right button position
for every dialog box. In the caseof the
“Close” button, the left position was 8
pixels in two dialog boxesand was 291 in
the third, indicating that the “Close” button
is left aligned in the first caseand right
aligned in the second case. Similar
inconsistencies existed in buttons like
“Done”, “Exit”, “OK” and more.

Interface Speller

The spell checking tool detected various
abbreviationsand a few misspelledterms. The
following were the spelling errors detected:
“qiz”, “veryfying”, “peronal” and “btrieve”.

Terminology Baskets

The output from the basket[Browse, Display,
Find, Retrieve, Search, Select, Show, View]

showsthat“Display”, “View” and“Show” have
all beenusedin this application. Also, both
“Find” and“Search” havebeenused.Similarly
the output from the basket [Cancel, Clear,
Delete, Purge,Refresh,Remove]indicatesthat
the terms “Cancel’, “Delete”, “Clear”,

“Refresh” and “Remove” were all usedin the
application. Designersneedto check whether
these are inconsistencies.

Button Layout Table:

The Button Layout Table revealed
inconsistenciesn button sizes and placement
within adialogbox andacrosshe interface.For

example, the button set [OK Cancel ... Exit

Help] revealed inconsistencies in tigesof the

“OK” “Cancel” and “Help” buttons.Also, the

"Cancel” and “Help” buttons were in some
casesplacednext to OK buttonsin a row and

othertimesstackedbelow the “OK” buttonin a

column,with the distancebetweerthesebuttons
varying from 0O to 40 pixels. Fig. 4 showsthe

dialog boxes in which button placement
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inconsistencieof “OK” and “Cancel” buttons
were detectedby the Button Layout Table and
Button Concordance Tool.

3.5 Conclusion

Evaluation of the four applications using
SHERLOCK{tools helpedusto determinethose
tools which were most successfuin detecting
inconsistencies and those that were less
successful.The dialog box summarytable had
limited successin detecting inconsistencies.
Only certainmetricsof the dialog box summary
table like Aspect Ratio, Margins, Distinct
Typefaces, Distinct Foreground and
BackgroundColors were successfulin finding
inconsistencies.Most of the extreme values
computed by thenetricslike Non-WidgetArea,
Widget Density and Area Balanceswere dueto
the limitations of SHERLOCK or the Visual
Basic developmenttool and were not real
inconsistencies.These metrics were modified
severalkimesto dealwith exceptionsandfurther
work is requiredto validate thesemetrics.The
Button Concordanceand the Button Layout
Table provedto be the most useful tools and
were able to detectinconsistenciesn the size,
position, typeface,color and terminology used
in buttons.The Interface Concordanceand the
Interface Speller tools were successful in
detecting terminology inconsistencies like
variantcapitalization abbreviationsandspelling
errors. The Terminology Baskettool helpedin
detecting misleading synonym terms in many
casesln summarySHERLOCK,wassuccessful
in detectingmajor terminology inconsistencies
and certain inconsistenciesn visual designof
the evaluated interfaces.

SHERLOCK is a collection of programsthat
require detailed knowledgeto use effectively.
Additional programming and a graphic user
interfacewould be necessaryo makeit viable
as a software engineeringtool. However, the
sourcecode and documentatiorthat exists are
available (http://www.cs.umd.edu/projects/hcil).

3.6 Limitations of SHERLOCK
SHERLOCK evaluationis limited to certain
visual design and terminology aspectsof the



interface.lssuedike efficiencyin screenlayout

including proper placementof widgetson the

dialog box, violationsof designconstraintsand

the use of inappropriatewidgets types are not

evaluatedby SHERLOCK. Other evaluation
methods,suchas usability testingand heuristic
evaluation, are neededto locate typical user
interfacedesignproblemssuchasinappropriate
metaphorsmissingfunctionality, chaoticscreen
layouts, unexpected sequencing of screens,
misleadingmenus excessivedemandon short-
term memory, poor error messages, or

inadequate help screens.

4.0 Feedback From Designers
Output from the tools and the screenshotsof
the interface along with the analyseswere
forwardedto the developersand designersto
elicit feedback.

4.1 GE Interfaces

We worked closely with the people at GE
Information Servicesto get feedbackon the
effectivenessof SHERLOCK tools, as these
tools were being iteratively refined. The
feedbackwas positive on the evaluationoutput
with suggestionsfor modifications at every
refinement stage.

The feedbacksuggestedhat the outputsof the
dialog box summarytable were simple for the
designersto interpret, as they were able to
detect inconsistenciesby scanning down the
columnsfor extremevalues,indicated by the
statistical analysisat the bottom of the table.
They recommendedthat we develop some
"goodness" measuresfor the metrics after
analyzing more applications. We have
succeededpartly in assigning measuresto
certain metrics after analyzing the four
applications. The detection of the use of
multiple typefacesand colorsby SHERLOCK
is one of the inconsistenciesthey otherwise
would have missed.Inconsistentmargins was
anotherdimensionthatwould havebeenslipped
throughtesting,if not detectecoy SHERLOCK.
Although, most of the dialog boxesin the GE
interface neither had a cluttered or crowded
layout, Non-Widget Area and Widget Density
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weretwo of the metricswhich the GE designers
agreedwereimportantin determiningthe layout
of the interface.

The incorporationof a spell checkingtool in
SHERLOCK had a positive responsegrom the
designers, since none of the current GUI

building environments on the PCs have a built in

spellchecker Separataletailedanalysisof each
metric of the dialog box summarytable was
recommendediy the designersfor the future
implementationsOne of the stepstakenin this

direction was the developmentof the Margin

Analyzer tool to indicate inconsistenciesin

margins and the way to rectify those
inconsistenciesAnother tool that had positive
results in detecting inconsistencieswas the
buttonconcordancé¢ool. The extremevariations
in button sizes detected by this tool that
included instanceswith no two same label
buttons having the same size across the
application, raised concernswithin GE design
team. The button typeface,size and placement
inconsistencies detected by the Button
Concordancetool were correctedby the GE

designers after reviewing the evaluations
performed by SHERLOCK.

Inconsistencied relative positioningof button
labelsand button terminology detectedby the
Button Layout table were modified by the GE
designersusing the output. Use of misleading
terminologywasanotherdimensionexploredby
the terminology baskettool which helped GE
designers in rectifying a few terminology
inconsistenciesvhich would have beenmissed
otherwise. Overall the use of SHERLOCK
helped to modify the layout, visibility and
terminologyof GE interfaceshy detectingmany
small inconsistencies.

4.2 University of Maryland Interface
Since this application was a combination of
varioussmall applicationsthe outputwasgiven
to two differentdesigngroupsto elicit a broader
spectrunof feedbackThefirst groupincluded
the developerf a portion of the interfaceand
the other was the designersresponsiblefor all
the applications together.



Developers' feedback on the dialog box
summarytable was positive for some metrics.
They showedinterestin the ability of the dialog
box summarytable to detectthe typefaceand
color inconsistenciesn their application.When
asked for a possible explanation of these
inconsistenciesthey explained that different
designersworked on different portions of the
application,with very few guidelineson visual
design. Similar reasonswere given for other
inconsistencieicluding different aspectratio's
for functionally similar screensand the use of
inconsistent margins.

Designerdiked the statisticalanalysisat the end
of the metric table with mean, maximum and
minimum values and wanted an additional
function that listed the optimum valuesfor the
metrics. Many of the terminology
inconsistenciesletectedby the Button Layout
Table and the Terminology Basket tool were
valid inconsistenciesvhich they will take into
consideration for the next version of the
application.

5.0 Software Design

SHERLOCK is a set of 7 user interface
consistency checking programs which were
implementedin about7000 lines of C++ code,
and developed on the SUN SPARC
Stations/UNIX platform. In orderto evaluatea
GraphicalUser Interfaceusing SHERLOCK its

interfacedescriptionfiles needto be converted
to a canoncialformat [see section2.1]. These
canonical format files are the only input
required by the SHERLOCK evaluationtools.
SHERLOCKwasdesignedo bea genericGUI

consistency and evaluation tool.

5.1 Translator and Canonical Format

Design

Translator programsare specifically designed
for a particular GUI developmenttool and
convertsits interface description(resourcefjle

to a canonicalformat.[seesection2.1]. Design
of the datastructurefor the translatordepends
ontheformatof theinterfaceresourcdile. Two

translatorswere created,one for Visual Basic
3.0 and the other for Visual C++ 4.0 using a
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lexical scanner generated by FLEX (Fast
Lexical AnalyzerGeneratorwhich is a tool for

generating programs that perform pattern
matching on text. Using the lexical scanner,
attribute value strings are detected and
convertedto the appropriateformat as defined
by the canonicalformat. All the dimensional
coordinatesare convertedto pixels and other
platform and application dependent values.

5.2 SHERLOCK Design

The family of consistencycheckingtools was
implementedusing different setsof classesin
the C++ programming language. The data
structure for these tools was designed in
accordancewith the canonical format input
files. The SHERLOCK data structure was
designed to be flexible, extensible and
customizableto changeghat may be madeby
expansion of the canonical format files.
SHERLOCK has a sequentialmodular design
and can be divided into the follwing subsystems.
* Widget Store Subsystem

» Dialog Box Subsystem

» String Processing Subsystem

» Spell Checker subsystem

» Button Processing Subsystem

6.0 Effects of Terminology
Inconsistencies on User's Performance
and Subjective Satisfaction

6.1 Introduction

An experiment was designed to test the
hypothesis that terminology inconsistencies
reduce performance speed and subjective
satisfaction The experiment consideredonly
one aspect of inconsistency, misleading
synonyms..We developeda GUI in Visual
Basicfor the studentsto accesgshe resources
of University’s CareerCenter.Three versions
of the interfacewere created the first one with
no terminology inconsistency. The second
version had a medium level of terminology
inconsistencyon averagepne inconsistencyn
terminology was introducedfor eachtask and
eachtaskhadan averageof four screens).The
third version had a high level of terminology



inconsistency(50% more inconsistentterms
than the medium inconsistent version). The

resultin g 2 X 3 experiment had two

independentvariables which were level of

expertise and the type of the interface (no

inconsistency medium level of inconsistency
and high level of inconsistency).The levels of

expertise were no prior training and five

minutesof training. For all the six phasesof

the experiment,userswere given the sametask
list and their task completion time and
subjectivesatisfactionwas evaluated. For each
treatmentlO subjectsvereselectedwith atotal

of 60 subjects for the whole experiment.The

results showedthat the user's performanceis

significantly  affected by  terminology
inconsistencies.

6.2 Interface Design

All the screensof the CareerCenterinterfaces

had a consistemisualdesign.Only terminology

inconsistenciesvere introducedin the medium
and high inconsistency version.

* In the medium inconsistencyversion, on
average one terminological inconsistency
was introduced for every task. Since the
subjectswere told to perform seventasks,
the interface had seven terminology
inconsistencies. These inconsistencies
includedchangingthe headingof the dialog
box from “Questions” to “Inquiries” or
changing the widget Ilabels from
“Workshops” to “Seminars”. Also, menu
items were changed from “Career
Counseling” to “Career Advising” and
“View” to “List”. Inconsistencyin button
labels were also introduced by changing
“OK” and “Abort” to “Forward” and
“Discard” in the case of a particular task.

* Inthehighinconsistencyersion,50% more
terminology inconsistencywas introduced
than the medium inconsistentversion. On
averagethe high inconsistencwersionhad
one or two terminologyinconsistencieper
task with a total of 11 terminology
inconsistencies. These inconsistencies
included changing the“*OK” button to
“Done”, “Return” or “Forward” depending
upon the task being performed and the
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“Abort” button to “Discard” ,"End” or
“Suspend”, and “View Interviews” to
“Interviews”. Inconsistenciefn menuitems
were introducedby changing“Workshops”
to “Seminars” plusnconsistencies widget
labelswereintroducedby changing‘Major”
to “Area”.

Hypothesis
The task completiontime for the interface
with no terminologyinconsistencywill be
significantly lower than the interfaceswith
medium and high levels of terminology
inconsistencyn the caseof subjectswith no
prior training of the system.

» The differencein task completiontime for
the interface with no, medium and high
levelsof terminologyinconsistenciesvould
decreasewhen subjects are given five
minutesof training with the system prior to
the execution of the tasks.

» The subjective satisfaction will be

significantly higherfor theinterfacewith no

terminology inconsistencyas comparedto
those with medium and high levels of
terminology inconsistency.

6.3

6.4 Subjects

A total of 60 subjects were used in the

experiment out of which 30 were given 5

minutes training on the no inconsistency
interface.The subjects chosenwere studentsat

the University of Maryland and were frequent
computerusersandwere comfortableusing the

mouse and Windows 3.1 operating system.

6.5 Materials

The experimentwasrun on a 100MHz Pentium
machinewith a 17" color monitorhavinga 1024
X 768 pixel resolutionwith 256 colors.A setof
instructionswas provided in writing and was
also explainedto the subjectsverbally before
beginning the experiment.The subjectswere
askedto fill out a modified version of the
Questionnairg(QUIS) (Chin et al, 1988) after
completing the experiment.



6.6 Task List

The subjectsperformedthe seventaskswhich
are:

* Register for Workshop |l

» Setappointmentvith any one of the career

counselor for Nov. 8 for 10:00 to 10:30 am.

* View Part-timejob openingsin Computer
Science Major in Maryland state.

* Submitthefollowing questionto the Career
Center:Do counselorsat the careercenter
perform mock interviews ?

* RequestGraduate School information for
Mastersprogramin BusinessManagement
in any one of the listed universities.

* Registerfor an interview with any one of
the listed companieson Nov. 20th using
any one of the open slots.

» Cancel Registration for Workshop II

6.7 Procedure

Administration: Subjectswere askedto read
the instructionsbefore starting the experiment
and to sign the consentform. All the subjects
were shown the different functionalitiesof the
interfaceby browsingthroughthe list of menu
items. The subjects who were trained were
shownthe functionality of all the dialog boxes
by openingeachof the menuitems. They were
also allowed taisetheinterfacefor two minutes
to experiencehe interface.The subjectsin the

version (no terminology inconsistency)of the
interfaceandthenweretestedusingappropriate
versions.

Grading: Task completiontimes for eachtask
were measuredusing an electronicstop watch
with an accuracyof 1/100th of a second.Any

time taken by the subjett askquestiongduring
the experimentvasexcludedfrom the total task
completiontime. Error rateswere observedto

facilitate the derivation of results, but no

measurement were done. The subjective
satisfaction questionnaire had 19 questions.

6.8 SHERLOCK Analysis

The terminology inconsistenciesn the Career
Center application can be detected by the
SHERLOCK Terminology Basketstool. These
basketswith userpredefinedsynonymtermsare
used to find misleading synonyms in the
application.For example shownbelow arethe
output of terminology basketstool using the
basket “Browse”, “Browsing”, “Query”,
“Search”and “Searching”when appliedon the
no and high inconsistency versions
respectively. Comparing the outputs for this
basketfor both versionswe find that the no
inconsistencyersionof the interfaceonly uses
the term “Search” and “Searching”, but in the
high inconsistency version terms “Browse”,
“Browsing” and “Query” were usedinsteadof
the term “Search” in various parts of the

- : . application.
training group were all trained using the same
Browse Br owsi ng Query Sear ch Sear chi ng
TERM DI ALOG BOXES CONTAI NI NG THE TERM
Browse
Br owsi ng
Query
Sear ch
coop. frmecft fulltinme.frmecft intern. frmecft
parttine.frmecft
Sear chi ng
coop. frmeceft fulltinme.frmecft intern. frmecft
parttine.frmecft
Br owse Br owsi ng Query Sear ch Sear chi ng
TERM DI ALOG BOXES CONTAI NI NG THE TERM
Browse coop. frmecft
Br owsi ng
parttime.frmcft
Query
parttime.frmcft
Search
fulltime.frmecft intern.frmecft
Sear chi ng

coop. frmecft

fulltine.frmecft

intern.frmecft
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Following are the other terminology baskets

used in detecting terminology inconsistencies:

Abort Discard End Exit Suspend
. Maj or Field Area Program

OK Done Apply Submt Send Forward
. Question, Questions, I nquiry, I nquiries
Counsel or, Counsel i ng, Advi sor, Advi si ng
. Wor kshop, Wor kshops, Sem nar, Semi nars

Level of Expertise No Inconsistenc Medium Inconsistency High Inconsistenc
- 0}

Without Training
With Training

239.0 sec. (61.0)
204.0 sec. (41.7)

287.4 sec (42.6)
217.4 sec (50.6)

312.7 sec (88.25)
270.7 sec (30.5)

Table 1. Average Task Completion Time and Standard Deviation
(10 subjects per cell & 7 tasks per subject)

6.9 Results

The experimentaftesultssummarizedn Table1
showsthat the no inconsistencyersion had a
faster averagetask completion time than the
mediumand high inconsistencyersions.Also,
the averagesubijective satisfactionratings for
thenoinconsistencyersionwashigherthanthe
mediumand the high inconsistencyersionsof
the interface. Overall, the performance
improvedwhentrainingwasadministeredo the
subjects,as the averagetask completiontime
was lower for all the three versions of the
interface when training was provided.

The2 X 3 ANOVA (Analysisof Variance)was
usedto determinewhetherthe interfacetypes
(versions) and the level of expertise have
statistically significant effects on the task
completion time and subjective satisfaction
measured across the three treatments(no,
medium and high level of terminology
inconsistency)and two training levels (with

prior training andwithout prior training). There
was a statistically significance difference for

task completiontime by expertise(F (1,54) =

12.38,p < 0.05)andinterfacetype (F (2,54) =

8.21, p < 0.05) but no interaction effect.This
implied that for the task completiontime, the

effect of the level of expertiseis not dependent
on the inconsistencylevel of the interface.
Therefore performanceof both the expertsand

novices reduceswith increasein terminology
inconsistencies. In  summary, terminology
inconsistencies decrease user's performance
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regardlesof the user'slevel of expertise.For
the subjective satisfaction, no statistically
significant effects.

6.10 Discussion

In relation to the task completion time, the
ANOVA identified that the terminology
inconsistencies introduced eachversionof the

interface significantly slowed the user's
performanceTheseeffectscanalsobe observed
in the task completiontime differencebetween
theaverage®f eachtreatmentin thetreatments
with no training the averagetask completion
time for the medium and high inconsistency
treatmentsvere20% and 30% morethanthe no

inconsistencytreatment.Similarly in the block

with training administered,the average task
completion time for medium and high

inconsistencytreatmentswere 7% and 34%

more than the no inconsistency treatment.

The level of expertise,accordingto ANOVA
significantly effectedthe user'sperformanceOn
average, the training decreased the task
completiontime by 14%, 24% and 13% in no,
medium and high inconsistency versions
respectively. Although  the  subjective
satisfactionratingsfor the mediumandthe high
inconsistencyversions were less than the no
inconsistency version, the ANOVA analysis
found no statistically significant results. It is
difficult to obtain statistically significant
differencesin preferencescoresfor between
groupsdesign,becausesubjectsdo not seethe



other versions.A future within subjectsstudy
might elicit stronger preference differences.

6.11 Conclusion

The resultsof this experiment,along with the
experimentdone by Bajwa (1995) supportthe
encouragemento “strive for consistency”and
including consistencyas one of the prime
guidelineswhendesigninguserinterfaces Also,
the terminology inconsistenciesntroduced in
the designof the experimentalinterfaceswere
detected by the SHERLOCK Terminology
Basket Tool, verifying the tool's capability.

7.0 Recommendations

7.1 Recommendations for the GUI
Application Developers:
The following guidelinesarerecommendedsa

step towards creating consistent interfaces:

+ Consistent Aspect Ratio especially for
dialog boxes having similar visual design
and functionality.

* Non-Widget Area (white space)should be
atleast20% of total areaenclosedby the
dialog box.

» Consistentarginswithin andacrossdialog
boxes.

* Widgetswithin a dialog box shouldbe both
horizontally and vertically aligned.

» Designwith too many widgetsin a small
area should be avoided.

» Consistentbackgroundcolors, foreground
colors and typefaces.

» Consistentlocation and size of frequently
used widget.

» Consistent terminology across dialog boxes

* Terminology in menu items should be
consistentwith the title of the dialog boxes
which they openand with the labelsof the
widgets contained in those dialog boxes.

» Button Labels should be consistentacross
the interface, for example synonymslike
“Abort”, “Cancel”, “Close” and “Exit”
should not be used for similar tasks.
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* Terminology shouldbe consistentvithin the
sequence of dialog boxes which are
connected through button clicks.

* In additionto theseconsistenciesvithin the
dialog boxes, the interface should be
consistentin terminology with the current
commercial applications running on that
system,but in accordancewith the user's
task domain.

7.2 Recommendationsfor DesignersLooking
for GUI Evaluation Metrics

* To evaluatescreencomplexity, use metrics
like Non-WidgetArea and Widget Density
of the dialog box summarytable. Explore
the use of other metrics for dialog box
crowdednesslike Local Density metric
developedby Tullis (1988b) and Hot-Spot
metric by Streveler & Wasserman (1987).

» Usemetricslike AspectRatio, Margins,and
Balanceto evaluatesizeof dialogboxesand
create a more coherent and consistent
layout.

* Metrics evaluationusing additional visual
techniques of Regularity, Proportion,
Neutrality, Transparency and Grouping
definedby Vanderdonckand Gillio (1994)
should be explored.

» Develop metrics to check consistencyin
typefacesand colors acrossdialog boxesin
general and for every widget type in
particular.

» Develop a better metric for detecting
misalignedwidgetssimilar to the dialog box
summary table gridedness metric and
previously developed Layout Complexity
and Alignment metrics (Tullis, 1988;
Streveler & Wasserman, 1987).
Developmetric to checkconsistencyn size
andlocationof specificwidgettypesacross
dialog boxes.Thesemetricsmay be similar
to those used in SHERLOCK's Button
Concordanceand Button Layout Table
tools.

* Expand the Terminology Basket tool to
detect misleading synonyms for specific
widget types and across all the widgets.



* Implement tools similar to Interface
Concordancend InterfaceSpellerto detect
variant capitalization, spelling errors and
abbreviations.

7.3 Recommendationsfor Designersof New

GUI Tools

The applicability of SHERLOCK's canonical
format approach to other Gldevelopmentools
beyond Visual Basic was explored. The
following arerecommendationfr designersof

new GUI tools afteranalyzingexistingtoolslike

Visual Basic, Visual C++, Galaxy, and Tk/Tcl.

* Visual design and textual properties of
dialog boxes includingvidgetlabels,widget
coordinateswidget sizes,typefaces,colors
and more should be stored in an ASCII
resource file. Many existing GUI
developmentools storethis information as
binary files.

* If the GUI developmentool allowsthe user
to dynamically changethe widget size and
position within the code, these changes
should be updatedto the corresponding
resource files.

* TheGUI developmentool shouldnot allow
widget in the dialog box to extendbeyond
the area of the dialog box.

* If possible, the GUI development tool
should create default left, right, top and
bottom margins for dialog box beyond
which widgets may not be extended.

* The GUI developmentool shouldpromote
consistencyby creatingdefault dialog box
templatesso that developersare aware of
the positioning of frequently used widget.

* A spell checking tool should be
incorporated in the GUI development tool.

8.0 Future Directions

8.1 Extension to SHERLOCK

* Analyze more interfaces developed in
Visual Basic to further modify the dialog
box summary table metrics. Furthermore,
removethosemetricsthatarenot successful
in detecting any inconsistencies.
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* Analyzeinterfacesdevelopedn Visual C++
to validatethe canonicaformatapproacton
which the design of SHERLOCK is based.

* Subdivide the dialog box summary table
into smallertools. This subdivisionwould
expand the analysis of each metric by
reporting any exceptions or additional
information along with metric values to
facilitate the interpretation of results.

* Link the dialog box summarytable to a
spreadsheetsoftwarelike Microsoft Excel
that cangraphthe inconsistenciesor every
metric.

* Add a generictool to SHERLOCK which
can detect visual design and textual
inconsistenciesin any type of widget,
including combo boxes, drop down boxes,
text boxes, similar to the inconsistencies
detectedby button layout table and button
concordance tools in button widgets.

 Expand the terminology thesaurus of

SHERLOCK in button sets of the button

layout table and basketsof the terminology

basket tool.

A new tool needs to be added to

SHERLOCKthat canseparatalialog boxes

with similar layoutfeaturesandthenusethe

other SHERLOCK tools for consistency
checking.

8.2 Extension beyond SHERLOCK
SHERLOCK analysis is static and provides
limited feedbackto the user. Stepsneedto be
taken to design a tool that incorporates
SHERLOCK tools, but is dynamic in nature,
where users can interactively modify the
inconsistencieshighlighted by SHERLOCK.
Also, the future tool shouldbe ableto indicate
the severity of the inconsistency,so that the
designers can prioritize the modifications
suggestediy thosetools. Perhapsthe greatest
challengeis to provide a “goodness’measures
for the metric values.We have laid down the
foundation for building the next generation
generic GUI consistency checking tool to
evaluatevisual design and textual properties,
but more work needsto be done to build a
complete structure on this foundation.



Acknowledgments
Funding for this researchwas provided by General
Electric Company. We would alsolike to thankRen
Stimart of GE for his help.

References

Apple Computer, Inc. (1992), “Macintosh
Human Interface Guidelines”, Addison-
Wesley Publishing Co., Reading, MA.

Bajwa, S.(1995), “Effects of inconsistencies on
users performance and subjective
satisfaction”Unpublished, Department of
Computer Science, University of Maryland

Barnard, P., Hammond, J. , Morton, J., Long, J.
and Clark, I. (1981), “Consistency and
compatibility in human-computer dialogue”,
International Journal of Man-Machine Studies
15, 87-134.

Bodart, F., Hennebert, A.-M., Leheureux, J.-M.,
and Vanderdonckt, J. (1994), Towards a
dynamic strategy for computer-aided visual
placement, In Catarci, T., Costabile, M.,
Levialdi, S., and Santucci, G. (EditorBypc.
Advanced Visual Interfaces Conference '94
ACM Press, New York, 78-87.

Chimera, R. and Shneiderman, B. (1993),

User interface consistency: An evaluation of
original and revised interfaces for a videodisk
library, In Shneiderman, B. (Edito§parks

of Innovation in Human-Computer Interactjon
Ablex Publishers, Norwood, NJ, 259-273.

Chin, J.P., Diehl, V.A. and Norman, K. (1988),
Development of an instrument measuring user
satisfaction of the human-computer interface.
Proc. of the Conference on Human Factors in
Computing Systems, CHI}9QCM, New York,
213-218.

Coll, R., and Wingertsman, A. (1990), The
effect of screen complexity on user preference
and performancénternational Journal of
Human-Computer Interaction 2,355-265.

Comber, T. and Maltby, J. (1995), Evaluating
usability of screen design with layout
complexity,Proc. of the CHISIG Annual
ConferenceMelborne, Australia (in print).

Frederiksen, N., Grudin, J. and Laursen, B.
(1995), Inseparability of design and use: An
experimental study of design consistency,
Proceedings of Computers in Context'95,
Aarhus Aarhus University, 83-89.

Grudin, J. (1989), The case against user
interface consistencgommunications of the
ACM 3210, ACM Press, New York, 1164-
1173.

25

Grudin, J., and Norman, D

. (1991), Language
evolution and human-computer interaction,
Proc. of the Thirteenth Annual Conference of
the Cognitive Science Socidtjlisdale, New
Jersey, 611-616.

Harrison, M.D. and Thimbleby, H.W. (1985),
Formalizing guidelines for the design of
interactive system#n Proc. of BCS HCI
Specialist Group Conference HC|881-171.

Jeffries, R., Miller, J., Wharton, C. and Uyeda,
K. (1991), User interface evaluation in the real
world: A comparison of four techniqué,oc.
of CHI 1991 ACM, New York, 119-127.

Kellogg, W. (1987), Conceptual consistency in the
user interface: Effects on user performance,
In Proc. of Interact '87 Conference on Human-
Computer InteractionStuttgart.

Kim, W. and Foley, J. (1993), Providing high-
level control and expert assistance in the user
interface presentation desidtrpc. of CHI 93
ACM, New York, 430-437.

Karat, C-M., (1992), Cost-justifying human
factors support in development projects,
Human Factors Society Bulletin 33.

Long, J., Hammond, N., Barnard, P., Morton, J.
and Clark, I. (1983), Introducing the interactive
computer at work: The user's vieBehavior and
Information Technology,, 39-106.

Lynch, P. (1994), Visual design for the user
interface, pt. 1 design fundamentdisyrnal
of Biocommunications 21, 22-30.

Maclntyre, F., Estep, K.W. and Sieburth, J.M.
(1990), Cost of user-friendly programming,
Journal of Fourth Application and Research 6,
2 103-115.

Mahajan, R. and Shneiderman, B. (1995), A
family of user interface consistency checking
tools: Design analysis of SHERLOCRtoc. of
NASA Twentieth Annual Software Engineering
WorkshopSEL-95-004NASA Pub., 169-188.

Mullet, K.(1995), Organizing information
spatially,Interactions July 95, 15-20.

Nielsen, H.(1989), Coordinating User Interfaces
for Consistency Checking, Ed. Nielsen, J.
Academic Press Inc., London.



Norman, D.A. and Draper, S.W. (19868)ser
Centered System Design: New Perspectives in
Human-Computer Interactiphawrence
Erlbaum Associates, Hillsdale, N.J.

Polson, P., Muncher, E. and Engelbeck, G.
(1986), A test of a common elements theory of
transferProc. of CHI'86 ACM, New York, 78-83.

Reisner, P. (1990), What is consistené®c. of
the IFIP Third International Conference on
Human-Computer Interaction, Interact ;90
Elsevier Science Publishers, B.V., North-Holland,
175-181.

Rosenberg, D. (1989), Cost benefit analysis for
corporate user interface standards: What price to
pay for consistent look and feeC®ordinating
User Interfaces for Consistency Checkiig.
Nielsen, J. Academic Press Inc., London, 21-34.

Sears, A. (1993), Layout Appropriateness: A
metric for evaluating user interface widget
layouts |[EEE Transactions on Software
Engineering 19, ,7707-719.

Sears, A. (1994), AIDE: A step towards metric-
based interface development toélsyc. of
UIST '95 ACM, New York, 101-110.

Shneiderman, B. (1992pesigning the user
interface: Strategies for Effective Human-
Computer Interaction: Second Editjon
Addison-Wesley Publ. Co., Reading, MA.

Shneiderman, B., Chimera, R., Jog, N., Stimart,R.
and White, D. (1995), Evaluating spatial and
textual style of display®roc. of Getting the Best
from State- of the-Art Display Systems 19&ndon.

Smith, D.C., Irby, C., Kimball, R., Verplank, B.and
Harslem, E. (1982), Designing the star user
interface Byte 7, 4242-282.

Streveler, D. and Wasserman, A. (1987),
Quantitative measures of the spatial properties
of screen designBroc. of INTERACT '87
Elsevier Science, Amsterdam, 125-133.

Tullis, T.S. (1983), The formatting of alphanumeric
displays: A review and analyslduman Factors
25 657-682.

Tullis, T. S. (1988a), Screen design, In Helander, M.

(Editor), Handbook of Human-Computer
Interaction, Elsevier Science, Amsterdam, The
Netherlands, 377-411.

Tullis, T. S. (1988b), A system for evaluating
screen formats: Research and application, In
Hartson, H. Rex and Hix, Hartson (Ed.),
Advances in Human-Computer Interaction:
Volume 2Ablex Publishing Corp., Norwood,
NJ, 214-286.

Vanderdonckt, J. and Gillo, X. (1994), Visual
techniques for traditional and multimedia layouts,
In Catarci, T., Costabile, M., Levialdi, S. and

26

Santucci, G. (EditorsRroc. Advanced Visual
Interfaces Conference '9ACM Press, New York,
95-104.

Wiecha, C., Bennett, W., Boies, S. and Gould, J.
(1989), Generating Highly Interactive User
Interface, Proc. of CHI'89 ACM, New York, 277-
282.

Wolf, R. (1989), Consistency as process,
Coordinating User Interfaces for Consistency
CheckingEd. Nielsen, J. Academic Press Inc.,
London, 89-92.



