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Abstract

Thetask of making origami diagramsisboth difficult and time-consuming. It is now
commonfor diagrammersto usecomputersbut few authorsuse programsthat arespecifically

written for origami diagramming.

Thisstudy eval uatesdifferent typesof softwarefor makingorigami diagrams. It drawsonthe
field of Human-Computer I nteraction (namely the Cognitive Dimensionsframework) to
determinetheusability strengthsand weaknessesof existing software. The study also seeks
theopinionsof bothreadersand authorsof origami diagramsviaaquestionnaire, partly based
onLang’ stenprinciplesfor diagramming and QUIS( Questionnairefor User I nteraction

Satisfaction.)

These usability findingsinform the design of animproved interfacefor making origami
diagrams. A prototypeinterfacebased on S. Miyazaki’ sorigami simul ationiseval uated by
theauthor and by nineparticipantsin ausability study. Thisevaluation showsthat whilst the
subjectsrated the prototypeas”wonderful”, they criticisedit for itsinadequate power and
beingrigid. Respondentsweremixedintheir feelingsof satisfaction, theprototype’ seaseof

useand thevisual attractivenessof itsdiagrams.

The main improvement that the prototype needsisto extend itsrepertoire of fold types. It

should berelatively easy to implement outside reverse folds, but other folds such asrabbit’s

earsmay cause problemsin both specifying the user interface and theimplementation.
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1 Introduction

This chapter introducesthetask of making origami diagrams. It thenfollowswith areview of
theexistingliteratureon computersand origami, noneof which specifically focusesonthe
usability of softwarefor making origami diagrams. It concludeswith an outline of the

objectivesof thisproject and describesthe structure of thisreport.

1.1 OrigamiDiagrams

Origami isthe* Japaneseart of paperfolding...If you canthink of an object either natural or
man-made, someone, somewhere, hasprobably folded an origami version.” (Lang, 2003a., p.

1-2).

Origami designshavetraditionally been passed on by peopleteaching afol ding method to
other people. The earliest known written origami instructions date from the early 18" century
inJapan. (Lister, 2003). Theinstructionscombineimagesand textinto asequencethat takes
the reader through the steps needed to fold afigure from paper. Figure 1 shows a Japanese

example from the mid-nineteenth century.
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#

Kanomado, c. 1850

Figure 1 Mid-nineteenth century Japanesediagramsfor foldingaDragonfly (Harbin, 1956, p. 8)

Later, authors of books
onpaperfoldingstruggledindifferent waystodraw diagramsillustrativeof their text
with varying degreesof success, but they werenot, infact, very successful at all.
Some supplemented their outline step diagramswith perspectivedrawings. Some
added | ettersat the corners. A few used photographs.” (Lister, n.d.).

AkiraY oshizawarevol utioni sed origami instructionsby “ adopting different dotted linesfor

mountain and valley foldsand by using arrowsto show the movesin the paper, he at once

transformed stati c diagramsintodynamicpictures’ (Lister,n.d.).Y oshizawapioneered his
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systeminthe 1950sand it was soon adopted and adapted by Samuel Randlett and Robert
Harbin. Figure 2 showsHarbin’sversion of the standard and Figure 3 shows the standard in
use. AsKoshak (2003, p. 7) notes, “ Thevast mgjority of all origami booksand publications
use[Y oshizawa-Harbin-Randlett] diagramming and most origami practitionerscanread and
understanddiagrams.” (Infact, most readerscan understand diagramspublishedina
languagethat the reader does not understand. Figure 40, p. 209, shows a newer set of symbols

in both Japanese and English)
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THE SYMBOLS — These should be memorised now

mountain fold

o s o s mame 4o mmm— b —— s

vallev fold

cut

>{ or

creases X-ray VIEw rrreeseesrrianaieeenaas

hold watch this
here spot X orY
. fold
?Ol? under
in front or into
| sh 1
: push in
fold [ § sink or »
behind | - squash
open pull out flap
out from underneath
turn
over
told over and over
repeat a once lI
fold fold and |
one or unfold to |:
more $ crease only '
times 3 times |

Figure 2 Standard folding symbols(Harbin, 1974, p. 8)
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Lover’s Knot — Traditional An exercise

crease diagonals this is a BLINTZ
first FOLD

hu!

open out
4 flaps

Precrease

— 8O,

press flat

grip firmly
open flap 4

: X
inserf thumbs
either side

of X

X

—and so LOVER’S KNOT ANVIL

Figure 3Modern diagramsfor foldingatraditional salt cellar, lover’sknot and anvil (Har bin, 1974, p.

15-16)
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Onespecial characteristic of origami diagramsisthat they needtodistort reality in order to
clearly show thereader how the paper isarranged. (Petty, n.d; Szinger, 2001, 2002;
Robinson, 2004). In step 2 of Figure 3, notice how the corners of the square do not meet at
thecentre, and that thereisathin gap between the original edgesof thesquare. The
instruction in step 1 isto fold the corners exactly to the centre, but theresult is partialy

opened up sothat thereader can perceivethethreedimensionality of thedrawing.

1.2 Making Origami Diagrams without a computer

Diagramming hasbeen described as* boring, tediouswork” (Lang, 1989a, p.16). Many
origami designersprefer to design model srather than document them. Therearesevera
reasonswhy diagramming isconsidered difficult and time-consuming (Cunliffe, 1988, 1989,

1989b, 1989c):

e Thereisaneed to work out afolding sequencethat is
0 enjoyableand understandable by others
0 canbedrawnrelatively easily.
e Someperceivealack of their own artistic ability.
o Itisdifficult tochangeoncesubstantial work hasstarted on aset of diagrams.
o Thework of drawing similar step foldsisrepetitive (stepsare usually only slightly
different from each other).

o Drawing flat representations of three-dimensional objects can be challenging.

1.3 Making Origami Diagrams with Computers

Origami instructions have been drawn by hand for many years. Traditional diagrammingis

time-consuming and hence many authorshave sought to use computer power to speed up the
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process(e.g. Gout, 2001; Lang, 19893, 1989b; Petty, n.d). Another reasonisthat

computerised diagramsare convenient to distributeelectronically (Petty, n.d).

For these reasons anumber of approaches have been used

Use CAD programs (Glassner, 1996)

Use programsto construct 3-dimensional models e.g. Mathematica has been used in

thisway (Hull, 1995)

Usetext languages, e.g.

e Oridraw (van Gelder, 2002)

e Doodle (Gout, 2001)

o Fisher (1994)

Usecomputer drawing packagesintended for artistsandillustrators, e.g.

o CorelDRAW!

o Adobelllustrator

e MacromediaFreehand (Petty, n.d; Lang, 1996)

Or general graphicsmodulein general purpose softwaree.g.

¢ thedrawing modulein Ami Pro, aword processor (Petty, n.d.)

Or graphicsprogramsintended for specific nichese.g.

e Visio,whichwasoriginally designed for producing flow charts, organisation
charts, etc.

Simulatefolding using virtual paper (Szinger, 2001, 2002)

Therearetwo methodsthat are often used on acomputer, but can be donewithout usinga

computer:
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¢ Usemathematical/textual descriptionse.g. OIL, Origami Instruction Language
(Smith, 1975)

o Usepartial, abbreviated diagramse.g. a“ creasepattern” showsthefoldlineswhena
folded model isunfolded back to the original piece of paper (Koshak, 2003). A
relatively uncommon extension of thisistheannotated crease pattern: the reader

printsout and foldsthe paper containing theinstructions(Nordal, 2001; Ward, 1976).

Oneapproach not widely discussedistheuseof mathematical drawing programs(e.g.

Geometers' Sketch Pad, FXDraw, Cabri or Cabri3D).

1.4 Literature Review of Origami and Computers

Theapproacheslistedintheprevioussectionfocuson using existing software, or developing
new software, to document folding methods. Other researchers have been using origami asa
context for novel researchinother areas. Theseresearchersarenot specifically interestedin
improving methodsfor documenting origami (or their qualities) per se, but do touch onitin

the course of their main research:

o Simulation of folding and Virtual Reality (Miyazaki et al., 1996)

e Constraintfunctional logicprogramming (Ida et al., 2003)

e Mathematical analysisand proof e.g. Lavoie(n.d).; Idaet al. (2004); |da and Buchberger
(2004)

o Simulationfor “studying geometric and graphic primitivesin apicturesgue and eye-
catching context...[and] appreci ating both creativeand educational sidesof Origami”

(Zamiatina, 1994)
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Usability of computer representati onsfor teaching and learning origami (Kishi and Fujii,

1998; Leventhal, 2001; Zimmerman et al, 2003; I1sley, 2003)

e Automatic diagram capture (Kato et al., 1997; Kato et al., 1998; Shimanuki et al., 2003;
Suzuki et al., 2002) and scene capture (Wilkes and Tsotsos, 1992)

e Useof novel multi-modal technologiesfor teaching origami (Ju et al., 2002)

e Teachingorigami (Ariel, 1998, reportshow Kittyhawk Software, Inc., commissioned
bespoke softwarefor modelling and animating origami. It seemsthat the software cannot
simulate folding —the user istasked with* plugging in coordinatesfor the different facets
and thentelling how to rotate the facet(s) etc...”)

o Usability of different typesof origami instructionse.g. Novick and M orse (2000)
investigated the effectivenessof threetypesof instructions: text only; final diagram with
text instructions; step-by-step with final diagram.

e Design of origami using computer tools (Lang, 2003a; Shimanuki et al., 2004)

e Toolstoassist origami design (Lang, 2003b; Bateman, 2005)

o Applicationof SVG (ScalableV ector Graphics) toavisualisationand modelling problem

using CSS, SMIL animationand ECMA Script (Teng and Mansfield, 2003)

Many of the authors have created 3-dimesional animationsof folding methods(e.g. Miyazaki
etal.,1996; Idaet al., 2003; Zamiatina, 1994, etc.) Somehavebased thison theassumption

that printed diagramsaredifficult tofollow (e.g. Leventhal, 2001; Shimanuki et al., 2003).

1.4.1 Computer Origami Simulation

Someearly work onorigami simul ationindicated thedifficulty of both theimplementation of
anagorithmandthespecification of theuser interface(Lang, 1991). L ang (2005b) reported

that by the early 1990s his simulator (Figure 4) allowed usersto
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[make] basic mountainand valley folds, turn the paper over, rotateit inthe plane of
the paper, and soforth: what isnow called "Pureland Origami” (aname and concept
coined by John Smith ... inthe 1970s).
Several authors reported successful implementations(Miyazaki et al., 1992; Miyazaki et al.,
1996; Zamiatina, 1994; Fisher, 1994). Two recent examplesare Szinger, (2001, 2002) and

Nimoy (2002). Thelatter based hiswork on source code provided by Miyazaki.

" & File Edit Tools View Windows Help

[ & File Edit Toals View Windows Help

Figure4 Lang's(2005b) Origami Simulation showing theresult of dragging a cor ner of asquaretothe

bottom edge

Of thework mentioned above, Ida(n.d.), Nimoy (2002), Miyazaki et al. (1996) and
Zamiatina(1994) providedworkingversionsof their ssmulations. Their work took theform
of, respectively, an interactive version on aweb site, a Java applet, C++ source code and

M athemati ca notebooks.

1.4.2 Origami-Oriented Software

Only Gout (2001), van Gelder (2002), Szinger (2001, 2002) and Nimoy (2002) have focused
ondocumenting origami model susinginternationally accepted standardsi.e. thosebased on
systemsby Y oshizawa, Randlett and Harbin. Szinger’ sFol dinator project (Figure 5) and
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Nimoy’ s Java Origami (Figure 6) both use origami symbolsto manipul ate the on-screen

virtual paper i.e. they usefoldlinesand arrowsto specify folds, rather than using themouse

as an on-screenvirtual “hand”. Thelatter approach wastaken by Miyazaki et al. (1996) and

Lang (1991). Gout’ s Doodle (Figure 7) and van Gelder’ sOriDraw areeffectively graphics

programminglanguageswith special featuresfor origami diagrams.

Foldinator 5| [Feldinater |
L 15
- e
”
— —
— —
= —-
= =
—— ) ——
Step 1: Valley fold paper in hait Siagenally. AEI s Step 2: nu

Figure5 Foldinator screenshot showing use of symbolsfor defining folds (Szinger, 2001)

dvirtualorigam i-Microsoft Internet Explorer provided by Freeserve E‘@‘E‘

Fle Edift View Favorites Tools Help &

[ B @ P search FcFavorites & Meda € (1v
Aclchess | &) GAMBOLYLit Search\Origami SearchiMiyazakivdertved works\Mimoyieurrel » | EJ 6o~ @ Snagit B

2

&] Applet origami1 started @ Internet

Figure 6 Nimoy'sJava Origami showinguseof fold lineand arrow for definingafold
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Test
Design: TKL Diagrams: TKL - Copyright 2005
Level : test
Paper : test
El b b
b
vl
d o ¢
1- \square(a, b, c, d); 2- vl=\line_to_line(b, a, d, [a, d]); 3- \cut([a, d], v1);
% fold cut the orignal edge
b b
b
vI Vi V1
C
C C
4- \move(a, [v1, b]); 5- \border?_vl, b); 6- \fill(back, v1, b, a); .
% effective paper move % fold line becomes border % we see now a part of the back side
1

Figure 7 Doodleoutput for atest fileillustrating selected Doodle commands

Doodleand OriDraw areunlikely to be used by many peopledueto the programming skills
required. Command languages need “ substantial training and memorisation” (Shneiderman
and Plaisant, 2005, p. 72). They note, however, that command languagesappeal to* power

users’.
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Both Nimoy and Szinger both appear tobeno longer actively devel oping their projects. The
author of Foldinator acknowledgesthat itsdevelopment is* proceeding at asnail'space’

given hiscurrent personal circumstances (Szinger, 2005)

Tengand Mansfield (2003) claim that they have devel oped amethod to make* origami
instructions.... more understandablefor theuser and easier for theauthor”. Their method does
alow the author to use high-level termslikethe paper front and back, valley and mountain
fold linesand arrows. Figure 8 shows the result of an SV G file (excerpt in Figure 9) and its
style sheet, Figure 10. However, Teng and Mansfield do not present other methodsfor
simplifyingthetask of authoring origami instructions. For example, theauthor must define

coordinatesof verticesto definepolygons, and hence paper flaps. Changing theappearance

of astylemay beeasy, but altering the position of flapsisstill difficult.

Figure 8 bunny02.svg (Tengand M ansfield, 2003) asdisplayed by AdobeSV G Viewer version 3.0
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<g cl ass="paper">
<pol ygon cl ass="back" poi nts="246,50 470,260 50, 260"/ >
<pol ygon class="front" points="260,50 470,260 50, 260"/ >
</ g>
<g class="fol d">
<line class="nountain" x1="155" y1="155" x2="260" y2="260"/>
<line class="val |l ey" x1="365" yl="155" x2="260" y2="260"/>
</ g>
<g class="arrow'>

<pat h cl ass="behi nd" d="M8, 258 Al165,135 0 0,1 237.5,52.5"/>

<path class="forward" d="M58, 253 A500,500 0 0,0 217.5,112.5"/>

</ g>
Figure 9 Excer pt of bunny02.svg (Tengand M ansfield, 2003)

.paper {fill:rgb(255,223,159); stroke-wi dth:1.5; stroke:black}
.paper .front {fill:url (#stipple)}
pattern .paper {stroke-w dth:0; stroke:none}
.fold {fill:none; stroke-wi dth:2; stroke:blue}
.fold .nountain {stroke-dasharray: 18,5, 2, 5}
.fold .valley {stroke-dasharray: 10, 5}
.arrow {fill:none; stroke-wi dth:1.5; stroke:blue}
.arrow. closed {fill:blue; stroke-w dth:0; stroke: none}
.arrow. thin {stroke-w dth:1.2}
.arrow .forward {nmarker-end: url (#pointer)}
.arrow . behind {rarker-end: url (#hal f Taper)}
.arrow .tuck {marker-end:url (#solidTaper)}
.arrow . repeat {marker-start:url (#doubl eS|l ash);
mar ker - m d: url (#l oop); marker-end: url (#pointer)}
.arrow . flip {marker-md:url (# oop); marker-end:url (#pointer)}

.arrow . bl ow {stroke-opacity:0; marker-end: url (#whoosh)}

Figure 10 origami.css (Teng and M ansfield, 2003)
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1.5 Motivation

Asmentioned in Section 1.2, itiscommonly acknowledged that diagramming can bedifficult
and time-consuming. Lang (1989a) wrotethat he“hates’ diagramming becauseitis®boring,

tediouswork”. Koshak (2003, p.8) claimed:

Themagjor disadvantageto diagrammingisthat generating themisatedious, laborious
and error prone process. ... Even though diagrams are the most common way to
document origami, thelabor invol ved keepsmany model designersfromdocumenting

their models.

Evenwiththeuseof computers, diagrammersstill find diagramming difficult andtime-
consuming. There seemsto belittleresearch on the usability of software for producing

origami instructions.

1.6 Objectives

Themainresearch question of thisprojectis*How canthetask of origami diagramming
using acomputer be improved using Human-Computer Interaction (HCI) theory, principles
and methods?’
Thisproject aimstoinvestigate

a) Which softwareisused?

b) What qualitiesshould“good diagrams’ possess?

¢) How well isthe software used?

d) Which approaches are most fruitful ?

€) What other approaches could be used?

f) How could such approaches be refined?
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1.7 Report Structure

Thischapter introduced some of the existing software and approachesused. It stated that

Y oshizawa- Randlett-Harbin’ sdiagramming systemisa de facto standard, and hence*“good
diagrams’ should useit. However, thissystem hasevolved over time —individual
diagrammershavetheir owninterpretationsof thestandard. Someadopt, adapt or definenew
symbolsfor their own purposes. Thereforeguidanceoninterpretationisneeded andthisis

given by Lang (2000).

Chapter 3 describes a questionnaireto gather approachesand how well softwareisused. This
isbased onthe HCI work of othersdescribed in Chapter 2. In additionto thequestionnaire, |
will evaluatethe softwaremyself. Chapter 4 contai nsthiseval uation and describesthe

benchmark software and tasksin more detail.

Theusability findingsin Chapters3and 4 arethebasisfor proposing animprovedinterface

inChapter 5. Chapter 6 describestheimplementation and Chapter 7 itseval uation.

Chapter 8 presents the conclusions of the project and suggests further work.

Thiswork will be of interest to otherswho wish to find systematic research on the use of
computersfor origami diagramming. Thework could be of useto authorsin other specialist
fieldse.g. people who produce mathematical diagrams. The sequentia nature of origami
instructionsissimilar tothat neededfor certainkindsof illustrated instructionse.g. assembly
and operating instructionsfor bicycles, doll’ shouses, electrical circuits, jigsaws, exercise

machines, etc. (Novick and Morse, 2000)
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2 Human-Computer Interaction

2.1 Introduction

This chapter outlinesthe field of Human-Computer Interaction (HCI). It then describesthe
most relevant aspectsof HCI, namely the definition of usability and methods for evaluating

it.

Different typesof eval uation aredescribed and themost suitablemethodsare chosen: expert
evaluation usingthe CognitiveDimensionsframework and asking for users’ opinionsof
usability viaaquestionnaire. Reasonsfor choosing the Cognitive Dimensionsframework are
givenandtheframework iscomparedwith other principlesand guidelinesfor designand

usability.

2.2 HCI as a field

Carroll (2003, pl1-9) statesthat HCI isalarge, diverse and multi-disciplinary field — indeed,

thesuccessand strength of HCI isfounded onthisdiversity. Over the past two decades, HCI
hasgrowntotakeinfieldsasdiverseasanthropol ogy, sociol ogy, computer science, cognitive
scienceand Marxism. However, HCI asadiscipline hasfragmented and this means that it can

bedifficultfor bothresearchersand practitionersto sel ect appropriatetheoriesand methods.

Shneiderman (2003, p. xv) arguesthat HCI hasbeen “ accepted in academic departmentsand
corporate boardrooms.” HCI could
become a basic sciencelike physicsand psychology; it could remain an eclectic

interdisciplinelikebiophysicsand sociolinguistics; or it could matureintoa
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professional disciplinewith scientificfoundationslikearchitectureand medicine.
(Shneiderman, 2003, p. xv)
Thusmany equally valid methodsexist for improving the usability of softwarefor agiven

task. Thenext section considersdefinitionsof usability.

2.3 Usability

Preece et al. (2003, p. 14) suggest that usability hasthe following components:

Effectiveto use (effectiveness)
o Efficient to use (efficiency)

o Safeto use (safety)

o Good utility (utility)

o Easytolearn (learnability)

o Easy toremember how to use (memorability)

Dix et al. (2004, p260-261) present three broad aspects of usability
o Learnability —the easewith which new users can begin effectiveinteraction and
achievemaximal performance
o Flexibility —the multiplicity of waysinwhich the user and system exchange
information
¢ Robustness —thelevel of support provided to the user in determining successful
achievement and assessment of goals
For each aspect, they present abstract principlesaffecting usability
o Learnability

0 predictability
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0 synthesisability
o familiarity
0 generaisability
0 consistency
o Flexibility
o didoginitiaive
o multi-threading
0 substitutivity
0 customisability
¢ Robustness
0 oObservability
0 recoverability
0 responsiveness

0 task conformance

2.4 Evaluation

Dix et al. (2004, p319-320) identify three goalsfor evaluating asystem:
1. Toassessthe extent and accessibility of thefunctionality: e.g. ease of use, meeting
users expectations, etc
2. Toassessusers experienceof interactingwithasystem: e.g. easeof learning,
usability, satisfaction, etc.

3. Toidentify specific problemsin order to addressthem at alater stage

Thisproject needsto sel ect an eval uation method that allowsall three goal sto befulfilled.

Different types of evaluation are now considered.
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2.5 Types of evaluation

Evaluationisasignificant aspect of HCI. Asthereareso many individual evaluation
methods, authors classify theminto broad categories. For example, Dix et al. (2004, p360-
362) usethefollowing categories:

e Analytical

(@)

cognitivewalkthrough
0 heuristicevaluation
0 review based
0 model based
e Experimental and query
0 experiment
0 interviews
0 Questionnaire
e Observational
o thinkaoud
0 protocol analysis
0 post-task walkthrough
e Monitoring
0 eyetracking

0 physiological measurement

Ivory and Hearst (2001) identified more evaluation methods (39 arelistedin Table 1) and

organised them into five broad categories:
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Testing: anevaluator observesusersinteracting withaninterface(i.e., completing
tasks) to determine usability problems.

I nspection: an evaluator usesaset of criteriaor heuristicstoidentify potential
usability problemsin an interface.

Inquiry: usersprovidefeedback on aninterfaceviainterviews, surveys, andthelike.
Analytical M odeling: an evaluator employs user and interface model sto generate
usability predictions.

Simulation: an evaluator employsuser and interface models to mimic a user
interactingwith aninterfaceand report theresultsof thisinteraction (e.g., simulated

activities, errors, and other quantitativemeasures).

Theauthorsstatethat thefirst threecategories(testing, inspection, andinquiry) are
“appropriatefor formative(i.e., identifying specificusability problems) and summative(i.e.,

obtaining general assessmentsof usability) purposes.” (ibid., p. 473)

Method

Class Method Type Description

Testing
Thinking-Aloud Protocol user talks during test
Question-Asking Protocol tester asks user questions
Shadowing Method expert explains user actions to tester
Coaching Method user can ask an expert questions
Teaching Method expert user teaches novice user
Codiscovery Learning two users collaborate

Performance Measurement tester records usage data during test

Log File Analysis tester analyses usage data
Retrospective Testing tester reviews videotape with user
Remote Testing tester and user are not colocated during test
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Inspection

Inquiry

Guideline Review
Cognitive Walkthrough
Pluralistic Walkthrough
Heuristic Evaluation
Perspective-Based
Inspection

Feature Inspection

Formal Usability Inspection
Consistency Inspection

Standards Inspection

Contextual Inquiry
Field Observation
Focus Groups
Interviews

Surveys
Questionnaires
Self-Reporting Logs
Screen Snapshots

User Feedback

Analytical Modeling

GOMS (Goals, Operators,
Method and Selection)
Analysis

UIDE (User Interface
Development Environment)
Analysis

Cognitive Task Analysis

Task-Environment Analysis

Tung Ken Lam R4879389
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expert checks guideline conformance
expert simulates user’s problem solving
multiple people conduct cognitive walkthrough

expert identifies violations of heuristics

expert conducts narrowly focused heuristic evaluation
expert evaluates product features

expert conducts formal heuristic evaluation

expert checks consistency across products

expert checks for standards compliance

interviewer questions users in their environment
interviewer observes system use in user’s environment
multiple users participate in a discussion session

one user participates in a discussion session
interviewer asks user specific questions

user provides answers to specific questions

user records Ul (User Interface) operations

user captures Ul (User Interface) screens

user submits comments

predict execution and learning time

conduct GOMS analysis within a UIDE

predict usability problems

assess mapping of user’s goals into Ul (User Interface) tasks
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Knowledge Analysis predict learnability

Design Analysis assess design complexity

Programmable User Models  write program that acts like a user
Simulation

Information Processing

Modeling mimic user interaction

Petri Net Modeling mimic user interaction from usage data

Genetic Algorithm Modeling mimic novice user interaction

Information Scent Modeling mimic Web site navigation

Table 1 39 usability evaluation methods(lvory and Hear st, 2001, p. 476)

Theseare useful classifications, but Preece et al. (2003, p.3 44) provide abetter classification
becausethey separate paradigmsof eval uationfromthetechniquesof eval uation. For
example, Dix et al.” smonitoring examplesmay be considered asbeing either experimental or
observational. In Preece et al.’ sclassification, monitoring isatechniquefor “ observing

users’ which canbeappliedtotheparadigmof “ usability testing” (although eyetrackingand
physiol ogical measurement may bemoreinvasivethantheusual techniquesof video or

interaction logging).

Preece et al. (2003, p. 344) identified four paradigms
e “Quick and dirty”
o Usahility testing
o fieldstudies
o Predictive

which are summarisedin Table 2.
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Role of users

Who controls

L ocation

When used

Typeof data

Fed back into
design by . ..

Philosophy

" Quick and dirty"
Natural behavior.

Evaluators take

minimum control.

Natural environment or

laboratory.

Any time you want to
get feedback about a
design quickly.
Techniques from other
evaluation paradigms
can be used - eg.
experts review software.
Usually qualitative,

informal descriptions.

Sketches, quotes,

descriptive report.

User-centered, highly
practical approach.

Usability testing
To carry out set tasks.

Evaluators strongly in

control.

Laboratory.

With a prototype or

product.

Quantitative. Sometimes Qualitativedescriptions

statistically validated.
Users' opinions
collected by
guestionnaire or

interview.

Report of performance
measures, errors etc.
Findings provide a
benchmark for future

VErsions.

Field studies
Natural behavior.

Evaluators try to
developrelationships
with users.

Natural environment.

Predictive
Users generaly not
involved.

Expert evaluators.

Laboratory-oriented but
often happens on

customer's premises.

Most often used early in Expert reviews (often

design to check that
users needs are being
met or to assess
problems or design

opportunities.

often accompanied with
sketches, scenarios,

quotes, other artifacts.

Descriptionsthat

includequotes,

done by consultants)
with a prototype, but
can occur at any time.
Models are used to
assess specific aspects
of a potential design.
List of problemsfrom
expert reviews.
Quantitative figures
from model, e.g., how
long it takes to perform
atask using two
designs.

Reviewers provide alist

of problems, often with

sketches, anecdotes, andsuggested solutions.

sometimes time logs.

Applied approach based May be objective

on experimentation, i.e.

usahility engineering.

observationor

ethnographic.

Table 2 Characteristicsof different evaluation paradigms(Preece et al., 2003, p. 344)

Tung Ken Lam R4879389

Page 37 of 213

Times calculated from
models are given to
designers.

Practical heuristics and
practitioner expertise
underpin expert
reviews. Theory

underpins models.

Submitted: 13 September 2005



M801 Dissertation: An investigation of the usability of software for producing origami instructions

Theauthorsthen list fivetechniques (p.347)

e Observing users

Asking usersfor their opinions

Asking expertsfor their opinions

Testing users' performance

Modeling users' performanceto predict theefficacy of auser interface
Table 3, p.39, showstheir matrix of their paradigms and techniques. Each combination of
techni queand paradigm coul d be sel ected asapossi bl eeval uation method. Thesemethods
aresimilar to thethree evaluation methodsidentified by Sears (2003, p. 1091-1092): namely,
user-, ingpection- and model-based eval uation methods:

¢ User-based methods map to the technique of “asking users”

¢  Inspection-based methods map to thetechnique of “ asking users” in“predictive’

paradigm
e Model-based methods map to thetechniqueof “modelling users’ task performance” in

“predictive’ paradigm

| have added colour to the original sourcetablefor Table 3. Combinations of techniquesand
paradigms in dark red are not feasible and/or not suitable for thisproject. Field studiesrequire
moretime, and accessto, subjectsthan | would reasonably expect fromusers. Additionally,
inorder to gather meaningful data, thereisaneed for sustained accessto subjectsand for me

to devel op sufficient expertise to correctly apply the methods.
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Evaluation paradigms
" Quick and dirty" Field studies Predictive
Important for seeing how N/A
users behave in their

natural environments.

c
g
E
—
i3
@

Discussions with users User satisfaction N/A

and potential users guestionnairesare

individualy, in groups or administered to collect
focusgroups. users opinions.

Interviews may also be

e

To provide critiques /A N/A Experts use heuristics
(called "crit reports") of early in design to predict
the usability of a the efficacy of an
prototype. interface.

N/A N/A N/A

N/A

2

/A N/A

i
]
Q
ol
3
o}
®
aQ
[
)
7y

Table 3Therelationship between evaluation par adigmsand techniques(Preece et al., 2003, p. 347)
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The aim of evaluationfor thisprojectistoinformthedesign processwith theusability
strengthsand weaknessesof existing software. Somemethodsgiveusability information at
thewrong level of detail. For example, whilst GOM S (Goal's, Operators, Method and
Selection) has had some remarkable success', it is not suitable because it models | ow-level
dataentry. Furthermore, GOM Shas* highly limited scope: it canonly really model
computer-based tasksthat involve asmall set of highly routine-data entry type tasks.” (Preece

et al., 2003, p. 454)

Combinationsinwhitein Table 3 do not exist (not applicable) or are not suitablefor M801.:
all of the® Quick and Dirty” methodsmay beuseful , but must be supplemented with more
substantial evaluation methods (“Quick and Dirty” methodslack the rigour needed for

M801.)

Thetwo remaining combinationsin green are both possible and suitable:

a) Techniqueof “askingusers’ in* usability testing” paradigm: “ User satisfaction
questionnairesare administered to collect users opinions. Interviewsmay also be
used to get more details”

b) Techniqueof“askingexperts’ in*predictive’ paradigm: “ Expertsuseheuristicsearly

in design to predict the efficacy of aninterface.”

These methods are now examined, selected and adapted in the next two sections.

! Project Enerstine showed that a new computer system to support telephone operators would be slower than the
system it was designed to replace. By not adopting the new system NYNEX, a US telephone company, saved

millions of dollars (Dix et al., 2004, p. 424)
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2.5.1 “Asking Users” in a*“Usability Testing” Paradigm

Inorder to decrease possiblebiasof asking alimited number of “experts’ inapredictive
paradigm, opinions about usability will be sought from usersviaaquestionnaire. Thisis
basedinpart on QUIS, theQuestionnairefor User Interaction Satisfaction. Shneidermanand
Plaisant (2005, p.153-161) quotethefull version of thisquestionnaire. Theresultswill

provide information about what peoplefeel about current systems’ usability and capabilities.

Therearesix aspectsof usability inthe QUISquestionnaire. They arenot definedinthe
QUISquestionnaire, so each respondent will interpret themin hisor her ownway. However,

they will be taken to mean the following®

QUI Saspect Description

Terrible/ wonderful Wonderful programsevokefeelingsof positive surprise
and admiration. Terribleprogramsare unpleasant tolearn
and to use.

Frustrating / Satisfying Satisfying programs allow usersfulfil their goals.
Frustrating programsprevent usersfulfilling their goals
and/or discourage usersin their attempts.

Dull / Stimulating Dull programsareboring. Stimulating programsinspire
users with new ideas or ways of doing things.

Difficult / Easy Easy programstakelittle effort to learn and to use.

Difficult programsand hard to learn and hard to use.

2 Based, in part, on word definitions from Cambridge Dictionary Online (Cambridge Advanced Learner’s

Dictionary) URL http://dictionary.cambridge.org (13 Sep 2005)
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Inadequate/ Adequate Power Programswith adequate power offer rel evant featuresthat
users need to accomplish their goals. Note, however, that it
ispossiblefor aprogram to have adequate power but be
frustrating (user cannot use thefeatures) or dull (user does
not enjoy using the features).

Rigid/ Flexible Flexible programs can adapt to the way userswant to do
things. Rigid programslack flexibility: they offer alimited

number of ways of doing things.

Dix et al.’s (2004, p260-261) three broad aspects of usability are covered by someof the
QUI S aspects.

o Learnability — Difficult / Easy

o Flexibility —Rigid/ Flexible

o Robustness — Frustrating / Satisfying and Inadequate / Adequate Power

Of Preece et al.’s(2003, p. 14) usability components, all expect oneare covered:

Effectiveto use (effectiveness) — Frustrating / Satisfying

o Efficient to use (efficiency) — Frustrating / Satisfying and Difficult / Easy
o Safeto use (safety) —not specifically addressed

o Good utility (utility) — Inadequate/ Adeguate Power

o FEasytolearn (learnability) — Difficult / Easy

o Easy toremember how to use (memorability) — Difficult / Easy
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2.5.2 “Asking Experts” in a“Predictive” Paradigm

Typical usability inspection methods are Cognitive Walkthrough and Nielsen’ sHeuristic

Evaluation.

Preece et al. (2003, p.422) observe that “ cognitive walkthrough isauseful techniquefor
evaluatingasmall part of asystemindetail, whereasheuristic evaluationisauseful for
examiningwholeor partsof systems.” Thisproject evaluatesanumber of systems, so

Cognitive Walkthrough is not feasible.

Nielsen’ sHeuristic Eval uationtheref oreappearsmorepromising. It hasbecomepopul ar
sinceitsintroduction (Nielsen, 1994) but hassuffered from seriouscriticism (Gray and
Salzman, 1998). Researchershavesubsequently attemptedtoimproveHeuristic Evaluation:
Cockton et al. (2004) found that aquestionnaire prompting for reflectionfrom evaluators

improvedtheir abilitiesat finding rel evant usability problems.

L aw and Hvannberg (2004) examined fiveresearch questionsregarding Heuristic Eva uation.
They determined thesuccessof Heuristic Evaluation (HE) by comparing theusability
problemsfound by HE with actual user testing . They found that Nielsen’ stenheuristicswere
superior to Gerhardt-Powal’ s Cognitive Engineering Principles(listed in Appendix A —
Gerhart-Powals Cognitive Engineering Principles, p. 133), even though the latter had a
better theoretical grounding. Some of thereasonsfor this(ibid., p. 248) are that Gerhardit-
Powal’ sprinciples:

e Arehardfor noviceevaluatorsto understand

o Arenarrow anddeep (“confinedto principlesof perception”) whereasNielsen’s

heuristics are broad
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o “Wereinitially developedfor evaluating ahighly dynamicmilitary systemwith many

numeric data presentations.”

They note that
thereexist hundredsof guidelines, principlesand criteriafor designand eval uation of
interactiveinterfaces. Whileitisnot so challenging to add onemoreitemintothisan
already (too) large knowledge pool, what ismore challenging for researchersaswell
aspractitionersisto select aright assortment and to validateit with highest possible
experimental rigor. (ibid., p. 248)

Thereforeitisappropriateto sel ect existing guidelinesrather than attempt to create new ones.

The next section describes suitable guidelines.

2.6 Principles, Guidelines and Standards

Section 2.3, presented some definitions of usability. Dix et al. (2004, p282) observesthat
abstract principlesof usability need effort fromadesigner, “ either totrack down... or to
interpret”. Designers need to be able to “ determine the usability consequences of their design
decisions... designrules...[allow adesigner to]... increase the usability of the eventual
software product.” (ibid., p. 259). Both Shneiderman and Plaisant (2005, p. 60-76) and Dix et
al. (2004, p. 259-260) classify design rulesinto threelevel s (although they use the same
wordsto mean dightly different things):
o High-level principles, modelsandtheoriesarewidely applicable. They aregeneral
and abstract and thereforerequire careful interpretation.
o Guidelines aremorespecific but lessgeneral. Theseinclude heuristicsand* golden
rules’ likeNielsen’ sten heuristicsfor Heuristic Eval uation, Norman’ s* Seven

Principlesfor Transforming Difficult Tasksinto SimpleOnes’ and Shneiderman’s
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“Eight Golden Rules of Interface Design” (Dix et al., 2004, p. 282-284). Another set
of guidelinesisthe Cognitive Dimensionsframework.

o Standardsare specificand practical. They haveanarrow focusand usually must be
followed. Typical examplesarestyleguidelineslike Apple sMacintosh Human
Interface Guidelines (Apple Computer Inc., 1995) and Microsoft’s The Microsoft

Windows User Experience (Microsoft Corporation, 2004a).

Guidelinesare* broad-brush” design rules (Dix et al., 2004, p. 282) that “ need validation and
tuning for specificdesigndomains’ (Shneiderman and Plaisant (2005, p. 74). Dix et al.
(2004, p. 282) statethat “itisclear than any designer following eventhesesimpleruleswill

produce abetter system than one who ignoresthem.”

Guidelinesarepitched at an appropriatelevel of generality: neither too widenor too narrowly
focused. Each of thefour setsof guidelinesmentioned above coverssimilar ground: thisisto
be expected becausethereisat |east somekind of consensus about what “good/usable
design” is. However, each hasadifferent emphasis. The next sectionsexamineeach set of
guidelines. Section 2.7 compares these guidelines and choose the Cognitive Dimensions

framework asthe most appropriate.

2.6.1 Nielsen’sten heuristics for Heuristic Evaluation

Dix et al. (2004, p282-284) listsNielsen’ sten heuristics (see Appendix B — Nielsen’sten
heuristicsfor Heuristic Evaluation, p. 134, for afull description)

NH1. Visibility of system status
NH2. Match between system and thereal world

NH3. User control and freedom
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NH4. Consistency and standards
NHS5. Error prevention

NH6. Recognition rather than recall
NH7. Flexibility and efficiency of use

NHS. Aesthetic and minimalist design
NH9. Help usersrecogniseerrors, diagnose and recover fromthem

NH10. Help and documentation

2.6.2 Norman’s “Seven Principles for Transforming Difficult Tasks into

Simple Ones”

Norman’s (1988, p. 188-189) seven principlesare:

N1. Useboth knowledgeintheworld and knowledgein the head.
N2. Simplify the structure of tasks.
N3. Makethingsvisible: bridgethegulfsof execution and evaluation.
N4. Get the mappingsright.
N5. Exploit thepower of constraints, both natural and artificial.
N6. Design for error.
N7. When all elsefails, standardise.
See Appendix C —Norman's “ Seven Principles for Transforming Difficult Tasksinto Simple

Ones’, p. 136, for afuller description of each principle.

2.6.3 Shneiderman’s “Eight Golden Rules of Interface Design”

Shneiderman’ seight golden rules(Shneiderman and Plai sant, 2004, p. 74-75) are:
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S1.

S2.

S3.

Strivefor consistency
Enablefrequent usersto use shortcuts

Offer informative feedback

HA. Designdiaogstoyield closure

S5. Offer error prevention and simpleerror handling

S6. Permit easy reversal of actions

ST7.

8.

Support internal locus of control

Reduce short-term memory load

See Appendix D —Shneiderman's*Eight Golden Rulesof InterfaceDesign”, p. 138, for a

fuller description.

2.6.4 The Cognitive Dimensions Framework

Green and Blackwell (1998) provideatutorial onthe Cognitive Dimension framework. They

exploreindetail thedimensionsthat are“lesspsychological” in character and mentionthe

others (p. 11):

Less psychological dimensions treated in the tutorial
Abstraction typesand availability of abstraction mechanisms
Hidden dependencies important links between entitiesare not visible

Prematurecommitment  constraints on the order of doing things

Secondary notation extrainformationin meansother than formal syntax
Viscosity resistanceto change
Vishility ability to view components easily
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Psychological dimensions not treated in the tutorial

Closeness of mapping closeness of representationto domain

Consistency similar semanticsare expressed in similar syntacticforms
Diffuseness verbosity of language

Error-proneness notation invites mistakes

Hard mental operations  high demand on cognitive resources
Progressiveevaluation work-to-date can be checked at any time
Provisionality degree of commitment to actionsor marks

Role-expressiveness the purpose of acomponent isreadily inferred

The next section chooses comparesthefour sets of guidelinesand choosesthe Cognitive

Dimensionsframework asthe most appropriate.

2.7 AComparisonofCognitive Dimensions, Nielsen’s Heuristics,

Norman’s Seven Principles and Shneiderman’s Eight Golden Rules

Asmentioned in section 2.6, p. 44, thereisadegree of consensus between the four
guidelines. Thenext sectionsdescribe each Cognitive Dimension (CD) inmoredetail
(Blackwell and Green, 2003, p. 115-118; Green and Blackwell, 1998, p. 12-41) and compares

each CD with the other guidelines. Table 5, p. 66, summarises these findings.

2.7.1 Abstraction

Nielsen Shneiderman Norman Cognitive Dimension

NH7 S2 N1 Abstraction

Flexibility and efficiency Enable frequent users to Use both knowledge in types and availability of

of use useshortcuts the world and knowledge  abstractionmechanisms
in the head.

Figure 11 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Abstraction
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Figure 11 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Green and Blackwell (1998, p. 24) statethat
An abstractionisaclass of entities, or agrouping of elementsto betreated asone
entity, either tolower theviscosity or to makethenotation moreliketheuser’s

conceptual structure.

Anexampleof abstractionistheuse of stylesinword processors. Stylesallow the user to
defineanew termtoredefinealonger seriesof definitionsinto one. For examplesettingall

level 1 headings to 24-point bold would require the user to find the next heading, select it, set
the sizeto 24, and set the style to bold. This can be defined as select “Heading 1” and set size
and style. Theword processor is abstraction tolerance because styles are not necessary for its
use (ibid.)

Abstraction hungry notationsrequireuserstolearn alarge number of existing abstractions
beforethey can get towork. Some programming languages could be considered asbeing

abstraction hungry. (ibid.)

Although using abstractions may savethe user work in the future (by making the notation
lessviscous), abstractions can be costly dueto
e abstractionsbeing hard to learn and to use

o theoverhead of creating, editing and maintaining the abstraction (ibid.)

Allowing theuser to create abstractions satisfies NH7 and S2. Abstractions may address N 1.

“experts... needto beabletointernaliseregul ar taskstoincreasetheir efficiency.”
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2.7.2 Hidden dependencies

Nielsen Shneiderman Norman Cognitive Dimension
Hidden dependencies
important links between

entities are not visible

Figure 12 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Hidden dependencies

Figure 12 shows athumbnail description of this Cognitive Dimension and thefact that it has
no related guidelines. Greenand Blackwell (1998, p. 17) defineahidden dependency as
arelationship between two componentssuch that one of themisdependent onthe

other, but that the dependency isnot fully visible.

Classic examplesare (ibid.)
HTML links: if your pageislinked to someoneelse’s.... how will you know if and
when that pageismoved, changed, or deleted?
Many links are fossils— out of date pointersto pagesthat have been deleted or moved.
Because checking linksis slow, the search cost for testing integrity of asiteisquite

high, sofossilsarelikely to increase over the years. (my emphasis)

Hidden dependencies may be
e one-way (showsonly thetarget) or symmetric (shows both source and target of a
dependency)
¢ local (only pointstoimmediatetarget) or distant (leadsto moredeeply nested target)
¢ hidden(not normally visible) or explicit (alwaysshowninthenotation’ snormal

viewing state)
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Abstractions may impose hidden dependencies(ibid., p. 19). Hidden dependenciesmay be a

Side-effect of low viscosity (ibid., p. 20)

2.7.3 Premature commitment

Nielsen Shneiderman Norman Cognitive Dimension
S7 Prematurecommitment
Support internal locus of constraints on the order of
control doingthings

Figure 13 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Premature commitment

Figure 13 showsathumbnail description of this Cognitive Dimension and itsrel ated

guideline. Greenand Blackwell (1998, p. 21) define premature commitment:
Constraintsontheorder of doing thingsforcethe user to makeadecision beforethe
proper informationisavailable.

Theauthorsdistinguish enforced |ookahead: this happenswhen the user must “look ahead in

away that iscognitively expensive’ (ibid.)

Blackwell and Green (1998, p. 116) givethe examplesof “being forced to declareidentifiers
t00 soon; choosing asearch path down adecision tree; having to select your cutlery before

you choose your food”

2.7.4 Secondary notation

Nielsen Shneiderman Norman Cognitive Dimension
Secondary notation
extrainformationin
means other than formal

syntax

Figure 14 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Secondarynotation
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Figure 14 shows athumbnail description of this Cognitive Dimension and thefact that it has

norelated guidelines. Greenand Blackwell (1998, p. 29) definesecondary notationas
Extrainformation carried by other meansthantheofficial syntax. Redundant recoding
gives aseparate and easier channel for information that isalready presentinthe
officia syntax [e.g. indentationin programs, grouping control sby function]. Escape
from formalismallows extrainformation to be added, not present inthe official
syntax. [e.g. commentsin programs, colour and formatting in spreadsheets)

Extensiveuseof secondary notation may increaseviscosity unlesstool sexist tosupportite.g.

automaticindentation facilities(ibid, p. 33).

2.7.5 Viscosity

Nielsen Shneiderman Norman Cognitive Dimension
Viscosity

resistance to change

Figure 15 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension
Viscosity
Figure 15 shows athumbnail description of this Cognitive Dimension and thefact that it has
norelated guidelines. Viscosity is(Greenand Blackwell, 1998, p. 12)
resistanceto change: the cost of making small changes.
Repetition viscosity [iswhere] asingle goal-related operation on the information
structure (onechange‘inthehead’) requiresan undue number of individual actions
[e.g. manually changing US spelling to UK spelling in along document]
Knock-on viscosity [iswhere] onechange‘inthehead’ entailsfurther actionsto
restore consistency [e.g. inserting anew figureinto adocument requiresupdating all
subsequent figure numbers, cross-referenceswithin thetext and also thelist of figures

and index]
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Interestingly, the authors (ibid., p. 13) note that
Editing adrawing usualy requiresmuch tediouswork, and frequently many similar
alterations need to be madeto different partsof the picture; automation tools,

desirable asthey might be, are not yet commercially available.

2.7.6 Visibility

Nielsen Shneiderman Norman Cognitive Dimension
NH1 S3 N3 Visibility

Visibility of system status  Offer informative Make things visible: ability to view

feedback bridge the gulfs of componentseasily

execution and evaluation.

Figure 16 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the CognitiveDimension
Visibility
Figure 16 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Visibility (Green and Blackwell, 1998, p. 34) isthe
ability to view components easily
Juxtaposability [isthe] ability to place any two components side by side.
Highvisibility isrequiredfor exploratory activitiesand may beuseful for sometranscription

activities (Green and Blackwell, 2003, p. 116)

Poor visibility canaffect direct manipulationinterfaces. if auser cannot seesomething, the

user cannot manipulateit.

Juxtaposability isneeded when auser i stranscribing datathat needsto be consistent: the user

must be ableto place components next to each other in order to check and/or copy data

and/or formats. (Green and Blackwell, 1998, p. 36)
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Thethreeother guidelinesall mentionvisibility. Norman statesthat systemsshouldallow the
user to seewhat commands are possibleand check the effect of any commands executed

(feedback). Niel senand Shnei derman emphasi sesystemrespons venessand feedback.

2.7.7 Closeness of mapping

Nielsen Shneiderman Norman Cognitive Dimension

NH2 N1 Closeness of mapping

Match between system Use both knowledge in closenessof

and the real world the world and knowledge  representation to domain
in the head.

Figure 17 Comparison of guidelinesby Nielsen, Shneider man and Norman with the Cognitive Dimension

Closeness of mapping

Figure 17 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Green and Blackwell (1998, p. 39) define closeness of mapping as “ closeness of
representationtodomain”. They citethevisual programminglanguage, LabVIEW, ashaving
good closenessof mapping. LabVIEW usestheideaof acircuit diagramto minimisethe

number of new conceptsthat el ectronic engineersneed to learn.

However, there are some well-known pitfalls of using ametaphor (Dix et al., 2004, p. 170)
for user interfaces: theanal ogy can beinadequate or misleading, and might not havethe same
meaning across cultures. Pirhonen (2005) statesthat frequently cited examplesof metaphor
arein fact simulations, e.g. push buttons on a screen imitate (simulate) the action of real-life

physical buttons.

Nielsen’ ssecond heuristic refersto the need for agood match between the system and the

user’ sworld. (NH2: Match between system andthereal world. “ Thesystem should speak the
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user’ slanguage, withwords, phrasesand conceptsfamiliar totheuser, rather than system-

oriented terms. Follow real-world conventions”)

Norman’ sfirst principlerecommendsthat systemsbedesigned to enable usersto build an
appropriate mental model. (N1: Useboth knowledgeintheworld and knowledgeinthehead.
“...systemsshoul d providethenecessary knowledgewithintheenvironment andtheir
operation should betransparent to support theuser in building an appropriate mental model

of what isgoing on.”) Norman (1988, p. 70-72) explainsthat mental modelsallow usersto
understand asystem and predict itsbehaviour, evenif that understanding is inadequate or
wrong (ibid., 68-69). Good mental model suseknowledgethat usersaready have, and are

henceeasier to learn. (Dix et al., 2004, p 261)
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2.7.8 Consistency

Nielsen Shneiderman Norman Cognitive Dimension
NH4 S1 N7 Consistency
Consistency and Strive for consistency in When all elsefails, similar semanticsare
standards action sequences, layout, standardise. expressedinsimilar
terminology, command syntactic forms

use and so on.
Figure 18 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Consistency
Figure 18 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Consistent notationsexpress*“similar sesmantics... in similar syntactic forms’

(Green and Blackwell, 1998, p. 39).

All guidelinesrecognisetheimportanceof consistency for easeof learningand memorability.
Nielsen observesthat inconsistent interfaces can confuse users (NH4). Shneiderman (S1)
notesthat consistency should apply not only toterminology and actions, but alsoto layout,
command use and other system properties. Norman (N7) notesthat if amapping needsto be
arbitrary, it should follow any existing standards: thereisno natural or logical layout for car
controls, soit makessensetofollow existing standardsfor theaccel erator, brake, clutchand

steering.

2.7.9 Diffuseness

Nielsen Shneiderman Norman Cognitive Dimension
NH8 8 N2 Diffuseness
Aesthetic and minimalist Reduceshort-term Simplify the structure of verbosity of language
design memory load: Displays tasks

aresimple.

Figure 19 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Diffuseness
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Figure 19 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Diffuselanguages are verbose. Long-winded names are usual ly harmless, but can
bebadfor exploratory activitiesasthecaninterferewith working memory. However,

terseness can increase error-proneness (Green and Blackwell, 1998, p. 39-40).

Nielsen (NH8) recognisesthat irrelevant or rarely neededinformation competeswith the
relevantinformationand diminishestherel ativevisibility of relevant information.

Shnelderman (S8) a so recommendsthat display bekept smple —thisit to reduce the load on
short-termmemory. Norman al so acknowl edgesthelimitationsof short-term memory: he

recommendsthat unnecessarily complex tasksberestructured (Norman, 1988, p. 191)

2.7.10 Error-proneness

Nielsen Shneiderman Norman Cognitive Dimension
NH3 S5 N5 Error-proneness

User control and freedom  Offer error prevention Exploit the power of notationinvites mistakes

and simple error handling  constraints, both natural
NH5 and artificial.
Error prevention S6
Permit easy reversal of N6
NH9 actions Design for error
Help users recognise
errors, diagnose and

recover from them

Figure 20 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Error-proneness

Figure 20 showsathumbnail description of thisCognitive Dimensionanditsrelated
guidelines. Error-pronenotationsinvite mistakes. Thesecan either be slips or errors
(Blackwell and Green, 2003, p. 116). Presumably error inthiscontext hasthe same meaning
asNorman’s (1988, p. 114) mistake. Norman (1988, p. 106) definesa dlip as an error

resulting from alack of attention or concentration. A typical dipisauser forgettingwhich
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mode they arein (ibid., p 110), for exampleauser of aspreadsheet attempting to savewhenit
is, infact, in “edit formula’” mode. A mistakeisaresult of auser choosing inappropriate goals
(ibid., p. 114). For example, anaive BASI C programmer may mistakethe PRINT statement
assending output to aprinter, wheninfact it displaysoutput on ascreen (although, in fact,
theprogrammer may well havebeenrightif usingavery old BASIC systemwith ateletype

device.)

All of theother guidelinesmentionerror: error messageswithrecovery informationaregood,
but preventing errors happening inthefirst placeis even better. Thiscan be expressedin
dightly differentways: e.g. Normanimplicitly addressesthi swith mappingsand constraints

(N5) that prevent dlips and mistakes.

2.7.11 Hard mental operations

Nielsen Shneiderman Norman Cognitive Dimension
NH6 8 N2 Hard mental operations
Recognition rather than Reduceshort-term Simplify the structure of high demand on cognitive
recall memory load tasks resources

Figure 21 Comparison of guidelines by Nielsen, Shneider man and Nor man with theCognitiveDimension

Hard mental operations

Figure 21 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Hard mental operations placea
high demand on cognitiveresources. A notation can makethingscomplex or difficult
towork out inyour head, by making inordinate demands on working memory or by

requiring deeply nested goal structures (Blackwell and Green, 2003, p. 117)
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Theother guidelinesrecogni se that relying on recognition reduces demands on memory
(NH6). Irrelevant information can burden the user’ s short-term memory (S8). Norman

suggeststhat unnecessarily complex tasksberestructuredtosimplify them(N2).

2.7.12 Progressive evaluation

Nielsen Shneiderman Norman Cognitive Dimension
S3 Progressiveevaluation
Offer informative work-to-date can be
feedback for every user checked at any time
action, at alevel

appropriate to the
magnitude of the action.

7}
Design dialogs to yield

closure
Figure 22 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

ProgressiveEvaluation

Greenand Blackwell (1998, p. 40) define progressive eval uation asthe ability to check work-
to-dateat any time. Blackwell and Green (1998, p. 40) statethat eval uationisimportant for
designand notational systemscan help by allowing usersto stopinthemiddleto check work
sofar, keep track of progress, or check what stagethey are at. The authors cite BASIC asin

interpreted programming languagethat letsuserstry out partially-completed programs.

Shneiderman addressesthis(S3) asfeedback for every user action. However, somenotations
required agoal to be broken into anumber of user actions before the user can evaluate the
successof theactions. Shneiderman’ sfourth goldenruleaddressesthistoanextent, butis
focused ondialogs. The CD framework attemptsto takeinto account moregeneral versions

of delayed gratification.
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2.7.13 Provisionality

Nielsen Shneiderman Norman Cognitive Dimension
S6 Provisionality
Permit easy reversal of degree of commitment to
actions actions or marks

Figure 23 Comparison of guidelines by Nielsen, Shneider man and Nor man withtheCognitiveDimension

Provisionality

Figure 23 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Provisionality isthe* degree of commitment to actionsor marks’. Evenif there
areconstraint ontheorder of doing things, somenotationsallow the user to record sketchy

ideas, design options and play what-if games. (Blackwell and Green, 2003, p. 117-118)

Shneiderman (S6) mentionseasy reversal of action: thiscan interpreted as allowing
explorationandtaking provisional actions. However, someprovisional actionsdonot needto

bereversed, merely allowed to be sketchy and incompl ete.

2.7.14 Role-expressiveness

Nielsen Shneiderman Norman Cognitive Dimension
NH4 Sl N3 Role-expr essiveness
Consistency and Strive for consistency Make things visible: the purpose of a
standards bridge the gulfs of component is readily

execution and evaluation.  inferred

N4
Get the mappings right.

Figure 24 Comparison of guidelinesby Nielsen, Shneider man and Nor man with the Cognitive Dimension

Role-expressiveness

Figure 24 showsathumbnail description of this Cognitive Dimension and itsrel ated
guidelines. Role-expressive notations makeit easy to discover why an author hasbuilt a

structureinaparticular way (Blackwell and Green, 2003, p. 116). Whenauser isreadinga
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role-expressivenotation, itiseasy to break the notationinto itscomponent parts, and pick out
rel ationshi psbetween those parts (Green and Blackwell, 1998, p. 41). It may beeasy or
difficult to perceive how aset of origami diagram may been built: it dependsonthe

notational system being used.

Norman (N4) statesthat systems should makeit “ clear what does what and by how much.”

Consistency may help (NH4).

2.7.15 Guidelines not presentinthe Cognitive Dimensions
framework

Nielsen Shneiderman Norman Cognitive Dimension

NH10

Help and documentation

Figure 25 Guidelinesby Nielsen, Shneider man and Nor man that arenot present in theCognitive

Dimension framework

Only Nielsenspecifically mentionsdocumentation (NH10).

2.8 Unique features of the Cognitive Dimensions framework

TheCognitive Dimensionsframework usesanumber of conceptsthat donot explicitly

appear in other guidelines (Hidden dependencies, Secondary notation and Viscosity).

Furthermore, the Cognitive Dimensionsframework classifies theimportance of each

dimension according to activity (Table 4):
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incrementation adding cardsto acardfile; formulasto a spreadsheet, or
statementsto aprogram

transcription copying book detailsto anindex card; converting aformulainto
Spreadsheet or code terms

modification changing theindex termsinalibrary catalogue; changing the

layout of aspreadsheet; modifying aspreadsheet or programto
compute adifferent problem
exploratory design sketching; design of typography, software, etc; other caseswhere

thefinal product cannot be envisaged and hasto be* discovered”

searching hunting for aknown target, such aswhereafunctioniscalled
exploratory discovering structure or algorithm, or discovering the basis of
understanding. classification

Table4 Thesix typesof activity in the Cognitive Dimensionsframewor k (Green and Blackwell, 2003, p.

113, table5.1)

For example, “ secondary notation” may beuseful for transcription, butisconsidered very

harmful for exploration. (Green and Blackwell, 1998, p. 42)

Another practical featureisthat the CD framework makesexplicit workarounds, remedies

and design trade-offs.

Themaindrawbacksof Heuristic Evaluation arefal sepositivesandthefact that genuine
usability problems are sometimes missed (L aw and Hvannberg, 2004, p. 243). These

drawbacks areimportant but are sidestepped in this project. The drawbacks happen when
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evaluatorsare noviceswho are applying the heuristicsto aprogram that do not know.
However, for thisproject, evaluatorsarerating the usability of aprogramthat they do know.
They arenot using heuristics: they are using achecklist of usability criteriathat have been

customised for thedomainthat they know (thedomain of making origami instructions.)

2.9 Evaluation using the Cognitive Dimensions framework

Blackwell and Green (2003, p104-106) claim that the CD framework

o Offersacomprehensible, broad-brush evaluation (no “ death by detail”)

e Usestermsthat arereadily comprehended by non-specialists

o Isapplicablenot just tointeractive devices, but also to paper-based notations and
other non-interactiveinformation systems e.g. timetables

o Istheoretically coherent

o Distinguishesbetweendifferent typesof user needs(suchasthedifferencebetween
dictation tasks and design tasks)

o Frequently reveasavariety of interesting design choices

o Describestrade-offs between design choices, showing how solving onetype of user

difficulty may createadifferent type

Roast et al. (2004) reported that the use of Cognitive Dimensionsfound two significant

usability problemsthat were missed by Contextual Analysisand Ontological Sketch

Mapping.

Blackwell and Green (2000) describethe methodol ogy behind the use of aquestionnaireto
evaluate systemsusing the Cognitive Dimensionsframework. They trialled the questionnaire

with programmersranging fromnoviceto (mostly) expert. Systemseval uatedincluded
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programminglanguages(C++/Emacs, LaTeX, Oracleprocedural SQL and Mathematica) and

musi ¢ typesetting languagessuchasPM S, Calliopeand Finale. (ibid., p. vii)

Unfortunately theoriginal CD questionnairewoul d havetakentoo longwithmy target
population, whether usedinaninterview or unsupervised (Theformer took 35 — 60 minutes,
thelatter daysor severa weeksto return, ibid., p viii). Moreover, itisunlikely that the target
population would have had the motivation to compl ete such an open-ended questionnaire, nor
theability tointerpret theterminol ogy and questions. Thisisdespiteclaimsthat CD “terms
arereadily comprehended by non-specialists’ (Blackwell and Green, 2003, p104-106)
Thereforeeach questioninthe CD questionnaire hasbeen replaced with astatement that a

subject could agree or disagree with (Table 6, p. 68)
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Nielsen
NH7
Flexibility and efficiency

of use

NH1
Visibility of system status

NH2
Match between system
and the real world

NH4
Consistency and

standards

NHS8
Aesthetic and minimalist

design

Tung Ken Lam R4879389

Shneiderman
2
Enable frequent users to

useshortcuts

S7
Support internal locus of

control

S3
Offer informative
feedback

S1

Strive for consistency in
actionsequences, layout,
terminology, command
use and so on.

S8

Reduceshort-term
memory load: Displays

aresimple.

Page 65 of 213

Norman

N1

Use both knowledge in
the world and knowledge
in the head.

N3

Make things visible:
bridge the gulfs of
execution and evaluation.
N1

Use both knowledge in
the world and knowledge
in the head.

N7

When all elsefails,

standardise.

N2
Simplify the structure of

tasks

Cognitive Dimension
Abstraction
types and availability of

abstractionmechanisms

Hidden dependencies
important links between
entities are not visible
Prematurecommitment
constraints on the order of
doingthings
Secondary notation
extrainformation in
means other than formal
syntax

Viscosity

resistance to change
Visibility

ability to view

componentseasily

Closeness of mapping
closenessof

representation to domain

Consistency
similar semanticsare
expressedinsimilar

syntactic forms

Diffuseness

verbosity of language
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Nielsen
NH3

User control and freedom

NH5

Error prevention

NH9

Help users recognise
errors, diagnose and
recover from them

NH6

Recognition rather than

recall

NH4
Consistency and

standards

NH10

Help and documentation

Shneiderman
S5
Offer error prevention

and simple error handling

S6
Permit easy reversal of

actions

S8

Reduceshort-term
memory load

3

Offer informative
feedback for every user
action, at alevel
appropriate to the

magnitude of the action.

A

Design dialogs to yield
closure

S6

Permit easy reversal of
actions

S1

Strive for consistency

Norman

N5

Exploit the power of
congtraints, both natural

and artificial.

N6

Design for error

N2
Simplify the structure of

tasks

N3
Make things visible:
bridge the gulfs of

execution and evaluation.

N4
Get the mappings right.

Cognitive Dimension
Error-proneness

notation invites mistakes

Hard mental operations
high demand on cognitive
resources
Progressiveevaluation
work-to-date can be

checked at any time

Provisionality

degree of commitment to
actions or marks
Role-expr essiveness
the purpose of a
component is readily
inferred

Table5 : Common featuresof Nielsen’sHeuristics, Shneider man’sGolden Rules, Nor man’s Seven

Principlesand Cognitive Dimensions
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Cognitive Dimension

Abstraction
types and availability of

abstractionmechanisms

Hidden dependencies
important links between

entitiesare not visible

Premature commitment
constraints on the order of

doing things

Secondary notation
extrainformation in means
other than formal syntax
Viscosity

resistance to change

Visibility

ability to view components

easly

Tung Ken Lam R4879389

Statementsbased on the CD questionnair € sopen
question(s)

1. | can define new terms (e.g. definition of arrow heads,
named styles and colours) which allows meto expressmy
ideas more clearly.

2. | haveto define new terms before | can do anything else
(e.g. names of variables)

3. Some parts of the program are related to another:
changing one part may affect others. | can usually see
these kinds of dependencies (e.g. effect of changing a
named style or colour; effect of inserting anew step on
step numbering)

4. Asthedocument getslarger, problemswith dependency
get bigger.

5. | can order thediagramming tasksinany way | like (e.g.
start with final drawing; add/edit |abelsand captionsto
steps at any time)

6. | need to plan and think ahead before starting to work.
7. 1 can make notes to myself that are separate from the
origami instructionse.g. usecomments, colours,
formatting, etc

8. | can easily make changesto previous work.

9. Somekindsof changesthat areimportant are more
difficult to make than they should be.

10. | can easily find the parts of the diagram that | am
interested in whilst it isbeing created or changed.

11. When | need to compare/combinedifferent partsof the

diagrams, | can seethem at the sametime.
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Cognitive Dimension

Closeness of mapping
closeness of representation to

domain

Consistency

similar semanticsare expressed
insimilar syntactic forms
Diffuseness

verbosity of language
Error-proneness

notation invites mistakes

Hard mental operations
high demand on cognitive

resources

Progressiveevaluation
work-to-date can be checked at

any time

Provisionality

degree of commitment to
actions or marks
Role-expressiveness

the purpose of acomponent is

readily inferred

Statementsbased on the CD questionnair € sopen
guestion(s)

12. The programworksin away that closely mapsto how
diagrams work.

13. Therearepartsof the program which seem particularly
strange for origami diagramming.

14. Thingsthat are similar are presented in similar ways
(e.g. squares, rectanglesand polygonscan al beeditedin
similar ways; program asksfor input in similar ways)

15. Theprogram letsme make diagrams reasonably briefly
(not long-winded)

16. It iseasy to make mistakes.

17. 1 often find myself making small dlipsthat irritate
me/make mefeel stupid.

18. | sometimes need to work things out in my head that
are complex or difficult.

19. Thereare sometasksthat makeinordinate demands on
my memory or are long-winded.

20. It iseasy to stop and check the diagramsinthe middle
of completion.

21. | can check the work at any time.

22. | cantry out partially-completed versions of
instructions.

23. | can sketch out thingswhen playing with ideas, or

when I’ m not sure how to proceed.

24. | can easily tell what each function/feature of the

programisfor.

Table 6 Questionnaire statementsfor Cognitive Dimensions

Tung Ken Lam R4879389
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2.10Summary

Thischapter introduced HCI asafield. It defined usability and described different typesof
eva uation methods. Two methodswere selected asappropriateto thisproject: expert

evaluationusingthe Cognitive Dimensionsframework and ausability questionnaire.

Thenext chapter describesthedesign of theusability questionnaireand presentstheresuilts.
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3 Initial Questionnaire

Twoevaluationmethodsweresel ectedinthepreviouschapter: expert evaluationusingthe
CognitiveDimensionsframework (describedin Chapter 4) and ausability questionnaire. This
chapter discussesthe design and result of theinitial questionnaireto gather opinionsabout
existing practiceand theusability of software. (Chapter 7, p. 119, presentsthe results of a
second usability questionnaire that focuses on the prototype implementation of aredesigned

interface.)

3.1 Aims of the questionnaire

Thegenera aim of thequestionnaireisto gather users’ opinionsonthe usability of the
softwar e that they use, not the abilities of the user. However, the user isan important
variable, asarethemethodsthat the user choosesto accomplishtasksinthesoftware. For
example, when using avector drawing program auser may chooseto either draw by eye
only, or trace photographs inthe software, or construct diagramsusing toolssuch asscaling,

rotation, perspective grids, etc. — some methods areinherently more usabl e than others.

Theexpertiseof the user may affect theresult of evaluation: anoviceislikely tofindan
origami-oriented programming languagelike Doodleor Oridraw hardto useandlearn, but an
expert may beskilled and extremely productive. Alternatively, anovicemay find avector
drawing programinitially easy to use, but may “plateau” in productivity until he or she gains
sufficient experienceto usemoreadvanced toolsand techniques(e.g. auser may findit

difficulttoaccurately positionand align objectsunlessthey usea“ Snapto Point” feature).
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3.2 The Design Rationale

Thequestionnairewasdesigned to gather dataonthefirst four objectiveslistedin Chapter 1.
These were:

e Which softwareis used?

e What qualitiesshould“good diagrams’ possess?

e How well isthe software used?

e Which approaches are most fruitful ?

Preece et al. (2003, p. 171) point out that there are many interpretationsof the* users’ of a
system. Besidesthose who usethe system directly, therethosewho

e Managedirect users

e receiveproductsfrom the system

o Test the system

e Makepurchasingdecisions

o Use competitiveproducts

I initially aimed my questionnaireat peoplewho makediagrams. However, given Preece et
al.’sinsight, | added asectionfor thosewho“ receive productsfromthe system” . Jackson
(1989) criticised computer diagramsasbeing cold and lifeless. Lang (1989c) defended his
position: “ Theadvantage of thecomputer isnot that it makesit easier for the diagrammer to
draw diagrams, but that it makesit easier to draw good ones’. Hethen mentionsthe shortage
of diagrammers and that the “ mechanical approach hasthevirtuethat lessartistic ability is

required to produce acceptabledrawings.”
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Later, Lang (2000, p. 30) wrote
Of course, thegreatest change[since 1990] hasbeen thewidespread adoption of
computer-aided origami diagramming (CAOD). Hard to believe, but in 1990, CAOD
washighly controversial: now itisthe standard. It hasbrought theability to draw

reasonable-quality diagramsto virtually anyonewith the desireto diagram.

Thereforeit seemed sensibleto make sure that computer diagrams did not repel potential

readers of diagrams.

Comparing conventional and computer methodsfor thesamerespondent will show which
activitiesare made easier by using acompuiter, if any —equally, there may betasksthat are

made more difficult. Thiswill highlight the activitieswhere usability could beimproved.

Preece et al. (2003) and Dix et al. (2004) both provide similar advice on using questionnaires
to gather user opinion.
o Prefer closed questions to open-ended ones, both to ease burden on users and to ease
anaysis
o Designiscritical to getting agood response
e Structurethequestionnairefor logical order and ease of use
o Trytoget asamplethat isrepresentative of the popul ation —however, “in practice
questionnaire respondents are self-selecting, anyway” (Dix et al. 2004, p350)
o Pilotwith4 or 5usersto check comprehensibility, resultsare asexpected and can be

used asintended
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3.3 Contents

The questionnaire (Appendix G —Initial Questionnaire, p. 157) was divided into three
sections:

o Genera background, experienceand origami questions, including opinionsabout the
qualities of good diagrams (based on Lang’ s (2000, p2-5) ten guiding principlesfor
diagramming)

o Conventiona diagramming: questionsdrawn from Cunliffe (1988; 1989a, b)

¢ Computer diagramming: questionsdrawnfrom QUI S, theQuestionnairefor User
I nteraction Sati sfaction (Shneiderman and Plai sant, 2005, p.153-161)

Appendix F —Redesign of Initial Questionnairebased on Pilot Study Questionnaire, p. 152,

detail stheredesign based on theresults of the pilot version.

3.4 Distribution

Paper versionsof the questionnaireweredistributed at the BOS (British Origami Soci ety)
Convention, Nottingham, on Sunday, 10 April. | received around adozen compl eted
guestionnairesontheday. A coupleof subjectskindly sent their responsesby post.

| then posted announcementsto three email discussion groups devoted to origami: origami-I,
BOSmail and paperwonders. | posted Microsoft Word and RTF (richtext format) versionsto
aweb site. Thisgenerated about twenty moreresponsesover thefirst week. Moreresponses

camewhen | made HTML and text-only versionsavailable.

3.5 Results

My electronicinvitationtomailinglistsgenerated about 18 further responses. Intotal there
were35responses. 22 areconventional diagrammersand 22 arecomputer diagrammers. 16
gaveinformation on both methods. See Appendix K —Results of Initial Questionnaire, p.
190, for results.
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Subjects have agood range of experience:

Y earsof interest in origami ranged from 2to 50 years (mean 23 years, modeand
median 20 years)

Y ears of conventional diagramming ranged from 1to 36 years (mean 15 years, mode
and median 10 years)

Y earsof computer diagramming rangedincludes1to 15years(mean 6 years, mode
and median 3 years)

Output ranged from personal and limited to self-publishers (including internet) and

professiona authors

However,

Themajority of subjectsare male (78%) and the percentageiseven higher for
diagrammers(between 80to 100% mal e, depending onthemethod). Thismay reflect
the relative dearth of female diagrammers: in arecent BOS publication, just 13% of
contributorswere female (British Origami Society, 2005).

Therearevery few subjects under 18 — again this may reflect reality (see Figure 26)

under 18
3% 18-34

50+
39%

35-49
44%

Figure 26 Piechart of respondentsby age category
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3.5.1 Qualities of good diagrams

Other

Concise

ShadingPaperSides

ShowMultipleLayers

DistortForClarity | Strongly

Disagree

. . [ Disagree
SingleStepPerDrawing

W Neither
Agree nor

DontDangle Disagree

O Agree
ArrowsForMotion

W Strongly
Agree

LetterimportantFeatures

TextStandalone

DrawingStandalone

StandardSymbols

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 27 Bar chart of responsesfor qualitiesof diagrams

Figure 27 showswhich of themodified set of Lang'sguiding principlesfor diagramming

respondents consideredimportant or unimportant.
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Themost important principleswhichvirtually all subjectsagreed withwere
e Don'tDangle(L7)
e Standard Symbols(L1)
e Arrow for Motion (L6)
Thenext most important principlesarethosewhere most subjectsagreed but afew were
neutral (nonedisagreed):
¢ Shading Paper Sides (question 15)
e Show Multiple Layers(L10)
e Drawing Standalone(L2)
¢ Concise(question 16)
Theleast important principles were
o Letter Important Features (L4)
¢ Single Step Per Drawing (L8)
o Distort For Clarity (L9)
Subjectsonly disagreed about one principle:

e Text Standalone (L3)

3.5.2 Overall Ease of making origami instructions

Questions 30 to 38 asked respondentsto rate different types of programsfor ease of making
origami instructions. Respondentsanswered for boththeir current main programandany
othersthat they haveused. Thereforetherearelikely to bemorenegativeratingsaspeople
may have tried anumber of unsatisfactory programsbeforefinding onethat they feel isbest

for them.
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Table 7tabulatesindividual responseswhereeach | etter representsanindividual respondent.
Vector program received the best ratings by far. General programs like Microsoft Word or
PowerPoint received theworst ratings. Therewerefew, if any, usersof the other program
types, whichmeansconclusiveanalysisisimpossible. However, nonefared particul arly well.

One user rated agraphicstablet as Easy in the “ Other” program type.

Ease of %
; = B o
making g 3 5
- g 8, & 1
origan S s s8¢ £f §E
e B ) S IREI
nstruction = S == = <
INSHTUCH > o S 56 OFE o 30 06 5
Easy 1 jklqgrz i |
2 cst g d
Neither 3 mmopu a gs H bce
4 cenpq i S t f
Difficult 5 bfisuv g c S S

Table 7 Individual responsesfor ease of making origami instructionsfor different typesof programs
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3.5.3 Vector drawing programs

Of the22 computer diagrammers, themaj ority choseavector drawing program (e.g.

Freehand, Illustrator, Corel DRAW! and Serif Draw Plus4.0) astheir mainprogram (Table 8

and Figure 28)
Number of Program type % of computer
subjects diagrammersusing

asmain program

13 Vector 58%
3 Bitmap 13%
3 Generd 14%
1 CAD 5%
1 Programming 5%
1 Specialist 5%

Table 8 Popularity of different program typesfor diagrammingwith acomputer

Specialist 5%
Programming 5% W
CAD 5%

General 14%

Vector 58%

Bitmap 13%

Figure 28 Piechart showingthepopularity of different program typesfor diagrammingwith acomputer
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Inadequate
Terrible  Frustrating Dull Difficult Power Rigid

1

2 K t k r

3 c kn

4 cno not chogsu I mgs pu kp

5 kps nsu knr ou 0Ss cnosu

6 jrt cj pr I jnprt cj nr j nt

7 | mu I g ip | qt I g
Adequate

Wonderful ~ Satisfying  Stimulating Easy Power Flexible

Table 9Individual QUI Sresponsesfor vector drawing program users
Table 9 shows each subject’ sresponsesin the grid —each letter represents an individual
respondent. Noneof theindividual QUISquestionsreceived anegativeratingfrommorethan
two of the vector program users. Of the four subjects who gave negative responses, only
subject “k” gavemorethan onenegativeresponse. Giving appropriateweight tothe
proportion of positive, neutral and negativeratingsshowsthat subjectsfelt vector drawing
programs are

o Wonderful

e Have adequate power (one subject disagreed).

o Satisfying (two subjectsdisagreed)
Theusersfelt that theprogramsallowedthemtofulfil their goalsinapleasant manner. Three
usersspecifically mentionedtheability todefinenamed stylesasaval ued feature. Several

praised their program'’ sprinting quality and flexibility of layout.
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Vector drawing programswererated, to aslightly lesser extent than thethree aspects
mentioned above, as:

o Flexible(lessstrong agreement)

o Not particularly dull nor stimulating (six neutral)

o Fairly easy (lessstrong agreement)
Supporting commentsmentioned somedifficulty incustomisinglinestylesanddifficulty in
editing graphicobjects. Thismay explainthelack of stimulationandrangeof responsesfor

ease of learning and ease of use.

Comparing Easeof Diagrammingfor vector userswiththeir experienceof conventional
diagramming showsthat whilst onesubject felt all stagesbecameeasier (subject 26), some

felt that some stages became harder.

For vector users, therewasratio of about 10:1 between the fastest and slowest self-reported
estimatesof diagrammingthetraditional craneand cup. Thosewith5 or moreyears
experienceclaimedtimesbetween 0.5 and 1 hour. Thosewithlessthan 5years' experience

estimated between 1 — 4 hours (mean 2.4 hours)
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3.5.4 General programs

Only three usersused thisastheir main diagramming program. Two used Microsoft Word

and one Microsoft PowerPoint.

Inadequate
Terrible  Frustrating Dull Difficult Power Rigid
1
fg fg f g 9
2
e efg g
3
e e e f
4
5
e
6
f
-
Adequate
Wonderful ~ Satisfying  Stimulating Easy Power Flexible

Table 10 Individual QUI Sresponsesfor general program users

Table 10 showsthat therewaslittle positivefeeling about any aspect. M ost agreed that their
programwasterrible, frustrating, dull and difficult. Thereweremixed opinionsabout
adequacy of power andflexibility. Thesearereflected in comments about lack of power (line

stylesand curves) and control (e.g. editing angles).

Thesethreeusers' not particularly positiveratingsarematched by thegenerally negative

ratingsfor General programsin Table 7. However, given the small number of users, any

conclusive analysisisnot possible.
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3.5.5 CAD program

Only oneuser used thisastheir main diagramming program. The subject wasneutral about

thelevel of power but felt the program wasfairly rigid. However, hedid praisetwo features:
e very accurate - can be used to check angles

o scale, moveand copy facilitiesare easy

Inadequate
Terrible  Frustrating Dull Difficult Power Rigid
1
d
2
3
d
4
5
6
7
Adequate
Wonderful — Satisfying  Stimulating Easy Power Flexible

Table 11 Individual QUISresponsesfor CAD user
Table 7 showsthat fiverespondentshaveused CAD programs. Theseresponseswere mixed:
onedlightly easy, two were neutral, one dlightly difficult and onedifficult. However, given

the small number of users, any conclusive analysisisnot possible.
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3.5.6 Bitmap painting programs

Only threeusersused thisastheir main diagramming program. Thetwo that used Microsoft

Paint gave the QUIS ratings summarised in Table 12:

Inadequate
Terrible  Frustrating Dull Difficult Power Rigid
1 b
2 b
3 B 3l Al
4 a a b b
5 b a
6
7
Adequate
Wonder ful Satisfying ~ Stimulating Easy Power Flexible

Table 12 Individual QUI Sresponsesfor bitmap painting program users
Table 12 showsthat therewasno strong feeling about any particular aspect, only that Paint
had inadeguate power. Theinadequate power isreflected in comments about the effort
required to achieve basic goalse.g.
e Thereareno labour-saving tools, apart from being ableto copy the previous step to
act asthe basis of the next step

¢ | havetodraw every damned dot, dash and arrowhead myself.

Thisrespondent al so mentioned the problemsof bitmapped graphicsneedingtobelargein
order to get therequired level of detail. He mentionsthe knock-on problem of either using

large uncompressed disk filesor smaller JPEG filesthat can beblurry.
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Table 7 showsthat therewas one other respondent who had used bitmap painting programs
Thisrespondent, and the two who responded in Table 12, were neutral about ease of making

diagrams. However, given thesmall number of users, any conclusiveanalysisisnot possible.
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3.5.7 Specialist program

Only one user used thisastheir main diagramming program. Table 13 shows that this user

was mildly positive about Microsoft Visio.

Inadequate
Terrible  Frustrating Dull Difficult Power Rigid
1
2
3
i i i
4
5
i i
6
7
Adequate
Wonderful ~ Satisfying  Stimulating Easy Power Flexible

Table 13 Individual QUI Sresponsesfor specialist program user

Table 7 showsthat therearetwo other respondent who have used specialist programs: both
wereneutral. Therespondent who used Visio ashismain program rated it aseasy to make
origami diagrams. However, giventhesmall number of users, any conclusiveanalysisisnot

possible
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3.5.8 Programming

Only one user used thisastheir main diagramming program. Table 14 shows that the subject
was neutral about terrible/wonderful, dull/stimulating and difficult/easy. Thismay bedueto

thelack of direct manipulation (* nofreehand drawing” wasanegativeaspect).

Hewasvery positiveabout the power and flexibility to producediagramsinasatisfyingway,

commenting that the* special origami features’ werethemost positiveaspect of hisprogram.

Inadequate
Terrible  Frustrating Dull Difficult Power Rigid
1
2
3
h h H
4
)
6
h h h
;
Adequate
Wonderful  Satisfying  Stimulating Easy Power Flexible

Table 14 Individual QUISresponsesfor programming user

3.6 Summary

Thischapter describedthedesign of theusability questionnaireand presenteditsresults. The
next chapter comparestheseresultswith my evaluationusingthe Cognitive Dimensions

framework.
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4 Evaluation using the Cognitive Dimensions Framework

Two evaluation methods were selected in Chapter 2, namely expert evaluation using the
CognitiveDimens onsframework and ausability questionnaire. Thepreviouschapter
discussed thedesignand resultsof theusability questionnaire. Thischapter describesthe
expert evaluation using the Cognitive Dimensions Framework whichwasintroducedin
section 2.6.4, p. 47.

| start by selecting benchmark tasksand software. | then describetheresultsof theexpert
evaluation, includingacomparison with theoutcomesof theusability questionnaire to see if

therespondents agree with the expert eval uation.

4.1 Benchmark Tasks

A number of benchmark taskswere selected for eval uating the programs:
e Pureland origami (smplevalley foldsonly): traditional cup
o Origami withreversefolds: traditional crane (acommon benchmark task inthe
literaturee.g. Fisher (1994) and Miyazaki et al. (1996))
¢ Huzitaaxioms: the6 fundamental typesof fold. Thereare 7 axiomsif Huzita:
Hatori axiomsare used: Hatori (n.d); Lang (2005a).
¢ Individual folding procedurese.g. squashfold, rabbit ear fold, swivel, crimp, sink,

etc

4.2 Benchmark Software

Thefollowing software was selected for eval uation:
¢ MacromediaFreehand
¢ Microsoft Word

o Cabri
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e Doodle
e Miyazaki’ sorigami simulator

e Nimoy’sJavaOrigami

Thesearereasonably easily availableprograms. Theinitial usability questionnairegathered

opinions on thisand other software.

Thefollowing sections describe each program. The programs are rated on each Cognitive

Dimension described in section 4.3, p. 95.
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4.2.1 Freehand —vector drawing program
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Figur e 29 Screenshot of M acr omediaFreehand 9.0 showingdiagramsin preview mode
MacromediaFreehandisavector drawing programfor illustrators. Figure 29 shows atypical
arrangement of windows, toolbars and pal ettes. Note the non-printing blue guidelineson the
page for aligning objects and use of the off-page “ pasteboard” for temporary storage of

objects.
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4.2.2 Word — general-purpose program
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Figure 30 Screenshot of Microsoft Word 2000 showing diagrams created by Susan Wettling

Microsoft Wordisapopul ar word processing program. It hasevolvedto offer features
typically found in desktop- publishing software, including drawing tools. Figure 30 shows a

set of diagramscreated using combination of lines, text boxesand scannedimages.
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4.2.3 Miyazakiorigami simulator

File WEERD]
quit (¢3)
Rotation (R)
Coordinate Axis OnfOF ()
ding
Load Folding
Arimation

Undo a Fold (Z)
Initialize Folds (I)

Figure 31 Screenshot of Miyazaki'sorigami simulator showing second step of traditional cup

Miyazaki hasmadehisorigami simulator availablefor Linux, OpenGL and Windows

DirectX platforms. Figure 31 showsthe DirectX 9 version of Miyazaki’ssimulator.
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4.2.4 Nimoy origami simulator

Avirtualorigami-Microsoft Internet Explorer provided by Freeserve E|@|E|
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Figure 32 Nimoy'sJava origami simulator showing second step of traditional cup

Figure 32 showsNimoy’ sapplet running in aweb browser. Asdescribed in section 1.4.2, the
user makesfoldsby dragging thefoldline, orientating thefold arrow (thus setting the fold

direction) and executing thefold. Figure 6, p. 24, shows another screenshot of Nimoy's

simulator.
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4.2.5 Cabri dynamic geometry software — mathematical
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Figure 33 Screenshot of Cabri |1 Plusshowing partial construction of traditional cup

Cabri isadynamicgeometry softwarepackageoriginally intendedfor teaching Euclidean

geometry. Figure 33 showsthe partial construction of thetraditional cupin Cabri.
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4.2.6 Doodle —origami-oriented programming language

- [olx |
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Design: Unknown

Level : beginner
Paper with same color on both zides

1- Feld unfold diagonals

>doodle pajarita3D.doc
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Number of pages : 3

>
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Diagrams: Xavier Fouchet - Copyright 2001

H pajarita3D.doo - WordPad

Fle Edit View Insert Format Help

DEE S s 2

% & macro to choose my color
“define \my color |

100, 85, 72
}

‘\diagram header {
“designer ("Unknown") ;
“title("Pajarita"):
‘diagrammer ("Xavier Fouchet");
“diagram date (2001} ;
“comment ("Level : beginner");
“comment ("Paper with zame color on both sides™);
“ecolor_front (\my_color) ;
“eolor back (\my color);

'

\step { 31
‘\square{a,b,c,d};
‘valley foldla,c):
‘valley fold(b,d):
\Simple_arrow(a, c, valley,
“simple arrow({d, b, valley,
o = \intersection{[a,c]., [b

unfold,
unfold,
Al

right};
right);

‘caption("Fold unfold diagonals"};
Vfill(front, a, b ,c ,d);

IFor Help, press F1

Figure 34 Typical arrangement of windowsfor workingwith aDoodlefile(Xavier Fouchet’ sPajarita)

Doodleisaprogramminglanguagedesignedfor producing origami diagrams. It compiles

source code into PostScript output. Figure 34 shows: top left — GSView showing Doodle

PostScript output; bottom left —command line prompt for compiling Doodle source; bottom

right —text editor for editing Doodl e source. Notethat the source doesnot specify coordinates

numerically. Figure 7, p. 25, showsanother example of Doodle output which usesthe

\debug_point command to annotate vertices.
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4.3 Evaluation using the Cognitive Dimension framework

- =
%
5 o a8 o) =
f 5 2 g 5
L = = Z @)
Abstraction 1. ABSCanDefine 3 5 5 2
2. ABSMustDefine 5 5 4 5 3
Hidden 3. HIDDVis 4 4 5 4
dependencies
4. HIDDSize 3 4 3 4 2
Premature 5. PREM FreeOrder 2 5 5 4
commitment
6. PREMMustPlan 4 3 2 4 4
Secondary 7. SECN 4 5 4
notation
Viscosity 8. VISCEasyChange 4 4 3
9. VISCImportantDifficult 3 2 2 4 4
Visibility 10.  VISEasyFind 2 NA NA
11.  VISluxtaposable NA NA 5
Closenessof 12.  CLOSEMap 2 3 4 2 4
mapping
13.  CLOSEStrange 4 2 & 4 NA
Consistency 14.  CONS 2 2 2 3
Diffuseness 15. DIFF 3 3 4 3 3
Error-proneness  16. ERREasyMistakes 4 4 3 2 3
17.  ERROftenSlips 2 4 2 2 3
Hard mental 18. HARDNeed 4 3 3 4 2
operations
19. HARDEffort 2 3 4 4 2
Progressive 20. PROGEasy NA NA NA
evaluation
21.  PROGAnyTime NA NA NA
22.  PROGPartia NA NA NA
Provisionality 23. PROV 2 2 2 2
Role- 24. ROLE 2 3 3 3
expressiveness

NA = Not Applicable; 1 = Strongly Agree; 3 = Neither Agree nor Disagree; 5 = Strongly Disagree

Table 15 Summary of evaluation of benchmark program usingthe Cognitive Dimensionsframewor k

(positive aspect; negative aspect)

NA = Not Applicable; 1 = Strongly Agree; 3 = Neither Agree nor Disagree; 5 = Strongly Disagree
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Table 15 summarisestheresultsof the expert eval uation using the Cognitive Dimensions

framework. Thenext sectionsdiscusstheeval uation of each Cognitive Dimension.

4.3.1 Abstraction

Abstraction-tolerant programstypically allow usersto define stylesfor frequently used sets

of attributes and macrosfor common repetitivetasks. Abstract-hungry programsrequire users
tolearnasignificant number of abstractionsbeforethey can get started. Abstractions are not
inherently good or bad: they can make sometaskseasier, but at acost (potentially more

hidden dependencies, viscosity andincreased need for |lookahead).

Freehand allowsthe user to definegraphic styles, but doesnot requirethemtodo so (itis
abstract-tolerant). Furthermore, userscan definetheir own colours, arrowheadsandline
styles. Word is also abstract-tolerant, but only for text styles. However, Word does allow
usersto both record and edit macros. Cabri alowsusersto define macros by simply telling it
theinputsobjectsfor amacro and therequired output objects. Cabri doesnot havestylesfor
graphicobjectsi.e. theuser cannot definea”“ mountainfold” style, say 1 point linethickness

with a dash-dot-dot line dashing attribute.

SinceDoodleisaprogramming language, it letsuserschoosenamesfor edgesand vertices. It
ispossiblefor usersto definetheir own macros. Theuser must learn amoderately-sized set of
built-in commands and syntax in order to be productivein Doodle: Doodleisrelatively

abstract-hungry.

The other programsare not particularly abstract-hungry except Cabri, which requiresthe user

toconstruct al objectsmathematically (unlessmacrosexist). Nimoy allowsno user
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customisation at all. Miyazaki haslittle user customisation except for allowing different
paper shapesand colours. However, thisisalittleconvoluted astheuser must edit atext file
to set up the paper when the user wants non-default values (e.g. coordinates of verticesfor

defining paper shapes; rgb valuesfor paper colours).

4.3.2 Hiddendependencies

Noneof theprogramssuffer particul arly from hidden dependencies. Programswithfew
abstractionshavecorrespondingly few hidden dependencies(Nimoy and Miyazaki).
Programswithmoreabstractionshavemorepotential for hidden dependencies(Word, Cabri

and Freehand).

Doodlehasthemost potential for hidden dependencies:. for example, Doodleallowsvertices
to bedisplayed at different coordinatesto their actual coordinates with the shift command.
Thisisintendedto help usersseparatelayersinadiagram step. However, moving avertex by
redefiningitslocation, may, or may not, havetheintended consequence. Also, itisdifficultto
find out which vertices have had ashift applied. Consequently, hidden dependenciesbecome
worseasthedocument growslarger. Thisproblem appliesto Freehandto alesser extent (e.g.
if similar colourshave been defined, what istheeffect of changing aparticular defined

colour?)

4.3.3 Premature commitment

Freehand and Word arethe most flexible programsasthey imposefew constraintsonthe
order of doingthings. Theworst are Nimoy and Miyazaki, becausetheuser must alwaysstart
at the beginning and fold on screen in the same order asthereal paper folding. However,

these constraints are no worse than that of real paper-folding. Cabri and Doodle aso require
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theuser to start from the beginning and devel op thediagramsin order. However, the user can

choose to start at an intermediate step, if needed.

Doodlerequirescareful planninginorder for the user to be successful. For example, agood
choiceof vertex nameshel psdefineedge names. Poor choi cesmakelater stepsharder, and if
they need to be changed, aredifficult to propagate throughout the Doodle source (high
viscosity). Toalesser extent, Miyazaki needscareful planning because certainfoldsneedto
be re-sequencedfor itslimited simul ation capabilities. For example, apetal fold cannot be

made in the traditional manner —it must be made astwo reversefoldsand onevalley fold.

4.3.4 Secondary notation

Word alowsthe user to insert non-printing text and comments. Freehand allows comments

and temporary objectsto be stored away from the page on the paste-board.

SinceDoodleisrelatively advanced programming language, it allowsuserstoindent, add
whitespaceand commentsinflexiblemanner. If the Doodlesourceisedited inasyntax-

highlighting text editor, further support for secondary notationis easily achieved.

Cabri andtheorigami simulatorshavelittle support for secondary notation.

4.3.5 Viscosity

Both Word and Freehand allow usersto easily make changesto previouswork. Thisispartly
due to their direct manipul ationinterfacesand|ack of prematurecommitment. Graphic
elementscaneasily berepositioned and reformatted. However, Wordisdslightly moreviscous
than Freehand because Wordlackstheability to defineand changegraphic styles. Also,

Word lacksasearch and replacefacility for graphic styles.
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Cabri suffers from premature commitment more than Word and Freehand and thereforeis
dightly more viscous. It aso can be long-winded to make certain changesin Cabri: it depends

on how the construction was made.

Both of theorigami simulatorsand Doodlerequireusersto start fromthefirst step and make
each stepinsequence. Thereforeitisdifficult totakean existingmodel and adaptitintoa
new one. Theorigami simulators suffer from the fact that some fold cannot be unfolded, even
thoughit should be possible. Furthermore, if part of the paper ishidden, itisnot possibleto
manipulateit at all. Thismeans users need to re-sequencefoldsin order to prevent hiding the
paper of interest. Sometimes no amount re-sequencing helps: it isimpossible to makethe
requiredfold. Nimoy suffersfrom another probleminthat it lackstheability to savefolding

and restore previouswork.

4.3.6 Visibility

Word and Freehand both allow the usersto easily scroll and zoom around their documents.
They also alow usersto open multipleviewsof the samedocument which arein separate
windows. Word hasthe convenient extrafeature of all owing the user to split aview within

the same window.

Cabri hasfewer featuresfor zooming but hasthe usual facilitiesscrolling. Cabri only keeps

oneview of thedocument, so juxtaposability isdifficult.

Doodleisacompiled programminglanguageso visibility and juxtaposability depend on how
the user works on his or her computer. Figure 34, p. 94, shows atypical arrangement of

programs. Thisshowsthat juxtaposability can begood, but it can bedifficult tofind the parts
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of the diagram that are of interest dueto hidden dependenciesand thefact that visible parts
areindirectly manipulated viathe source code. Doodl e providesa\debug_point command

which helpsby labelling partsin the PostScript output.

Theorigami simulators only work with asingle document and asingle view. Miyazaki
providesanumber of commandsfor manipul ating thecameraviewpoint, but Nimoy has

none.

4.3.7 Closeness of mapping

If thedomainistakento bedrawing, then Freehand and, to alesser extent, Word, map
closely tothedomain of origami diagramming. If thedomainistakento beorigami (i.e. the
folding of paper) then Nimoy and Doodl e al so map closely to the domain of origami
diagramming. Nimoy supportsvalley and mountainfoldlinesandarrows, but has no support
for multiplesteps. It can only make afold through two pointsdirectly —other fold types must
bejudged by eye. Doodlehasanumber of featuresintended to support origami diagramming
—e.g. hidden coordinate shiftsto show layers; line shortening; automatic, built-in step

numbering and layout.

Cabri and Miyazaki do not map well to thedomain of origami diagramming. Cabri mapswell
tothedomain of geometrical construction (somerepresent foldingoperationse.g. angle
bisectorsand mirror lines). However, Cabri doesnot map well to the domain of origami

diagramming becauseit doesnot support multiple stepsinthesamedocument.

LikeCabri, Miyazaki cannot support multiplestepsvisibleat the sametime. Furthermore,
Miyazaki does not useany conventional diagramming symbolsat all. Miyazaki may map

closely to thedomain of folding paper, but not thisisnot the same asdiagramming.
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Programsthat | ack specific origami support tendto farebadly when considering the
statement: “ There are parts of the program which seem particularly strangefor origami
diagramming.” Origami support can bedividedintotwokinds: support for foldingand
support for diagramming. ThusDoodl esupportsdiagramming, and to alesser extent, folding,
and rates quitewell on thisaspect. On the other hand, Miyazaki supportsfolding, but hasno

support for diagramming.

4.3.8 Consistency

All programsareconsistent, toagreater or lesser extent. Those using direct manipulation
interfaces are generally consistent. For example, al foldsare performed inthe sameway in
Miyazaki — pick up the paper, moveit and drop it to makeafold. Cabri suffersdlightly
becausetheorder of parametersfor different commandsdoesnot alwaysseemtobelogical
nor consistent. (However, some geometersmight not find thisaproblem because Cabri

followsthe conventions of Euclidean geometry.)

4.3.9 Diffuseness

Noprogramisparticular diffuse, nor particularly terse. Miyazaki can be sometimesbelong-
winded because every fold must be made —there are no repeat operations. However, this
verbosity isno worse than real paper-folding. Nimoy and Miyazaki both need augmenting
with separate softwarein order to layout stepson apagewith numbering and captions.
Doodleisarelatively terselanguage, but Doodle source can becomelargeevenfor asmall

project.
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4.3.10 Error-proneness

Doodlecan beconfusingto useduetoitsabstractionsand hidden dependencies. A dedicated
Doodle devel opment environment coul d reduce mi stakes. For example, modernintegrated
devel opment environmentsrecogni se command namesasthey aretyped and can
automatically completethemand show thecommand’ srequired parameters — this would

reduce demands on memory.

Nimoy, unlike Miyazaki, hasno support for snapping the cursor toimportant | ocations, and
henceaccuratefoldingisdifficult. However, both origami simulatorscan demandthat folding

sequencesare restructured and this can be error-prone.

Programsthat need intensive mouse control can invite slips. For example, in the direct

mani pul ation programs: Word, Cabri and Freehand, mousecontrol issometimesdifficult
when sel ecting objectsthat overlap or arevery closetogether. For example, it can be
troublesome in Freehand to select aBézier control point becauseit istoo small to click
(although auser can customise control point sizes). In Cabri, failing to sel ect thecorrect
object can force the user to re-enter acommand. For exampl e, the command for bisecting an
anglerequiresthreepoints. if thethird pointisnot successfully sel ected, theuser must enter

thefirst two pointsagain beforetrying to enter thethird point again.

Doodle, likeother compiled programminglanguages, can penalisetheuser for mistyping a
statement, or forgetting syntax elementslike/ or ; , or failing to match braces{ }. Doodle
only informstheuser if thesearewrongwhen it compilesthe source. Asmentioned above,

thiscould be prevented, to an extent, by using atext editor that checks syntax asit istyped.
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4.3.11 Hard mental operations

Since Doodleisacompiled programming language, it useshigh-level abstractionsand this
can place heavy demandson cognitiveand memory resources. Figure 7, p. 25, shows that
folding onecorner over requiresfive commands, each of whichrequiresthreeor more

parameters.

Cabri can make demandson cognitiveresources —this may be deliberate because of its

original intention asatool for learning Euclidean geometry!

4.3.12 Progressive evaluation

Word and Freehand offer good opportunitiesto check thework in progressat any time.
However, Doodlerequiressourceto be compiled beforechecking. Thus, the Doodle user
must switch tothecommandine, enter thecommand for compilation, and then switchtothe
PostScript viewer to check theoutput. (GSView can easethisprocessdlightly asit
automatically opensaPostScript fileif it hasbeen updated by another program. It even uses

the same zoom settings and | ocation whenthefileisreopened.)

Programswith no built-in support for multiple stepsallow progressive eval uation only for the
current step —they have no support for checking the final layout of steps on a page because

thismust be done in a separate program.

4.3.13 Provisionality

Ingenera, al programshavegood provisionality except Doodleduetoitshigh cognitive

demands.
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4.3.14 Role-expressiveness

Freehand rates the best in role-expressiveness, closely followed by Word.

Nimoy doesnot scorehighly herebecausethe symbolsfor mountain/valley and“foldit” have
no explanation. However, oncelearned, they arenot hard to remember. Morepositively, the
symbolsfor foldlineand arrow havethe samemeaning asfor standard origami diagram

notation.

Cabri requiresmathematical and geometrical knowledgeinorder tounderstandit.

Miyazaki uses a direct manipulationinterfacewhich givesalmost instant feedback. Theuse
of the“T” key for insidereversefold (tuck folds) showsan effect on-screen. However, the
useof the*M” and“N” keysfor peeling and unpeeling paper does not seemto beanatural

mapping.

Doodl e has some commandsthat are misnomers. For example /fold does not fold aflap, it
drawsafoldlinethat isalineof reflection. Some command namesare hard to remember —
the order and meaning of the parameters of somefunctionsarenot easily memorised either.

Perhapstheseissues only affect novice Doodle users.

4.4 Results

Ingeneral, thequestionnaire outcomesmatched theexpert eval uation. V ector drawing

programswereby far the best typeof program. General programssuch asMicrosoft Word
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wereclosebehind. Cabri wasneutral but Nimoy’ sorigami and Miyazaki’ ssimulator werethe

worst.

Somesubjectsindicated that part of thedifficulty of diagrammingisnot necessarily the
software but thetask of structuringalogical, clear and enjoyablefolding sequence. These
difficultiesarebeyond thescopeof thisproject, but somecould bedealt with: for example,

onerespondent requested a“fold checker” that operated likea* spell checker”.

45 Summary

Thischapter described the benchmark software and tasks selected. Expert evaluation using
the Cognitive Dimens onsframework showed that vector drawing programswereby far the
best typeof program. Nimoy’ sorigami and Miyazaki’ ssimulator weretheworst, mainly

because they were not designed to produce instructionsfor the printed page.

Theseeval uationfindingsinform thedesign of animprovedinterfacethat isproposedinthe

next chapter.
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5 The Proposed Improved Interface

Thischapter describesaredesigned interfaceand therationalefor itsredesign, based on an
existing computer origami simulation. Thepreviouschapter foundthat origami simulations
weretheworst typeof softwarefor making printed origami instructions. Despitethis
unpromising starting point, adapting an existing origami simulation will address the main
reasonwhy origami simulationsfared badly: they |acked featuresfor producing diagramslaid
out onapage. | consider theimportance of each design changetogether with thefeasibility of

implementation.

This chapter starts by considering the potential pitfallsof redesigning interfaces.

5.1 Radical Solutions?

Whittaker et al. (2002, p. 79) warn against proposing “ radical solutionsto thingsthat usersdo
not consider to be major problemsand [radical solutions] can neglect major problems that
usersdo experience.” Theauthorsbelievethat theuseof referencetaskshelp prevent this.
They citetheexampleof theDARPA (Defense Advanced Research ProjectsAgency)
“bakeoffs’ that did create genuine progressin speech recognition. They givethefollowing
criteriafor selecting referencetasks (p. 87):

o frequent

e criticd

o real (research should establish real tasksfrom real users)

¢ not likely to become obsolete

Thereforethe next section looks at evidencefrom real users.
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5.2 Problems indicated by the evaluation

Although the use of computershasmade some stagesof diagramming easier, not all stages
have been made easier. Comparing Table 16 and Table 17 shows that arranging afinal layout

ismuch easier, but the ease of thefirst three diagramming stageshasnot substantially

improved.
Ease of Add fold lines,
diagram- Sketch / plan a Draw step arrows,number  Arrangeafinal
ming stage draft sequence outlines and text layout Other
Easy 1 bfjns | gijlt gls
2 adgilo di | cdopsw djip
Neither 3 epwx abrmosuw$ abknx kws
4 cnu$ ef gpt xy euy$ abenx j
Difficult 5 kt k
Total
responses 21 20 15 15 1

Table 16 I ndividual responsesfor ease of diagrammingstagefor conventional methods

Ease of Add fold lines,
diagram- Sketch / plan a Draw step arrows, number  Arrangeafinal
ming stage draft sequence outlines and text layout Other
Easy 1 bl In ghilz bghl opt
2 gjnmrz jz j mopt ijnme
Neither 3 eikps hi mor u br cn
4 u bcegst cenu er 0
Difficult S5 cnt p
Total
responses 16 17 16 15 1

Table 17 Individual responsesfor easeof diagramming stagefor computer methods
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When respondents have estimated the percentage of timethey spend on the diagramming
stages, thereislittledifference between conventional and computer methods. Themost time-
consuming stageisdrawing step outlines: approximately 50% of timeisspent onthisstage

(mean average).

Therefore any attempt to reduce thetimetaken to draw step outlineswill havethe most

beneficial impact.

5.3 Problems with Miyazaki’s origami simulator

5.3.1 Menu

Asmentioned in section 2.6, Microsoft Windows has arecommended style. For example,
usersshould expect most applicationsto haveaFileand Edit menu. (Petzold, 1992, p. 355).
Microsoft’s The Windows User Experience (Microsoft Corporation, 2004b) suggeststhat the
File menu “providesan interfacefor the primary operationsapplied to afile... [it] should
include commands such asNew, Open, Save, Send To, and Print.” Figure 35 shows that
Miyazaki’ ssimulator does have aFile menu, but all other menu items have been placed into
the“Menu” menu. Thisislikely to befor reasonsof portability betweenthe Windows
DirectX, OpenGL and Linux versions. Figure 36, p. 109, shows part of the redesigned menu.
Note that

o Menuitemshavealetter underlinedto enable Alt key combinationse.g. pressingthe

sequence Alt, F, A invokes File — Save As...
e Menuacceleratorsaredefined whereappropriateand aredisplayed right-justified in

the menuitem e.g. Ctrl+Sinvokesthe File — Save menu item.
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% sample

Szl ™Meru
Quit ()
Rotation (R)
e Axis OnfOfF (A)

ing
Load Folding
Animation
Undo a Fold (Z)
Initalize Folds (T)

Figure 35 Screenshot of Miyazaki'sorigami simulator showing the“Menu” menu

¥ origami - (untitled)
&[N Edit Wiew Show Help

Save As...
Load Setings... Cirl+L
Export Diagram PS Fle.,. Cirl+E

Config display... F2

Exit

Figure 36 Screenshot of redesigned origami simulator showing the new “ File” menu

Table 21, p. 180-182, definesthefull menu structure. Itemsintheoriginal “Menu” menu
have beenreorganisedintotheFile, Edit, View and Show menus. The Edit menufollows

Microsoft Corporation’ s(2004b) recommendationthat itincludesan Undo command. The
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View menu hascommands*that changetheuser'sview of datainthewindow. .... [the]

commands on thismenu that affect the view and not the dataitself.” (ibid.)

Thenew Help menu has* commandsthat provideuser accesstoHelpinformation. ... [the]
Help Topicscommand.... providesaccesstotheHTML HelpViewer, whichdisplaystopics

included inyour application'sHelpfile” (ibid.)

A number of keyboard commandsdid not havemenuitemse.g. commandsfor manipulating
the cameraand peeling/unpeeling paper. New menu items have been defined for these

commandsinorder to decreasethe user’ sneed to memorisethese commands.

By following Microsoft’ ssuggestionsfor menus, theredesigned menu addressesNielsen’s
fourth heuristic (NH4: “ Consistency and standards... Follow platform conventionsand
accepted standards’) and Norman’ sseventhprinciple(N7: Whenall el sefails, standardise)

and Shnelderman’ sfirst goldenrule (S1: Strivefor consistency).

By reducing the user’ sneed to memori se keyboard commands, the menus address Norman’'s
first principle (N1: “Use both knowledgein theworld and knowledgeinthehead.”) and

Nielsen’ ssixth heuristic (NH6: Recognitionrather thanrecall.)

5.3.2 Document-centric operation

Theoriginal smulator alwayssaved to, and loaded folding from, afilecalled” default.ori”. If
auser wished to keep morethan onefolding sequence, he or she needed to copy and/or
renamefilesoutsideof thesimulator. Thereforestandard Filemenuitemsfor openingand

saving files have been added and the functionality implemented.
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Theoriginal simulator alwaysloaded settingsfromthe* origami.txt” file. If auser wishedto
work with anumber of different settings, e.g. paper shapesor colours, heor sheneededto
copy and/or renamefilesoutside of thesimulator. The File — Load Settings menu alowsthe

user to chooseasettingsfilewithout having to renameit and restart the program.

Both of theabovechangesaddressNorman’ ssecond principle(N2: “ Simplify thestructureof
tasks. Tasksneed to besimpleinorder to avoid complex problem solving and excessive
memory load ....[one] approachto simplificationisto changethenatureof thetask sothat it

becomes something moresimple.”)

5.3.3 Exporting PostScript diagrams

Thisfunctionality wasimplementedtoabasiclevel. Theprototypeusesasimplifiedversion
of Doodl €’ s(Gout, 2001) techniquefor automatically laying out stepsonapage. Itis
simplified because page and margin definitionsare hard-coded and each step isthe same size.

Step numbersstart at one and increment by onefor each subsequent step.

Theorientation of thefolding isused for making each diagram step: thisisachieved by
defining the PostScript Current Transformation Matrix to bethesame as the DirectX Model -
View matrix. However, thislacksperspectiveprojection, and hencetheuser’ szoom settingis

ignored.

Theprototypekeepstrack of cameraview for each step both beforeand after afoldismade.
Thisallowsthe program to draw extrastepsif the orientation changes between folds. Thisis
to support Lang’ sseventh principleof alwaysshowing theresult of afold (L7: Don’t leave

the reader dangling).
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Eachfoldisrepresented by drawing an arrow from the picked point to themoved point. As
theprogram constructseach step dynamically, theexporting processing hooksintothe

animation process. Unfortunately fold linesweretoo difficult to extract.

Reversefoldsareindicated by thecaption“Reversefold.” Theideal solutionistodraw the

standard symbolsfor aninsidereversefold (first diagramin second row of Figure 40, p. 209).

Coloursfor paper regionsaretaken fromthe program settings. Thissupportstheprincipleof

distinguishing each sideof the paper using shading (question 15, initial questionnaire)

5.3.4 Documentation

Nielsen’ stenth heuristic (see Appendix B —Nielsen’ sten heuristicsfor Heuristic Evaluation,
p.134, NH10) statesthat most systemsneedinstructionsfor use: they should “ not betoo
large’. See Appendix H —Help filefor redesigned origami simulator, p. 169, for the help file
that wasdeveloped. The“How dol...?7" sectionfollowstherecommendationsof Nielsen's
tenth heuristic of being “focused ontheuser’ stask ... [andlisting] ... concrete stepsto be

carried out.”
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6 Implementation of Improved Interface

This chapter describeshow theimprovedinterfacewasimplemented. It liststhe software

used, detail sthe changesmadeand concludeswith alist of changesattempted but not

achieved.

6.1 Tools

Thefollowing softwarewas used toimplement the prototype

Bloodshed Dev-C++ 4.9.9.0°
Microsoft DirectX 9 SDK*
MinGW tools®

Open Watcom 1.3°

S. Miyazaki Virtual Origami sourcecodefor DirectX version (Miyazaki, 2004)

Programming utilitiesand tool sused included:

AFPL Ghostscript 8.14 (2004-02-20) (File — Convert... allows conversion of PSto
PDF)’

GSview 4.6 (2004-01-11)®

Seapine Surround SCM°®

Textpad™®

s http://www.bl oodshed.net/devcpp.html

4

http://msdn.microsoft.com/directx/sdk/

® www.mi ngw.org/

http://www.openwatcom.org/

! www.ghostscript.com

http://www.cs.wisc.edu/~ghost/gsview/

9 .
www.seapine.com/surroundscm.html

10

www.textpad.com/
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6.2 Existingimplementation

Theoriginal sourcecodefor theorigami simulator wasrel atively clean. Althoughtherewere
only afew comments, most of the variablesand functions had meaningful namesand overall

the structure was good with sensible modul arisation.

Furthermore, Miyazaki et al. (1996) givesagood overview of the datastructuresfor face
groups, faces, edgesand vertices. Mapping these to the source codeisrelatively
straightforward, for example COrigami containsan array of CStageobjects. Each CStage
representsone step of thefol ding sequenceand storesa CFaceGroup object. This

CFaceGroup object mapsto the“Facecell tree” (ibid., p. 32).

6.2.1 Structure

Miyazaki et al.(1996) originally wrotetheir codefor Silicon GraphicsIRIS Crimsonwith
Reality Engine. Miyazaki (2004) then ported OpenGL versionsto Linux and Windowsand
created aDirectX version (Windowsonly). The DirectX version appearsto have been

initially created by the Visual C++ AppWizard.

The multi-platform natureof the code explainsitsslightly unconventional arrangement of
source codefiles. For example, Figure 37 showsthat user.cpp includes*mainx.cpp” which
thenincludesfurther “header files’, namely, vertex.h, edge.h, etc. However, thel atter “ header
files” havenoassociated “.cpp” filesthat implement the classesand function prototypes
defined by the header file. These header filesinfact contain both the definition and the
implementation of classesand functions. Themakefilefor Dev-C++ must be altered to reflect

thisarrangement, otherwisefilesmight not be compiled when they are edited.
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thisfile includesthesefiles... which then includesthese
files...
DXUtil.h
D3DApp.h
D3Dutil.h
resource.h
user.h
geometry.h
bitmap.h
og.h
user.cpp time.h
render.h
vertex.h
edge.h
_ face.h
mainx.cpp
facegroup.h
stage.h
origami.h

Figure 37 Filestructureof Miyaki’sDirectX origami smulation

6.3 Changes made

Theimplementation consisted of thefollowing steps.
1. Extractvertex, edgeand faceinformationand createaset of 2D overlapping polygons
for exporting to a2D format, namely Postscript

2. Layout the steps on pageswith numbering and captions
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Theprogram saveseach step (maximum 255 steps). Each step hol dsthe sourceand
destination point of afold, and thetypeof folde.g. “fold up” or “tuck in”. (Theprogram
dynamically generatestherequired edges, verticesand facesfromthisinformation).
Therefore each step can bedrawn and anarrow and fold line placed to show thefold

instruction.

1. Whenthefoldingisfinished, theuser exportsthediagramsusing themenu. The
output file consists of each step laid out on apage. Thelayout isautomatically
computed inasimilar way to Doodle. Each stepislabelled withanumber and
automatically generatedtext, if any (e.g. “reversefold”).

2. Theuser can view the output, convert it to another format or import and edit it (using

external applicationslike GhostScriptand GSView).

Theuser canalter their viewpoint and orientation. Thisneedsto betakeninto account when
generating the diagram of astep so that they have the same viewpoint (e.g. user rotates
model, turnsover or zoomsin/out). Thecameraviewpoint at thetimethe user completesa

foldwill beusedi.e. at thetimewhen the user rel easesthe mouse button.

Full source codeis provided on the CD-ROM (see Appendix M — Contents of CD-ROM, p.

192).

6.4 Postscript

I have decided to use PostScript, apage description language (Foley et al., 1997, p 999), for

writing diagrams.

Tung Ken Lam R4879389 Page 116 of 213 Submitted: 13 September 2005



M801 Dissertation: An investigation of the usability of software for producing origami instructions

PostScript isessentialy like assembly programming — it is powerful, but
programminginitisnot too pleasant. Ontheother hand, defining proceduresis

simple, which makes PostScript far easier to use. (Foley et al., 1997, p 1003)

Although PostScript isalow-level language, and doesn’t support high level naming and

structuring of objects, itiswell established, well documented (A dobe Systemslincorporated,

1992, 1999), can beimported by many applications, and easily convertibleto PDF*,

6.5 Conclusions

A number of ideas for improvement wereabandoned duetoimplementationdifficulties:

Showing multiplelayers. Potential algorithmsmay involvedisplacing verticesthat are
freeto move like Doodl€’ s \shift command. Thedisplacement could either beinthree-
dimensions or two dimensions.

Drawing mountainandfoldlines. Thisinformationisnot straightforward to extract
fromdatastructures. A simpler solution could beto draw the perpendi cul ar bisector of
thefold arrows’ start and end points.

Drawing standard symbolsfor reverse folds. Thedifficulty of thisisrelated to the
difficulty of drawing fold lines.

Drawingfold stepswith perspectiveprojection. Thediagramsusetheorientation at
thetime each fold ismade by applying the Model-View matrix to the PostScript
Current Transformation Matrix (CTM). However, thediagramscan bedifferent tothe

screenfolding if thezoom isdifferent.

" e.g. www.ps2pdf.com
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Only PostScript output wasimplemented duetotimeconstraints. Other formatssuchas

WMF or 3D model formatslike VRML, X3D or AutoCAD were not implemented.

Despitetheseproblems, will thedevel opmentsthat wereimplemented sufficiently improve

the task of diagramming with acomputer?
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7 Evaluation of Improved Interface

The previoustwo chaptersoutlined thedesign and implementation of animproved interface
for making origami diagrams. Thisprototypeimplementationiseval uatedinthischapter by
subjectsusing ausability questionnairedrawn fromrel evant sectionsof theinitial
guestionnaire. (Itispossibleto compareratingsfor the sameperson if they have responded to
both questionnaires.)

Subjects’ ratingsfor theCognitiveDimensionsarecompared withtheexpert eval uation: has

theprototypeimproved theintended dimensions?

7.1 Usability Questionnaire

7.1.1 Distribution

An announcement to potential subjectswas made by email to the same mailing listsasthe
initial questionnaire (namely origami-1, BOSmail and paperwonders). The announcement
directed subjectstoawebsitewherethey could download the software, documentationand
questionnairein a number of formats. Thewebsiteisreproduced on the CD-ROM (see
Appendix M — Contents of CD-ROM, p. 192, for details). Appendix | — Usability of

Prototype Questionnaire, p. 184, showsthe usability questionnaire held on theweb site.

Intheweek followingtheannouncement, several usersreported aproblemwiththeprogram
that madeit crash. Thanksto thereport of one user, | managed to fix thisproblemin a
subsequent versionrel eased to theweb site. However, assome of the subjectswere
evaluating earlier versionssomeresultsbel ow refer tothisproblemi.e. theprogram did not

remember the settingsfor vertex processing (“ softwarevp”).
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7.1.2 QUIS Results

See Appendix L —Resultsof Usability of Prototype Questionnaire, p. 191 for results. Of the
ninesubjectsthat responded, only threecompl eted thequestionnaireinfull. Only two of the

subjectshad respondedtotheearlier initial questionnaire.

Thesmall samplesizemeansthat statistical analysisisneither feasiblenor meaningful — any
conclusionsdrawn arerelevant only to the context and are not necessarily generalisable.
Neverthel ess, thedatacan be regarded asaqualitative eval uation of the prototype.
Table 18 showsthe QUISfor individual subjects.
o All subjectsagreedthat theprototypewas* stimulating” (not“dull”). Themajority
gave the rating “wonderful” but somegavetherating “terrible”.
o Thereweremixedresponsesfor“ Difficult/Easy” and*“ Frustrating/Satisfying” .

e Theworst ratingsweregiven for power and flexibility.

Inadequate
Terrible  Frustrating Dull Difficult Power Rigid
1
2 h gh ah b
3 bh ab bd cd cdgh
4 cd bei ai
5 cdeqi e bcdi f f ef
6 A fi egh cei
Ml F af a
Adequate
Wonderful ~ Satisfying  Stimulating Easy Power Flexible

Table 18 Individual QUI Sresponsesfor theprototype

Tung Ken Lam R4879389 Page 120 of 213 Submitted: 13 September 2005



M801 Dissertation: An investigation of the usability of software for producing origami instructions

Thewonderful ratingisechoed by subjects’ commentsfor positive aspects:
e Animation (four subjects)
e Snapping/ accuracy of folding (two subjects)
“Wow" factor of simulation (three subjects) e.g. “great and amazing that it’ s possible to

program stuff like this!” (subject c)

Themixed responsefor easeof useand theextent towhich theprototypewassatisfyingis
echoed by the conflicting commentsfrom subj ects. Thepositivecomments:

e FEasytouse

Accuracy of folding
e Seemsobviouswhat to do
o Difficult/Easy: especially when the program recognisesthelineyou'refoldingto
were contradi cted by negative comments:
o Thesnappingtoapoint makesitimpossibleto get to certain other pointsof paper; The
“unfold” procedureisdifficult
¢ Difficult toundo things

o Difficult to manipulate with mouse

Commentssupporting “ Inadequate Power” include:
o Inability to do complex folds
o Foldingvirtua paperisrestrictive[may betalking about inability to make some 3d
foldse.g. intraditional masu]
¢ Does not cope with more than basic folds (asdetailed in email correspondence.)

o Nomountainfold possible.

No signsfor "turn over" on .psoutput.
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Somesubjectsnoted problemsnot directly rel ated to thesimul ationand diagramming aspects
of the prototype:

e Because of the bugs and software vp problem which | know isnow fixed

e Settingsdon't stay

e Crashesalot

e It seemedtodraw alot of processing power

Two usersfound manipul ating themodel inthreedimensionsdifficult:
¢ | wasnot ableto moveto whole modd in the screen

o Difficult to turn objectsto three dimensions

This echoesthe statement by Dix et al. (2005, p.144):
Wearegood at moving objectsaround with our handsin three dimensions, rotating,
turning them ontheir side. However, wewalk around in two dimensionsand do not
fly. Not surprisingly, peoplefindit hard tovisualiseand control movementsinthree

dimensions.

Intriguingly, one subject reported the program produced
e Neat diagrams

but two other subjects stated that
e Diagramsare ugly

o Itisvisudly not attractive

Clearly, visual attractivenessissubjective, but thisshowsthat nosinglestyleof diagramming

can be considered “perfect”.
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7.1.3 Cognitive dimensions results

Only threesubjectsgaveratingsfor thecognitivedimensions. Thissmall sample size means
that conclusive analysisisnot possible.
Theprototypewascriticised on these dimensions
e prematurecommitment (PREMMustPlan)
¢ theneedfor hard mental operations (HARDNeed)
and to alesser extent
e viscosity - difficult of changing folding and/or diagrams (V1SCEasyChange)
¢ hiddendependenciesworseningwithlarger documents(HIDDSize)
These echo themediocre QUI Sratingsfor adegquacy of power, flexibility and ease of useand

ease of learning.

However, the prototype was praised on these dimensions:
e visihility (HIDDVis)
o ability to use secondary notation (SECN)
o ability toevaluatework at any time (PROGANyTime)
and to alesser extent
o ability tomakediagramsreasonably briefly (DIFF)
o ahility to evaluate partially-completed work (PROGPartial)

o ability to sketch things out and play with ideas (PROV)
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7.1.4 Comparison of QUISratings between initial and usability

guestionnaires

Only subjectsband cresponded to both questionnaires. They both only completedtheQUIS
questionsin the usability questionnaire, so unfortunately it isnot possibleto compareratings

of Cognitive Dimensions.

Subject b used Serif Draw Plus4.0, avector drawing program. Subject b rated the prototype
worsein all but one QUIS aspects, all by two or three pointsdifference. Only

Inadequate/ A dequate Power receivedthesamerating, 4 (neutral).

Subject c,aCorel Draw 9 (vector drawing program) user, rated the prototype better onthree
QUISaspects(easy, dull/stimulating and wonderful) but worse onthe other three (inadequate

power, rigid and frustrating).

Subject c may have been slightly more positive about the prototype than subj ect b because
although both gave the sametime estimatesfor diagramming the cup and crane, subject ¢
found three of the stages of diagramming difficult whilst subject b found three of the stages
neutral or easy (initial questionnaire questions40 —43). Another possible reason isthat
subject b usestheir vector drawing program moreintensively than subject ¢, and hencehad
higher expectations of any new software. (Subject b used Serif Draw Plus4.0for four toless
than ten hoursaweek, whereas subject b only used Corel Draw 9for oneto lessthan four

hours aweek.)
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7.2 Summary

Thischapter described theusability eval uation by subjectsusing a usability questionnaire. A
total of ninesubjectsresponded and gavethebest QUISrating for “wonderful”. Theworst
ratingswerefor power andflexibility. “ Difficult/Easy” and* Frustrating/Setisfying” received

mixed responses.

Only three subjects answered the questions on Cognitive Dimensions. They praised the
prototypefor visibility, secondary notation, ability toevaluateat any time(HIDDVis, SECN
and PROGAnNyTime) but criticised theneed to planand usehard mental operations

(PREMMustPlan and HARDNeed.)

Two subjectsanswered both theinitial questionnaireand theusability questionnaire. Both

used vector drawing programs. Onesubject gaveworseratingsfor theprototype; theother

gave amix of better and worse ratings.
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8 Conclusions and Further Work

8.1 Meeting of Objectives

Section 1.6, p. 28, listed these objectives

a) Which softwareisused?

b) What qualitiesshould“good diagrams’ possess?

c) How well isthe software used?

d) Which approachesare most fruitful?

€) What other approaches could be used?

f) How could such approaches be refined?
Section 3.5, p. 73, listed thetypesof programsused by initial questionnairerespondents. It
also described theresponsesto the qualitiesof good diagrams. Considering objectivesc, d
and e: themost fruitful approachwasusing vector drawing programs. However, respondents
gaveinformation about anumber of other methods. Noneused origami simulators, and
athough they appeared to betheleast promising type of programinthe expert evaluation
using the Cognitive Dimensionsframework (section 4.3, p. 96), their use could addressthe

most time-consuming stage of diagramming, namely drawing step outlines.

Thenext section considershow successful the prototypedevel oped asaresult of preliminary

research hasbeeninimproving thetask of making origami diagramswith acompuiter.
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8.1.1 QUISratings for prototype and vector drawing program
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Wonder ful

Frustrating Dull
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not cnogsu
nmsu knr

Cj pr I
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| mgs
ou
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Table 19 Individual QUI Sresponsesfor vector drawing program users
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Table 20 Individual QUI Sresponsesfor prototype
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f ef
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Power Flexible

Table 19 reproduces Table 9, p. 79, and Table 20 reproduces Table 18, p. 120.These show

that the prototypewasmorestimul ating thanvector programs. However, vector programs

werestill better for power andflexibility. Frustrating/Satisfying ratingswerelargely the
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same. Terrible/Wonderful and Difficult/Easy ratingsfor the prototypewereslightly worse

because no subject was neutral about these.

Two issues arosein this study:
o theeffect of the prototype’ s fidelity on the usability evaluation

¢ thechoiceof questionnaire content and analysis

Firstly, what wasthe effect of the prototype’ s fidelity on the usability evaluation? Could the
timespentimprovingthefidelity of the prototypehavebeen better spent el sewhere?Virzi et
al. (1996) reported that thenumber of usability problemsfoundintheir two experimentswas
largely unaffected by thefidelity of product being tested. They characterisethefidelity of

prototypesalong four dimensions:

e Breadth of features —the number of featuresthe prototype supports

o Degreeof functionality —the extent to which the details of its operation are complete

e Similarity of interaction —how one communicates with the product (whether by
pressing buttons, clickingamouse, touching ascreen, speaking, etc.)

o Aestheticrefinement —aspects of the product that do not directly influenceits

functionality, such as choice of colours and graphic design

The prototype devel oped in this project can beregarded asamedium-fidelity prototype. Itis
not low-fidelity because thesetypically are paper or on-screen mock-upswhereinteractionis
usually simulated by an actor. It is not high-fidelity because the breadth of featuresand
degreeof functionality hasbeen compromised e.g. lack of fold linesand turn over symbol in

the PostScript diagrams.
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Virzi et al. (1996, p. 237 warn of one of the possible pitfalls of low-fidelity prototyping:
Because[researchers] did not accurately represent thesl ow responsetimesfor some
aspectsof theactual device'sperformance, estimatesof usability for all theprototypes

were greater than that of the actual device.

The opposite may betruefor theprototypeorigami diagrammer and simulator: respondents’
opinionsof usability may beworsethan that of thefinished program. However, thiswould be
hardto confirmwithout actually building thefinished program. Someevidencefor thisisin
thecommentsintheusability survey about thelack of performance, stability and robustness:

e Because of thebugsand software vp problemwhich | know isnow fixed

e Seftingsdon't stay

e Crashesalot

e Itseemedtodraw alot of processing power

However, theprototypewascriticised for features(or lack thereof) that wereintended to be
faithful tothefinished program (namely thefact theuser can only makevalley, mountainand
insidereversefoldsonly):

e Inability to do complex folds

o Doesnot cope withmorethan basicfolds (asdetailed in email correspondence.)

o Foldingvirtua paperisrestrictive[may betalking about inability to make some 3d

foldse.g. intraditional masu]

Virzi et al. (1996, p. 241) acknowledgethat thereisabelief that |ow-fidelity prototypes are

not suitablefor “ direct manipulationinterfaces, virtual reality or other immersivesystems, or
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to systemsthat are extremely response-time sensitive.” They are*not so sure”, but provide

little evidenceto support their belief.

Thesecondissueof the project wasthe effectivenessof the questionnairesused. Would
shorter questionnaireshavestimul ated alarger responserate? Did thequestionsmeasurewhat
they intend to measure? Therewasgenerally apositivecorrel ation between ratingsfor QUIS
aspectsand the Cognitive Dimensions —however, could adifferent set of questions have been
moreuseful inidentifying specificusability strengthsand weaknesses?|f thereweremore

respondents then more sophisticated analysis of the data would have been possible.

Althoughthenumbersof subjectsistoosmall toallow statistical analysis, their QUISratings
showed that thereissomepromiseintheuseof origami simulationfor diagramming. In
particular, theresults show improved stimul ation. Increasing power and flexibility may

improveusers level of satisfaction, ease of useand enjoyment.

8.2 Further work

Themaincriticismsfromtheusability questionnaireweretheprototype’ sinadequate power
and lack of flexibility. Theimplementation so far only allows certain kinds of folding,
namely valley andinsidereversefolds. Therearemany other typesof fold that cannot be
donee.g. all typesof rabbit’ sear, certain kindsof multiple, overlapping reversefolds,
inflation, stretching?, etc. If auser needsto make such afold then they cannot proceed any

further. Theonly optionisto continuethe diagramming by editing the output in aseparate

2 Steps 11-13 of Figure 3, p. 18, show a stretching move combined with a squash fold. This kind of move

requires more sophisticated simulation than currently available in the prototype.
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application. Somebelievethat thisisfatal flaw (Lang, 1996). Thereforetheusability of the

prototypewould be substantially increased by extending therepertoire of fol ds.

It should berelatively straightforward to implement outside reverse folds, given their close
similarity to inside rever se folds. Thiswould enable usersto make afish base (requested by
oneusability questionnairesubject). It shoul d al so bestraightforward toimplement mountain
folds (notethat userscan aready makemountainfolds, indirectly, by turning theturnthe

paper over before making avalley fold).

However, there are two obstaclesto implementing other folds: firstly, how to specify thefold
inthe user interface and secondly, how toimplement the changeinthedatastructure. The
current user interfaceforcestheuser intofolding with onehand only, whereasmost folders
usetwo handsto manoeuvre and manipul ate the paper —they do thiswithout even thinking
aboutit. Nimoy (2002) suggest using aconstraint symbol to overcomeambiguity incertain
kindsof book folds: “ Thedraggable"Hold Here" object actsasapaper weight. Two option
buttonswill send the circleup and down between layersof paper.” However, thesetypesof

abstractions may make auser interface harder tolearn and to use.

Jackson (1989) criticised thevisual appeal of computer-generated diagrams. One subject in
theinitial questionnairewrotethat hisdiagramswere*functional butlifeless’. Itispossible
to producemoreappealing diagrams, but thisrequiresmoreeffort, skill andtimefrom
diagrammersthan they may have. Thefield of Non-Photorealistic Rendering has the potential
toimprovetheaesthetic appeal of diagrams. Strothotte (2002) describessomemethods:

e changinguniformlinesintolessregular linesusing stroke-based techniques

¢ rendering 3D scenes using non- photorealistic methods
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Stroke-based methodsarecommercially availablebut arestill considered asaniche product

e.g. Creature House Expression 3, soon to be Microsoft Acrylic'®.

Futuredevel opment could usediagramformatsin additionto PostScript. SV G (Adobe
SystemsIncorporated, n.d.) allows stylesto be applied to objects. Thismay makethe output

easier to edit.

3 http://graphi cssoft.about.com/cg/illustration/gr/expression.htm
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9 Appendices

9.1 Appendix A — Gerhart-Powals’ Cognitive Engineering

Principles

Taken from Law and Hvannberg, 2004, p. 250.

P1: Automate unwanted workload

P2: Reduce uncertainty

P3: Fuse data - reduce cognitiveload by bringing together lower level dataintoa
higher level summation

P4: Present new informationwith meaningful aidstointerpretation

P5: Use namesthat are conceptually related to function

P6: Group datain consistently meaningfully waysto decrease searchtime

P7: Limit data-driven tasks

P8: Includeinthe displaysonly that information needed by the usersat agiventime
P9: Provide multiple coding of data

P10: Practicejudicious redundancy
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9.2 Appendix B — Nielsen’s ten heuristics for Heuristic Evaluation

Taken from Dix et al., 2004, p325-326.
NH1. Visibility of system statusAlwayskeep usersinformed about what isgoing
on, through appropriate feedback within reasonabletime. For example, if asystem
operation will take sometime, give an indication of how long and how muchis

complete.

NH2. Match between system and thereal world The system should speak the
user’ slanguage, withwords, phrasesand conceptsfamiliar totheuser, rather than
system-oriented terms. Follow real-world conventions; making information appear in

natural and logical order.

NH3. User control and freedom Usersoften choose system functions by mistake
and need aclearly marked ‘ emergency exit’ toleavethe unwanted state without

having to go through an extended dial og. Support undo and redo.

NH4. Consistency and standar ds Users should not have to wonder whether words,
Situationsor actionsmean thesamethingindifferent contexts. Follow platform

conventionsand accepted standards.

NH5. Error prevention Makeit difficult to make errors. Even better than good
error messagesisacareful designthat preventsaproblemfromoccurringinthefirst

place.

NH6. Recognition rather than recall Makeobjects, actionsand optionsvisible.
The user should not have to remember information from one part of the dialog to
another. Instructionsfor use of the system should bevisibleor easily retrievable

whenever appropriate.
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NH7. Flexibility and efficiency of use Allow userstotailor frequent actions.
Accelerators - unseen by the novice user - may often speed up theinteraction for the
expert user to such an extent that the system can cater to both inexperienced and

experienced users.

NHS8. Aesthetic and minimalist design Dialogs should not contain information that
isirrelevant or rarely needed. Every extraunit of information in adialog competes

withtherelevant unitsof informationand diminishestheir relativevisibility.

NHO. Help usersrecogniseerrors, diagnoseand recover from them Error
messages should beexpressedin plainlanguage (no codes), precisely indicatethe

problem, and constructively suggest asol ution.

NH10. Help