CS6008/Human Computer Interaction

HUMAN COMPUTER INTERACTION NOTES STUCOR APP
REGULATION 2013
CS6008 NOTES

DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

SYLLABUS (THEORY)
Sub. Code :CS6008 Branch / Year/ Sem : CSE/IV/VIIL
Sub.Name :Human Computer Interaction Batch :2015-2019
: Academic Year :2018-2019
LTPC
3003
UNIT I FOUNDATIONS OF HCI 9

The Human: I/0 channels - Memory - Reasoning and problem solving; The computer: Devices - Memory -
processing and networks; Interaction: Models - frameworks - Ergonomics - styles - elements - interactivity-
Paradigms.

UNIT I DESIGN & SOFTWARE PROCESS 9
Interactive Design basics - process - scenarios - navigation - screen design - Iteration and prototyping. HCI
in software process — software life cycle — usability engineering - Prototyping in practice - design rationale.

Design rules - principles, standards, guidelines, rules. Evaluation Techniques - Universal Design.

UNIT III MODELS AND THEORIES 9
Cognitive models -Socio-Organizational issues and stake holder requirements -Communication and collaboration
models-Hypertext, Multimedia and WWW.,

UNIT IV MOBILE HCI 9
Mobile Ecosystem: Platforms, Application frameworks- Types of Mobile Applications: Widgets, Applications,
Games- Mobile Information Architecture, Mobile 2.0, Mobile Design: Elements of Mobile Design, Tools.

UNITV WEB INTERFACE DESIGN 9
Designing Web Interfaces - Drag & Drop, Direct Selection, Contextual Tools, Overlays, Inlays and Virtual Pages,
Process Flow. Case Studies.

TOTAL: 45 PERIODS

TEXT BOOKS
T1. Alan Dix, Janet Finlay, Gregory Abowd, Russell Beale, "Human Computer Interaction”, 3rd Edition, Pearson
Education, 2004 (UNIT I, IT & III).
T2. Brian Fling, “Mobile Design and Development”, First Edition , O’Reilly Media Inc., 2009 (UNIT -IV).
T3. Bill Scott and Theresa Neil, “Designing Web Interfaces”, First Edition, 0'Reilly, 2009.(UNIT-V).

SUBJECT IN-CHARGE HOD

DOWNLOADLED ﬁ}g\? /\C!S‘E Wb’ \PP



CSANNAR /Huuman Camnuter Interactinn

STUCOR APP

MIEI- M.I.LE.T. ENGINEERING COLLEGE

(Approved by AICTE and Affiliated to Anna University Chennai)
INSTITUTIONS TRICHY — PUDUKKOTTAI ROAD, TIRUCHIRAPPALLI — 620 007

UNIT I

FOUNDATIONS OF HCI
The Human: I/O channels — Memory — Reasoning and problem solving; The computer:
Devices — Memory — processing and networks; Interaction: Models — frameworks —
Ergonomics — styles — elements — interactivity- Paradigms.
1. HUMAN

1.1 Introduction

Human-computer interaction (commonly referred to as HCI) researches the design
and use of computer technology, focused on the interfaces between people (users) and
computers. Researchers in the field of HCI both observe the ways in which humans interact
with computers and design technologies that let humans interact with computers in novel
ways.
User

By "user", we may mean an individual user, a group of users working together. An
appreciation of the way people's sensory systems (sight, hearing, touch) relay information is
vital. Also, different users form different conceptions or mental models about their
interactions and have different ways of learning and keeping knowledge and. In addition,
cultural and national differences play a part.
Computer

When we talk about the computer, we're referring to any technology ranging from
desktop computers, to large scale computer systems. For example, if we were discussing the
design of a Website, then the Website itself would be referred to as "the computer". Devices
such as mobile phones or VCRs can also be considered to be —computersl.
Interaction

There are obvious differences between humans and machines. In spite of these, HCI
attempts to ensure that they both get on with each other and interact successfully. In order to
achieve a usable system, you need to apply what you know about humans and computers, and
consult with likely users throughout the design process. In real systems, the schedule and the
budget are important, and it is vital to find a balance between what would be ideal for the

users and what is feasible in reality.
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The Goals of HCI

The gods of HCI are to produce usableand safe systems,as well as functiond
systems.In order o produce compuer systemswith good usabilty, developas mustattempt
to: undestand the factors that determine how people use tedhnolagy, develop tools and
tedniques to enable building suitable systems, achieve efficient, effective, and sde
interaction put peoje first.

Undealying thewhole theme of HCI is the beli ef that people using a computer system
shoutl come first. Ther needs, capabilities and preferences for condicting various tasks
shout direct developers in the way that they design systems.People should not have to
change the way thatthey usea systemin order to fit in with it. Instead, the systemshout be
designed to netch theirrequirements.

Usability
Usability is ore of thekey concepts n HCI. It is conaerned with making systems esy to learn
and use A usdle g/stemis:
e easy to learn
e easy to ranemler howto use
o effectiveto ue
e efficient to use
o sdetous
e enjoyable to use
Factorsin HCI

There are a large numbe of factors which shoutl be consdered in the andysis and
design of a systemusing HCI principles. Many of thesefactors interact with each other,
makingtheandysis even morecomplex. Themain fctors ae listed in hetablebdow:
Organisation Factors

e Training, job design, politics, roles, wok organisdion
e Environmental Factors
e Noise heting, lighting, ventilation
e Hedth and Sifety Factors
TheUser
e Cognitive processes ad capabilities
e Motivation, enjyment, satisfaction, pesordlity, experience
e Comfort Factors
e Seating, equipment, layout.
User Interface
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Input devices, output devices, dialogue strudures, use of colour, icons, commands,
navigation, gaphics, néural language, user suppaot, mutimedia
Task Factors . Easy, complex, novd, task allocdion, monioring, skils
Constraints : Cost, tmesces, budgeés, gaff, equipment, buidings
System Functionality: Hardware, software, goplication
Productivity Factors: Increase output increasequdity, decreasecosts decreaseerrors,
increase innovation
Disciplines contributing to HCI
The field of HCI covers a wide range of topics, and its development has relied on
contribuions from mary disciplines.Some of the main disciplineswhich have contributed to
HCl are:
Computer Science
e technology
e softwae design, development & maintenace
e Usa Intefface Mangyement Systems (UIMS) & Usea Intaface Development
Environments (UDE)
e prototyping tools
e graphics
Cognitive Psychology

information proessing

capabilities

limitations

coopeative working

e peaformarce prediction
Social Psychology

e socid & organizationd strudures
Ergonomics/Human Factors

e hadware design

e display readability
Linguistics

e naurd language interfaces
Artificial Intelligence

e intelligent software
Engineering & Design

e . graphic design
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e engineering principles
1.2 INPUT-OUTPUT CHANNELS

A person‘s interaction with the outsde world occurs through information beng
received and sent: input and output In an interaction with a computr the user receives
information hat is ouput by thecomputr, and responds ly provding inputto the computer
— the wer‘s output becomes the computer*s input and vice versa.

For example, sight may be used primarily in receiving information from the
computr, but it can also be usedto provide informationto the compugr, for example by
fixating on a paticular saeen point when using an eyegaze system. Input in the human
occurs mainl through the sense andoutputthrough the motor ontrol of the df ectors.

There are five majorsenses: sight, hearing, touch, taste and smell. Of thesg thefir st
three are the mostimportant to HCI. Taste and smell do not currently play a significant role
in HCI, and it is not clea whetherthey could be exploitedat all in general computer systems,
althoudh they could havearole to play in more specialized systems (smellso gve warning
of malfunction, for example) or in augmentel reality systems.vision, hearing and touchare
centrd.

There are a numberof effectors, including the limbs, fingers, eyes, head and vocal
system.In the interaction with the compugr, the fingers play the primary role, through typing
or moug control, with sone use @ voice, and eye, head and bod/ postion.

Imagine using a persand compuer (PC) with a mous and a keyboad. The
application you are using has a graphical interface, with menus,iconsand windows. In your
interaction with this system you receive information primarily by sight, from what appears on
the sceen.
1.2.1Vision

Human vision is a highly complex activity with a range of physical and perceptual
limitations We can roughly dividevisual peception into two siges: the physicd reception of
the stimulus from the outsde world, and the processing and interpretation of that stimulus.
Onthe onehand the physicd propeties of the eye and the visual systemmean thatthere are
certain things thatcannotbe seen by the human;on the otherthe interpretative capabilities of
visual processing alow images to be constucted from incompleteinformation. We need to
undestand both stage as both influence wha can and cannot be perceived visually by a
human beang, which in turn directly affects the way that we design compuer systems.We
will begin by looking at the eye as a physica receptor, and then go on to consder the
processing involved in basicvision.

The human eye
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Vision begins with light. The eye is a medanism for receiving light and transforming
it into elecrical energy. Light is reflected from objeds in the world and their image is
focusedupside down on the back of the eye. The receptors in the eye transfom it into
eledrical signds which are passed to thedain.

The eye has a numberof important componentsThe comea and lensat the front of
the eye focusthelight into a shap image on the back of the eye, theretina Theretinais light
sensitive and antains wo types of photaoeceptor. rods ad nes.

Rods are highly sensitive to light and therefore allow usto see unde alow levd of
illumination. They are unable to resolvefine detail and are subgct to light saurdion. Thisis
the reason for the tempoary blindness we get when moving from a darkened room into
sunight: the rods have been active and are saurated by the sudde light. The cones do not
opeaate eithe as they are suppresedby the rods.We are therefore tempoerily unable to see
a al. There are approxmately 120 million rods pe eye which are mainly situated towards
the alges of theretina Rods herefore dominae peripheral vision.

Cones are the second type of receptor in the eye. They are lesssensitive to light than
therodsand can therefore tolerate morelight. There are three types of cone, each sensitive to
adifferent wavelength of light. This allows color vision. The eye has approximately 6 million
cones, mainly concentraed on the fovea, a smdl area of the retina on which images are
fixated.

Figure: Humsan Exe

The retina is mainly covered with photoreeptors there is one blind spotwhere the
optic nerve enters the eye. The blind spot has no rods or cones, our visual system
compenstes br this © that in normbcircumstnces weare unaware of it.

Theretinaalso has spaalized neve cells cdled ganglion alls. Thee are two types:

X-cells, which are concentrated in the fovea and are responsble for the early
detedion of pattern; and Y-cells which are more widely distributed in the retina and are
responsble for the early detedion of movenent. The distribution of thes cells means that,
while we may not be able to detect changes in pattern in periphera vision, we can perceive
movemat.

Visual perception
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The information received by the visual apparatus must be filtered and passedto
processing elements which alow us to recognize coheent scenes, disambiguate relative
distances anddifferentiate colour.

How does the eye perceive size, depth and relative distances? To undestand this we
mustconsde how the imageappears on the retina Reflected light from the objed forms an
upsde-downimage on theretina Thesize of thatimage is spedfied as avisualange. Figure
illustrates howthe visudande is cdculated.

If we are drawing aline from thetop of the object to a central point onthefront of the
eye and a second line from the bottom of the object to the same point, the visualange of the
objed is the angle between thesetwo lines. Visud angde is affected by both the size of the
objed and its distance from the eye. Therefore if two objeds are at the same distance, the
larger one will have the larger visual angle. Similarly, if two objeds of the same size are
placed at different distances from the eye, the furthest onewill have the smallervisual angle.
The visual angle indicates how much of the field of view is taken by the objed. The visual
angle measuranentis given in either degrees or minutesof arc, where 1 degree is equivalent
to 60 mnutes of ac, and 1 minute ofarc to 60 gconds of &c.

Perceiving brightness

An aspect of visual perception is the perception of brightnessBrightnessis in fact a
subgctive reaction to levels of light. It is affected by luminance which is the amountof light
emitted by an objed. The luminane of an object is dependent on the amount of light falling
on the object‘s surface and its reflective properties. Luminance is a physical characteristic and
can be measural using a photoneter. Contrast is related to luminane: it is a function of the
luminance of an object and theluminane of its background
Perceiving colour A third factor tha we need to consder is perception of colour. Colour is
usudly regarded as being made up of three components. hue, intensity and saturation. Hueis
determined by the spectral wavelength of thelight. Blues have short wavelengths, greens medium
and reds long Approximately 150 different hues can be discriminated by the average person.
Intengty is the brightness of the color, and saturation is the amount of whiteness in the color. By
varying these two, we can perceive in the region of 7 million dfferent colors

The capabilities and limitations of visual processing
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Visud processing involves the trandormationand interpretation of acompeteimage,
from thelight that is thravn onto the &tina Visud processhg compensate for the movemaet
of the image on the retinawhich occurs as we move around and as the objed which we see
moves.Although theretind image is moving, the image thatwe perceive is stable Similarly,
colour and biightnes of objeds ae perceived a constnt, in spte of changes in luminance.

This abilty to interpret and exploit our expectationscan be usedto resolve ambiguity.

For example, consder the image shown in fgureis an anbiguous shap

Now consder Figure_s below. The context in which the object appears allows our

expectationsto clearly disambguate the interpretation ofthe objet, as @éher aB or al3.

ABC 12 13 1-

Consder Figure below, which lineis longer? Most people Wwen presentedwith this will say
that the top heis longer than thebottom. In fact, thetwo lines ae the samdengh. This mgy
bedueto a Hlse gplication ofthe lav of size congangy: the top ine gpears like a concave

edge the bottonlike a convex edge.

Reading

There are severa stagesin thereading process.First, the visual patern of the word on
the page is peceived. It is then decoded with reference to an internd representation of
language. Thefinal stage of language processing includesyntactic and semantic andysisand
opaate on phases a sentencs.

During reading, the eye makes jerky movenents called seccades followed by
fixations. Perception occurs during the fixation periods, which account for approxmately
94% of thetime elapsal. The eye movesbackwards over thetextas well as forwards,in what
are knownas regressions If the text is complexthere will be more regressons.

Adults read approxmately 250 words a minute. It is unlikely thatwords are scanned
sqially, character by character, sinceexpeaimerts have shownthat words can be recognized

as quickly as sinde characters. Insteal, familiar words are recognized using word shepe This
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meansthatremoving theword shapeclues(for example, by capitali zing words) is detrimentd
to reading speed and accuracy. The spe@ at which text can be read is a meaure of its
legbility. Experiments have shown that standad font sizes of 9 to 12 points are equdly
legble, given propottional spaing between lines . Similarly line lengths of between 2.3 and
5.2inches (58 and 132mm) are equdly legible. However, ther is evidene thatreading from
a compuer screen is slowe thanfrom a book . This is thoudt to be due to a numberof
factors irncluding alonger line length, fewer words to a pge, orientation and the &miliarity of
the mediumof the page. Thesefactors can of coursebe reduaed by careful design of textual
interfaces. a negative contrast (dark, characters on a light saeen) provides higher luminance
and, therefore, increased acuity, thana postive contrast. This will in turnincrease legibility.
Experimental evidene suggeststhatin practice negative contrast displays are preferred and
resultin more accurate performarce.

1.2.2 Hearing

Thesense of hearing is often consdered secondary to sight, but we tendto undeestimatethe
amountof informationthat we receive throughour ears. hearing begins with vibrationsin the
air or soundwaves. The ear receives thesevibrations and transmis them, throudh various
stages, to heauditory nerves. Theear comprises thresections, @mmonly known & the
Outer ear, middle ear and inner ear.

The outerear is the visible part of the ear. It has two pats: the pinna, which is the
strudure thatis attached to the sidesof the head, and the auditory canal, along which sound
waves are passedto the middle ear. The outerear seves two purpces. First, it proteds the
sensitive middle ear from damage. The auditory cand containswax which prevents dust dirt
and ove-inquisitive inseds reaching the middle ear. It also maintainsthe middle ear at a
consent tempeiature. Secondly, the pinra and auditory cand sewe to ampify sonme sounds.

The middle ear is a small cavity connected to the outer ear by the tympanc
membaneg or ear drum, and to heinnea ear by the cochlea. Within the cavity are the osstles,
thesmalkest bones in thebody. Soundwaves passalong the auditory canal and vibrate the ear
drum which in turn vibratesthe osstles, which transmt the vibrationsto the cochlea, and so
into theinnerear. This _relay* is required because, unlike the air-filled outerand middle ears,
the inner ear is filled with a densercochlean liquid. If passeddirectly from the air to the
liquid, the transmison of the soundwaves would be poor. By transmiting them via the
osscles thesound waes are concentrated and amplified.

Processing sound

Processng soundhas a numberof characteristics which we can differentiate. Pitch is
the frequency of the sound.A low frequency produces a low pitch, a high frequency, a high
pitch. Loudress s propotiond to the anplitudeof the sound;he frequency remainsconsnt.
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Timbre relates to the type of the sound:soundsmay have the same pitch and loudnessut be
madeby diff erent instrumentsand sovary in timbre We can also identify a sound‘s location,
sincethe two ears receive slightly different soundsowing to the time diff erence between the
sound reaching the two ears and the redudion in intensity caused by the soundwaves
reflecting from the hed.

The humanear can hear frequendes from about 20 Hz to 15 kHz. It can distinguish
frequency changes of lessthan 1.5 Hz at low frequendes but is less accurate at high
frequencies. Different frequendestrigger activity in neuronsin different parts of the auditory
system,and causedifferent rates of firing of nerve impulses.The auditory systemperforms
some iltering of the sownds reeived, dlowing usto ignorebackground nase and wncentrae
on important information. The exception is multimedig which may include musc, voice
commentaly and soundeffects. However, the ear can differentiate quite subtle soundchanges
and @an recognize familiar sounds whout conentrating attention on the sond soure.

1.2.3 Touch

Toudh providesus with vital informationabout our environmen. It tells us when we
touch something hot or cold, and can therefore act as a warning. It also providesus with
feedback when we attempt to lift an object, for example. Consider the act of picking up a
glassof water. If we could only see the glassand not feel when our hand madecontad with it
or fed its shape the spee and accuracy of the action would be reduced. This is the
expeience of users of certain virtua reality games:they can see the compuer-generated
objeds which they need to manipulatebut they have no physical sensation of touchirg them.
Watching suchuses can be an informative and amushg experience! Touch is therefore an
important means of feedback, and this is no less so in using compuer systems.Feeling
buttons depressis an important part of the task of pressing the button. Also, we shoul be
aware that, athough for the average person, haptic perception is a seconday souce of
information,for thosewhoseothersensesare impared, it may bevitally important. For such
uses, interfaces suchas braille may be the primary source of informationin the interaction.
The apparatus of touchdiffers from that of sight and hearing in thatit is not locdized. The
skin containsthree types of sensay receptor: themo receptors respondto heat and cold,
nodceptors respondto intensepressue, heat and pan, and mechanoreceptors respondto
pressure
1.2.4 Movement

A simple action such as hitting a button in respaseto a question involves a number
of processing stages. The stimulus (of the question) is received through the sensory receptors
and transmited to the brain. The question is processedand a valid responsegenerated. The
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brain thentells the appropriate muscles to respond.Each of these stages takes time, which
can beroughly divided into reaction time and mowement time.

Movemaent time is dependent largely on the physicd characteristics of the subgcts:
their age and fitness, for example. Reaction time varies according to the sensory channel
throudh which the stimulus is received. A person can react to an auditory signd in
approxmately 150 msto a visuasignd in 200 msand to pain in 700

A second measure of motor skill is accuracy. One question that we shoutl ask is
whether speed of reaction results in reduced accuracy. This is dependent on the taskand the
user In some cases, requiring increased reaction time reduaes accuracy. This is the premise
behind mary arcade and video games where less skilled uses fail at levds of play that
requirefasterresponsesSpeed and accuracy of movemaet are important consderationsin the
design of interactive systems, primarily in temms of the time taken to move to a particular
target on asaeen. Thetarget may be a button, amenuitem or an icon, for example. Thetime
taken to hit a target is a funcion of the size of the target and the distance that has to be
moved. This is formalized in Fitts* law . There are many variations of this formula, which
have varying consents, lut they are dl very similar. One common farm is

Movement time = a + b log2(distance/size +1)
wheeaand b ae empiricaly determined consants.
1.3HUMAN MEMORY

Our memoy containsour knowledge of actionsor procedures. It allows us to repest
actions,to uselanguage and to usenew information received via our senses. It also givesus
our sese @ identity, by preseving information from our pat experiences.

Memolty is the second part of our model of the humanas an information-processing
system.Memary is assaiated with each levd of processing. Bearing this in mind, we will
consider the way in which memoy is structured and the activities that take place within the
system. It is genedly agreed that there are three types of memory or memoyg function:
sensoly buffers, shortterm memoly or working memogy, and long-term memory. There is
somedisageementas to whethertheseare three separate systemsor diff erent functionsof the

sanesystem. It is sufficient to notethree separate types of memor. These memoresinteract,

| Short<erm mamory

. Actentio Rehesrsal |
"’E"::"' | o "'? or hklelAl v Lang=tarm mamory
Hapoe | | anataies Syl

Figure: A model ofthe strucure of memory
1.3.1 Sensory memory
The sensoly memoies act as buffers for stimuli recelved through the senses.A

sensoly memaoyy exists for each sensay channd: iconic memoy for visud stimuli, echoic
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memolk for aural stimuli and hgptic memoy for touch. These memores are consantly
overwritten by new information comingn on tese channels.

The existence of echoic memoy is evidenced by our ability to ascertain the direction
from which a soundoriginates. This is dueto informationbeang recelved by both ears. Since
this informationis received at different times,we muststorethe stimulus in the meantime.
Echoic memory allows brief _play-back _of information. Information is passed from sensory
memok into shortterm memoy by attention, thereby filtering the stimuli to only those
which ae of interestat agiven time.

Attention is the concentration of the mind on one out of a numbe of competing
stimuli or thoudhts. It is clear thatwe are able to focus our attention sdectively, choosng to
attend to onething ratherthananother This is dueto the limited capacity of our sensory and
mentd processes.

1.3.2 Short-term memory

Shortterm memory or working memory acts as a _scratch-pad‘for temporary recal of
information. It is usedto store information which is only required fleetingly. Short-term
memoy can be accessedrapidly, in the order of 70 ms. It also decays rapidly, meaning that
informationcan only be hdd there tempoerily, in the order of 200 ms. Short-term memogy
also hasalimited capecity. There are two besic methodsfor meauwing mamnory capacity. The
firstinvolves deemining the length of a sequence which can be remenbered in order. The
second dlows items D befreely recalled in ary order.

1.3.3 Long-term memory

If shortterm memory is our working memory or _scratch-pad‘, long-term memoy is
our main resouce. Here we store factual information, experiential knowledge procedural
rules of behavior — in fact, everything that we _know*. It differs from shortterm memoy in a
numberof significant ways. First, it has a huge if not unlimited, capacity. Secondly, it has a
relatively slow accesstime of approxmately a tenth of a second. Thirdly, forgetting occurs
moreslowly in long-term memoty, if at all.

Long-term memoy is intendel for the long-term storage of information. Information
is placed there from working memoy through rehearsal. Unlike working memoy there is
little decay: long-term recall after minutes isthe sane & that &er hous a days.

L ong-term memory structure

There are two types of long-term memoy: episadic memol and semantic memoy.
Episodtc memoy represents ou memory of events and gperiences in a sdaal form. It is from
this memoy thatwe can reconstuct the actual events thattook plage at a given pointin our
lives. Semanticmemoly, on the otherhand, is a structured record of facts, conaepts and skills
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that we have acquired. The information in semantic memoy is derived from that in our
episodc mamnoty.
L ong-term memory processes

This processcan be optimized in a numberof ways. Ebbindhaus performed numepus
expeaimerts on memoy, usinghimsdf as a subgct. In these expeimerts hetestal his ability
to learn and repeat nongensesyll ables, compaing his recal minutes,hours and days after the
learning process. He discovered that the amourt learned was directly propottiond to the
amount of time spent learning. This is known as the total time hypothesis. However,
expeaimerts by Baddeley and othess suggest that learning time is mog effective if it is
distributed ove time.

There are two main theoies of forgetting: decay and interference. The first theowy
suggests that the information hed in long-term memoy may eventually be forgotten.
Ebbindhaus conduded from his experimerts with nons@se syllables that information in
memolk decayed logaithmicaly, thatis thatit was lost rapidly to begin with, and thenmore
slowly. Jost‘s law, which follows from this, states that if two memory traces are equally
strongat agiven time theolderonewill bemoredurable.

The secondtheoy is thatinformationis lost from memoy through interference. If we
acquire new information it causesthe loss of old information. This is termed retroactive
interference. A comnon example of this is the fact that if you change telephonenumbes,
learning your new numbe makes it more difficult to remembe your old number This is
becausethe new associdion masksthe old. However, sometmesthe old memory trace breaks
throuch and interferes with newinformation. Ths iscalled praactive inhibition.

Forgetting is aso affected by emotional factors. In expeimens, suljects given
emotive words and norremotive words foundtheformer harder to remembe in theshort tem
but easierin thelong tem.

First, proactive inhibition demongratesthe recovery of old informaion even after it
has been _lost® by interference. Secondly, there is the _tip of the tongue® experience, which
indicates that some informaion is present but cannot be saisfactorily accessed.Thirdly,
information may not be recalled but may be recognized, or may be recalled only with
promping. This leadsusto the third processof memoy: information retrieval. Here we need
to distinguish between two types of informationretrieval, recall and recognition. In recall the
informationis reproduced from memoy. In recognition, the presentation of the information
providesthe knowledge that the information has been seen before. Recognition is the less
complex cognitive ectivity since the information s provded & acue
14 THINKING: REASONING AND PROBLEM SOLVING
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Humans, on the otherhand, are able to use informationto reasonand solve problems
and indeel do theseactivities when the informationis partial or unavail able. Human thought
is consciousand self -aware: while we may not always be able to identify the processeswe
use,we can identify the produds of theseprocesses, our thoudhts. In addition, we are able to
think aboutthings of which we have no experience, and solve problemswhich we have never
seen bdore.

Thinking can require different amouns of knowledge Some thinking activities are
much directed and the knowledge required is constained. Otheas require vast amouns of
knowledge from different domains. For example, peforming a subtaction caculation
requires a relatively small amount of knowledge, from a constained domain, whereas
undestanding newspaper headlines demads.

Reasoning

Reasonng is the process by which we use the knowledge we have to draw
condusions or infer samething new about the domain of interest. There are a numbe of
different Types of reasonng: deductive, inductive and abductive. We useeach of thesetypes
of reasoning in eweryday life, but hey differ in significant ways.

Deductive reasoning

Dedudive reasonng derives the logicaly necessay condusion from the given
premises.

For example,

If it is Friday then shewill go to wok

It is Fiday

Therefore shewill go towork.

Inductive reasoning

Induction is generalizing from cases we have seen to infer informationabout cases we
have not seen. Induction is a usetil process, which we useconsantly in learning about our
environmen. We can never see al the elephantsthathave ever lived or will ever live, butwe
have certain knowledge about elephants which we are prepared to trust for al practical
purpcses, which has largdy been inferred by induction. Even if we sav an elephant without a
trunk, we would be unlikely to move from our position that _All elephants have trunks®, since
we are bdter at using postive than negaive evidence.

Abductive reasoning

Thethird type of reasoning is abdudion. Abdudion reasonsfrom a fact to the action or state
that ausedit. This s themethod weuseto deive explandions forthe events weobseve. For
example, suppose wknow tha Sam always drives toofast when she has been drinking. If we
se2 Sam driving too fast we may infer that she has been drinking. Of course this too is
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unrdiable since there may be anotherreason why she is driving fast: she may have been
caled to an energency.
Problem solving

Human problem solving is characterized by the ability to adagpt the information we
have to deal with new situaionsoften soluions seem to be original and creative. There are a
numberof different views o how people solveproblems.

The Gestalt view that problemsolving involves both reuseof knowledge and insight.
This has been largely supersaded but the questions it was trying to address remain and its
influence can be seen in later research. In the 1970s by Newell and Simon, was the problem
spae theay, which takes the viewthat the mindg a limted information proessor.

Gestalt theory

Gestalt psychologists were answeing the claim, madeby behaviorists, that problem
solving is a matterof reproduang known resporses or trial and error. This explangion was
consdered by the Gestdt school to be insufficient to account for human problem-solving
behavior. Instead, they claimed, problem solving is both produdive and reproductive.
Reprodudive problemsdving draws on previous experience as the behaviorists claimed, but
produdive problem solving involves insight and restructuring of the problem. Indeed,
reprodudive problem solving could be a hindrance to finding a soluion, sincea pesonmay
_fixate‘on theknown aspeds of the problemand sobeunable to see novd intempretationsthat
might lead to a soluion. Gestalt psychologists backed up their claims with experimental
evidene,

Problem space theory

Newell and Simon proposel that problemsolving centers on the problem spae. The
problem spa@ comprises problem states, and problem solving involves generating these
states usinglegal statetransition opaators. The problem has an initial stateand a god stae
and people usethe opegatorsto movefrom the formerto thelatter. Such problemspaes may
be huge, and soheuristics are employed to sdect appropriate operatorsto reach the god. One
suchheuristic is meais-ends andysis In means-ends andysis the initial stateis compaed
with the god state and an opeator chosento reduce the diference beween the two.

Newell and Simon‘s theory, and their General Problem Solver model which is based
on it, have largely been applied to problem solving in well-defined domains, for example
solving puzles. These problemsmay be unfamiliar but the knowledge that is required to
solvethemis present in the statenentof the problem and the expected soluion is clea. In
real-world problemsfinding the knowledge required to solvethe problemmay be pat of the
problam, or speifying the goal may bedifficult.

Analogy in problem solving
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A third element of problem solving is the use of andogy. Simil arities between the
known domain and the new one are noted and opeators from the known domain are
transfared to the new onre.

Skill acquisition

The entire problem solving that we have consdered so far has concentrated on
handling unfamiliar problems.A comnonly studied domainis chessplaying. It is particularly
suitable sinceit lendsitsdf easily to representaion in tems of problem spae theor. The
initial stateis the opening boad postion; the god stateis oneplayer checkmatingthe other,
opeaatorsto movestates are legal movesof chess It is therefore possble to examine skilled
behavior within the context of the poblem spae theoly of problem soling.

Errorsand mental models

Human capability for interpreting and manipulatng information is quite impressie.
Some are trivia, resuling in no more thantemporay inconvenierce or annoyance. Othas
may be more seious, equiring subsantial effort to correct.
1.5THE COMPUTER
A typical computer system

There is the computer _box‘itself, a keyboard, a mouse and a colour screen. The
saeen layoutis shownalongsideit. Data have to be entered into and obtaned from a system,

and thee are also many different types o use, each with their own uniquerequirements.

A
I

Levelsof interaction — batch processing

There was minimal interaction with the madine: the userwould simply dump a pile
of punthed cards onto a reader, pressthe stat button, and thenreturn a few hourslater. This
still continues today athoudh now with pre-prepared electronic files or possbly machine-
read forms. With bach processing the interactions take place over hous or days. In contrast
thetypicd desktopcompuer systemhas interactionstaking secondsor fractionsof a second.
The field of Humar Computr Interaction largdy grew due to this change in interactive
pace.

Richer interaction — everywher e, everyway
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Information appliances are putting internet access or dedicaed systens onto the
fridge, microwave and washing machine: to automete shoppng, give you email in your
kitchen or simply cal for maintenace when needed. We carry with us WAP phone and
smatcads, have security systems that monitor us and web cams thatshov our homesto the

world.

N o oD=

by
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—

1.5.1 Elements
A computr system omprises vaious dements, each of which dfects the userof thesystem.
e Inputdevices for interactive use,alowing text entry, drawing and sdection from the
saeen:
o text entry: traditiond keyboard, phone text entry, speech and
handwriting
o pointing: principaly the mous, but also touctpad, stylus and others
o 3D intelction devices.
e Output dsplay devices for interactive use:
o differenttypes o saeen mosty using sorre form of bitmap dispdy
o largedisplys andsituaed dispays for shered and public use
o digital pape may beusable in the ner future.
e Virtual redity systemsand 3D visualization which have spesial interaction and
display devices.
e Various deices in he physica world:
o physicd controls and ddicated dispays
o sound, srdl and haptic feedback
o sensorsfor nearly everything including movemaet, tempeature, bio-
signs.
e Paper output ad input the pgperless offce and the lesspgoer office:
o different types d printers and theircharacteristics, character stylesand
fonts

o Scannes and optcal character recognition.
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1.6 Memory
1.6.1 Short term memory (RAM)

At the lowest levd of compuer memoy are the registers on the compuger chip, but
thesehaving little impact on the userexcept in so far as they affect the general speed of the
compuer? Most currently active informationis hdd in silicon-chip randomaccess memory
(RAM). Diff erent forms of RAM differ as to their precise accesstimes,powe consunption
and characteristics. Typical access times are of the order of 10 nanoseconds, that is a
hunded-millionth of a second, and information can be accessedat a rate of around 100
Mbytes(million bytes) per second. Typicd storagein moden persond compuir's is between
64 and 256 Mbytes. Most RAM s volatile, that is its contentsare lost when the powe is
turned off. However, many computrs have smallamountof nonvolatile RAM, which retains
its contents, perhaps with the aid of a small batery. This may be used to store seup
informationin a large computr, butin a podket organizer will be the whole memoy. Non-
volatile RAM is more expensive so is only usedwhere necessay, but with mary notebook
computrs usingvery low-powe staticRAM, the divideis shrinking By strict andogy, non
volatile RAM ought to be classe& as LTM, but the important thing we want to emphasie is
the gulf beween STM and LTM in a traditional compuer system.In PDAS the distinctions
becomemoreconfused as the batery power means thatthe system is never completely off, so
RAM memoy effectively lasts forever. Some aso use flash memoyy, which is a form of
silicon memoy that sits between fixed contentROM (read-only memory) chips and normd
RAM. Flashmemoy is relatively slow to write, but once written retainsits contenteven with
no powe whasoever. These are sometimescalled silicon disks on PDAs. Digital cameras
typicdly store photagraphsin someform of flash mediaand snall flash-based devices are
used to plug into a laptop or desktop’s USB port to transfer data.

1.6.2 Disksand long-term memory (LTM)

For most computr uses the LTM consets of disks, possbly with small tapes for
backup. The existence of backups,and appropiate softwae to generate and retrieve them,is
an important area for user security. However, we will deal mainly with thoseforms of storage
that impact the interactive compuer user. There are two main kinds of technology usedin
disks magnédic disks and optical disks. The mod common storaye mediag floppy disks and
hard (or fixed) disks are coaed with magnetic materal, like thatfound on an audio tape on
which the inbrmation isstored. Typicd capacities of floppy diskslie between 300 klytesand
1.4 Mbytes, but as they are removabk, you can have as mary as you have roomfor on your
desk. Hard disks may store from unde 40 Mbytes to severa gigabytes (Gbyteg that is
severa thousnd million bytes. With disksthere are two accesstimesto consder, the time
taken to find theright track on the disk, and the timeto read the track. The formerdominaes
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randomreads, and is typically of the order of 10 msfor hard disks The transfe rate once the
track is foundis thenvery high, perhaps several hundre kil obytes per second. Variousforms
of large removablemeda are aso avail able, fitting somevhere between floppy disks and
removablehard disks and are especially importent for multimediastorage. Opticd disksuse
lase light to read and (sometinmes) write the informaion on the disk. There are various high
capecity specialist optical devices, but the most common is the CD-ROM, using the sane
tedhnology as audio compac discs.CD-ROMSs have a capacity of around650 megabytes,but
cannot be written to at al. They are usdul for publishedmateial suchas online reference
books, multimediaand softwae distribution. Recordable CDs are a form of WORM device
(write-onae read-mary) and are more flexible in thatinformation can be written, but (as the
name suggets only once at any locaion — more like a piece of pgpe thana bladkboad.
They are obviousy very usetil for backupsand for produdng very secure audit information.
Finally, there are fully rewritable optical disks but the rewrite timeis typicdly much slower
thanthe read time, so they are still primarily for archival not dynamic storage. Many CD-
ROM reader/writers can also read DVD forma, originally developed for storing movies.
Opticd media are more robust than magetic disks and so it is easier to use a jukebox
arrangement, whereby many optical disks can be brought online autometically as required.
This can give an online capacity of mary hundeds of gigahytes. However, as magetic disk
capacities have grown fasterthan the fixed standad of CD-ROMSs, some massivecapacity
stores ae moving to large disk arrays.
1.6.3 Compression

In fact, things are not quite so bad, since conpressiontechniquescan be usedto
reduce the amount of storage required for text, bitmapsand video. All of thesethings are
highly redundant. Consder text for a moment.In Endish, we know thatif we usethe letter
‘q’ then ‘u’ is almost bound to follow. At the level of words, some words like ‘the’ and ‘and’
appexr frequently in text in generd, and for any particular work one can find othercommon
terms (this book mentions ‘user’ and ‘computer’ rather frequently). Similarly, in a bitmap, if
onebit is white, there is a good chance the next will be as well. Compressn algorithmstake
advantage of this redundancy. For example, Huffman encoding gives shot codes to frequent
words and runlength encoding represents long runs of the same value by lengh value pairs.
Text can easily be reduced by a factor of five and bitmapsoften compressto 1% of their
original size. For video,in addition to compresshg each frame, we can take advantage of the
fact that successve frames are often similar. We can compute the difference between
sucessive frames and then store only this — compressed,of course More sophsticated
algorithms detect when the camera pans and use this information also. These diff erencing
methoddail when the scene changes, and sothe processperiodicall y has to restat and send a
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new, complete (but compressed)image. For storaye purposes this is not a problem,but when

usedfor transmssion ower telephore lines or networks it can mean glitches in thevideo & the
systemcatches up. With thesereductionsit is certainly possble to storelow-qudity video at
64 Kbyte/s;thatis, we can storefive hoursof highly compressed video on our 1 Ghyte hard
disk. However, it still makes the humbke video cassettelook very good vaue. Probably the
leading edge of video still and photogaphic compression is fractal compresson. Fractals
have been populaized by the images of the Manddbrot sea (tha swirling patern of
computr-generated colors sen on mary T-shirtsand posérs).Fractalsrefer to any image that
containsparts which, when suitably scaled, are similar to thewhole If we look at an image, it

is possble to find parts which are approximately sdf-similar, and theseparts can be stored as
a fractal with only a few numeic parametas. Fractal compresson is especally good for

textured features, which cause problems for other compression tedniques. The
deconmpresson of the image can be performed to any degree of accuracy, from a very rough

softfocusimage to onemore detailed thanthe original. The formeris very usefil as onecan

produe poorqudity output quickly, and better qudity given moretime. The latter is rather

remaikable — the factal compresson atually fills in ddails tha are not in the orginal.

1.6.4 Storage format and standards

Themostcommon data types stored by interactive programs are text and bitmapimages, with

increasing use of video and audio, and this subgction looks at the ridiculous range of file
storgge standads. We will consder database retrievd in the next sulsection. The basic
standad for text storaye is the ASCII (Ameilican standad code for information interchange)

character codes, which asspn to each standad printable character and severa control
characters an interndiondly recognized 7 bit code (decima vaues 0-127), which can

therefore be stored in an 8 bit byte, or be transmited as 8 bits including parity. Many systems
extend the codes to the values 128-255, including line-drawing characters, mathematical

symbols and international letters such as ‘@’. There is a 16 bit extension, the UNICODE

standad, which has enough room for a much larger range of characters including the
Japanese Kanji character sd. As we have already discussd, modern documentsconsest of

morethanjust characters. Thetext is in different fonts and includes formatting information
suchas centeling, page heade's and footers. On the whole the storage of formattedtext is
vendorspeific, since virtually every application hes its own fle format. Ths is nothdped by

the fact that mary suppliers attempt to keep their file formats secret, or updde them
frequently to stop others’ products being compatible. With the exception of bare ASCII, the
mostcommon shaed formatis rich text format (RTF), which encodes formatting information
includingstyle sheés. However, even where an application will importor export RTF, it may

represent a cut-down version of the full doaument style. RTF regards the doaument as

M.LE.T.)CSE/IV/HCI



SANNK/Hirman Comnuter Interaction

formattedtext, thatis it concentrateson the appearance. Documentscan also be regaded as
strudured objeds: this book has chagpters contaning sections, subsetions. . . paragraphs
sentenes, words and characters. There are ISO standards for doaument strudure and
interchange, which in theory could be usedfor transfe between packages and sites, but these
are rarely usedin practice. Just as the PostScript language is usedto desaibe the printed
page, SGML (standard generalized markup language) can be usedto store strudured text in a
reasonalby extensibe way. You can define your own strudures (the definition itsdf in
SGML), and produce documentsaccording to them. XML (extensibe markup language), a
lightwaght version of SGML, is now used extensivey for web-based applications. For
bitmapstorage the range of formatsis seemingy unending The storal image needsto record
the size of theimage, the numberof bits per pixel, possbly a color map, as well as the bits of
the image itself. In addition, an icon may have a ‘hot-spot’ for useas a cursor. If you think of
al the ways of encoding thesefeatures, or leaving themimplicit, and then consder all the
combinaionsof the different encodings, you can see why there are problems.And all this
before we have even consdered the effects of compresson! There is, in fact, a whole
softwae indudry producing packages that convert from one format to another Given the
range of storage standrds (or ratherlack of standrds), there is no easy advice as to which is
best, but if you are writing a new word processa and are about to decide how to storethe
doaument on dik, think, jud for amonent, bebre ddining yet anotherformat.
1.Shortterm memory: RAM
2.Long-term memory: magnetic and opical disks
3.capacity limitationsrelated to documat and vico sbrage
4.Access nethodsas they limit or hdp the user
1.7 Processing & Networks

Theeffects when systems run too siw ortoo fast, he myth of theinfinitely fast mechine

l[imitationson pracessing speed
Networks andther impact on g/stem peformarce.

1.7.1 Effects of finite processor speed

Speed of processing can seaiously affect the userinterface. These effects must be
taken into accountwhen designing an interactive system.There are two sarts of faults dueto
processng spee: thosewhen it is too sbw, and thog when it is too fast!

Example of theformer above This was a functiond fault, in thatthe program did the
wrong thing. The systemis suppose to draw lines from where the mouse button is depressed
to where it is released. However, the progran gets it wrong — after realizing the button is
down, it does not check the postion of the mouse fast enough, and so the usermay have
movedthe mouse before the stat postion is registered. This is a fault at the implementation
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stage of the systemrather thanof the design. But to befair, the programmer may not be given
the iight sort ofinformation from lower levels of system softvare.

A secondfault dueto slow processing is where, in a sense,the program does the right
thing, but he feedback is o sbw, leading to stange effects at heinterface. In order to avoid
faults of thefir stkind, the systembuffers the userinput; thatis, it remembes key pressesand
moug buttonsand movanent.Unfortunatey, this leadsto problemsof its own. Oneexample
of this sortof problemis cursor tracking, which happensin character-based text editors. The
useris trying to move backwards on the same line to correct an error, and so pressesthe
cursorleft key. The cursor movesand when it is over the correct postion, the use releases
thekey. Unfortunaely, the systemis behind in responding to the user and so has afew more
cursorleft keys Moore’s law.

Everyone knowsthat computers just get fasterand faste. However, in 1965 Gordon
Moore, co-founder of Intel, noticed a regularity. It seemed that the speed of processors,
related closely to the number of transigors that could be squaskd on a silicon wafer, was
doubling every 18 monts— exponential growth. One of the authors bought his first ‘proper’
computr in 1987; it was a blindindy fast 1.47 MHz IBM compatibe (Macs were too
expensive) By 2002 a system costing the same in real tetms would have had a 1.5 GHz
processor— 1000timesfasteror 210in 15 years, thatis 10 to 18 monts. There is a similar
patern for computr memory, except thatthe doubling time for magnetic storage seemsto be
closerto oneyear. For example, when the fir st edition of this book was written one of the
authorshad a 20 Mbyte hard disk; now, 11 years later, his disk is 30 Ghytes — around210
timesmorestoraye in just 10 years. The eff ects of this are dramatic. If you took a young baby
today and stated recording a full audio video diary of every moment, day and night, of that
child’s life, by the time she was an old lady her whole life experience would fit into memoy
the siz of asmallgrain of dust

The compugr to process— the cursar thenovershmts. The usertriesto correct this by
pressing the cursar-right key, and agan overshoos. There is typicdly no way for the userto
tell whetherthe buffer is empty or not, except by interacting very slowly with the systemand
obseving that the cursar has moved after every keypress. A similar problem, icon wars,
occurs on window systems. The user clicks the mous on a menu or icon, and nothing
happens; for some reason the madiine is busy or slow. So the user clicks again, tries
something else — then,suddaly, al the buffered mous clicks are interpreted and the saeen
becomesa blur of flashingwindowsand menus.This time, it is not somuchthattheresponse
is too slow — it is fast enough when it hgppens— but thatthe responsads variable. The delays
due to swapping programs in and out of main memoy typicdly cause theseproblems.
Furthemore, a style of interaction thatis optimal on onemachine may not be soon a slowe
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madine. In paticular, mouse-basal interfaces cannot tolerate ddays between actions and
feedback of more than a fraction of a second, othewise the immediacy required for
sucaessful interaction is lost If theserespongs cannot be met then a more old-fashiored,
command-basad interface may be required. Whereas it is immedidely obvious that slow
resporses can cause problemsfor the user it is not so obviouswhy one shoutl not always
aim for a system to be as fast as possble. However, there are exceptionsto this — the user
mustbe able to read and undestand the outputof the system.For example, oneof the authors
was onae given a demorstraion disk for a spredsheé¢. Unfortunatey, the madine the demo
was written on was clearly slower than the author’s machine, not much, at worst half the
spee, but different enouch. The demo passal in a blur over the screen with nothing
remaining on the saeen long enough to read. Many high-resoluion monitors suffer from a
similar problem when they display text. Whereas older character-based terminds saolled
new text from the bottom of the saeen or redrew from the top, bitmap screens often ‘flash’
up the new page, giving no indication of direction of movemat. A final example is the rate
of cursorflashing therate is often & a fixed.
1.7.2 Limitations on I nteractive performance

There are severa factorsthat @n limit the speel of an interactive system:

Computtion bound

Storage channel bound

Graphics bound

Network capecity
1.7.3 Networ ked Computing

Computr systemsin usetoday are muchmore powerful thanthey were a few years ago,
which meansthatthe standad computer on the desktopis quite capable of high-performance
interaction without recourse to outsde hdp. However, it is often the case that we use
compuers not in their standdone mode of opeaation, but linked togethe in neworks. This
brings added benefits in allowing communicaion between different parties, providedthey are
connected into the same nework, as well as alowing the desktop compuer to access
resour@s remote from itsdf. Such neworks are inherently much more poweaful than the
individual compugrs that makeup the network: increased compuing power and memoy are
only pat of the stoty, sincethe eff ects of all owing people much more extensive fasterand
easieraccess b information ae highly signifi cant to individuds, goupsand insitutions.
1.8 INTERACTION

Interaction involves at least two participants: the userand the system. The interface

must therefore effectively translae beween them to alow the interaction to be sucessful.

Thistranslaton can fail at anumberof points and for a numberof reasons.The useof models
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of interaction can hdp us to undestand exactly what is going on in the interaction and
identify the likely root of difficulties. They aso provide us with a framework to compae
different interaction styles andto conside interaction problems.

1.8.1 Thetermsof interaction

The purpcse of an interactive systemis to ad a userin accomplishing gods from
someapplication domain A domaindefines an area of expertise and knowledgein somereal -
world activity. Someexamples of domainsare graphic design, autharing and process control
in a factory.

A domainconsstsof conceptsthathighlight its important aspeds. In a graphic design
domain, some of the important concepts are geometric shapes, a drawing surface and a
drawing utensil Tasksare opeaationsto manipulatethe concepts of a domain. A goal is the
desired output from a performed task. For example, one task within the graphic design
domainis the constuction of a specific geometic shapewith particular attributes on the
drawing surface. A related god would be to produce a solid red triangle centered on the
canvas. An inention isa spedfic action required to meet thegod.

1.8.2 The execution—evaluation cycle

Theinteractive cycle can bedivided into two majorphases: execution and evaluation.
These can then be subdivided into further stages, seven in all. The stages in Norman‘s model
of interaction ae asfollows:

1. Establising thegod.

2. Forming the intention.

3. Specifying theaction seuence.

4. Executing the ation.

5. Percelving the ystem stte.

6. Interpreting the ystem séte.

7. Evduatingthe ystem séte with respec to thegoals and inéentions.

It is liable to be imprecise and therefore needsto be translatel into the more specifi c
intention, and the actual actionsthatwill reach thegoal, before it can be executedby theuser.
The userperceives the new stateof the system, after execution of the action sequence, and
interprets it in temms of his expectations If the system statereflects the user‘s goal then the
compuer has dore wha hewantedand the inteaction ha be@ sucessful; othewisethe use
mustformulate anew goal and epeat the cycle.

Norman usesthis modé of interaction to demonstrde why some interfaces cause
problemsto their users. He describes thesein terms of the gulfs of execution and the gulfs of
evauation. As we notedearlier, the user and the systemdo not usethe same termsto desaibe
the dom@ andgods — remembe tha we called the language of the systan the core language
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and the language of the userthe task language The gulf of execution is the difference
between the user‘s formulation of the actions to reach the goal and the actions allowed by the
system. If the actions alowed by the system correspondto thoseintended by the user the
interaction will be effective. The interface shout therefore aim to reduce this gulf. The gulf
of evauation is the distance between the physical presentation of the system stateand the
expectation of the user If the usercan readily evaluatethe presentationin terms of his goal,
the gulf of evaluation is small The more effort that is required on the pat of the userto
interpret the presentation the less efective the ineraction.
1.8.3 Theinteraction framework

The interaction framework attempts a more realistic desaiption of interaction by
includingthe systemexplicitly, and breaks it into four maincomponentsThe nodes represent
the four mgor comporents in an interactive system — the §stem, he Use, thelnputand the
Output. Each component has its own language. In addition to the User‘s task language and
the System‘s core language, which we have already introduced, there are languages for both

thenputand Output cenponentsinput andOutput bgetherform the Interface.
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The gened interaction framework Trandations beween components
The System thentransfams itsdf as desaibed by the opeaations;the execution phase of the
cycle is complete and the evaluation phase now begins. The Systemis in a new state which
mustnow be communicaedto the Usa. The current valuesof system attributes are rendered
as conaepts or features of the Output. It is then up to the Usa to obseve the Output and
assesdhe results of the interaction relative to the original god, ending the evaluation phase
and, hence, the interactive cycle. There are four main translatonsinvolved in the interaction:
articulation, peformance, presentation and obseation.
Assessing overall interaction

Theinteraction framework is presented as a means to judge the overal usabilty of an
entire interactive system This is not surpising sinceit is only in attempting to perform a
paticular task within somedomainthat we are able to detemmine if the tools we use are
adequéae. For a particular editing task, one can choosethe text editor best suited for
interaction relative to thetask.The best editor, if we are forced to chooseonly one is theone
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that best suits the tasks mostfrequently performed. Therefore, it is not too disappoining that
we cannotextend theinteraction andysis beyond te scope of a paticular task.
1.9MODELS
FRAMEWORKSAND HCI

The field of ergonomics addressesissues on the userside of the interface, covering
input and output, as well as the user‘s immediate context. Dialog design and interface styles
can be placed paticularly along the input branch of the framework, addresshg both
articulation and peformance.

weral anel sregen aminsnal s mes

Figure: A framework for humanr-compugr interaction.

Presentation and saeen design relates to the output branch of the framework.
The entire framework can be placed within a sodal and organizationd contex that also
affects the interaction. Each of theseareas has important implications for the design of
interactive systems andhe paformance of the usr.
1.10 ERGONOMICS

Ergonomics (or human factors) is traditionally the study of the physical
characteristics of the interaction: how the controls are designed, the physical environmert in
which the interaction takes place, and the layout and physicd qudities of the saeen. A
primary focusis on userpeformarce and how the interface enhances or detracts from this. In
seking to evaluatetheseaspeds of theinteraction, ergonomis will certainly aso touchupon
humanpsychology and system constaints. It is a large and establshedfield, which is closely
related to but distinct from HCI, and full coverage would demanda bodk in its own right.
Here we consder afew of theissues addressedby ergonomcs as an introdudion to thefield.
We will briefly look at the arrangement of controls and displays, the physicd environmert,
health issues and the useof colour. Theseare by no meais exhaustive and are intended only
to gve an indication ofthe types of issuesrad poblems ddressed ly ergonomcs.
1.10.1Arrangement of controls and displays

The exact organization that this will sugget will depend on the domain and the

application, but posble organizations ndude thefollowing:
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e Fundiond controls and displays are organized so that thosethat are functiondly
related are placed together;

e Sequentia controls and displays are organized to reflect the order of their usein a
typicd interaction (this may be especially appropriate in domains where a particular
task squence is enbrced, suchas avidion);

e Frequency controls and displays are organized according to how frequently they are
used,with the mostcommonly usedcontrols beilg the mosieasily accessble.

The physical environment of the interaction

Physicd issues in the layout and arrangement of the madine interface,
ergonomcs is concerned with the design of the work environment itsdf. This will depend
largdy on the domainand will be more critical in spedfic control and operationd setings
thanin genea compuer use.The physical environmeit in which the systemis usedmay
influence how well it is accepted and even the hedlth and sdety of its uses. It shoub
therefore be consdered in al design. The first consderation here is the size of the uses.
Obviousy this is going to vary consderably. All uses shoutl be comfortably able to see
critical displays. For long periods of use,the use shoul be seated for comfort and stabiity.
Seating shoutl provide back support.If required to stand the usershoutl have roomto move
aroundin orde to reach al the ontrols.

1.10.2 Health issues

There are a numbe of factors that may affect the use of more general compugrs.
Again theseare factors in the physica environmen that directly affect the qudity of the
interaction and the user*s
Performance:

Usea's should beble toreach al controls comértably and se dl displys. Use's
shout not be expected to standfor long periodsand, if sitting, shoull be providedwith back
support.If a paticular position for a pat of the body is to be adopteal for long periods (for
example, in typing) supprt shoud be povided to dow rest.

Temperature

Extremes of hot or cold will affect peformarce and, in excessive cases, hedlth.
Experimental studies show that peformarce deteriorates at high or low tempeatures, with
uses beirg unale to oncentrae efficiently.
Lighting The lighting level will again depend on the work environmen. Adequée lighting
shout be providedto all ow uses to see the computer saeen without discomfot or eyestran.
Thelight soure shoutl dso be posibned to &oid dare affecting the dispay.
Noise Excessive noise can be harmful to health, causng the user pan, and in acute cases, loss of

hearing. Noise levels shoud bemaintained at a comfortable level in the work environment.
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This does not necessaily mean no noiseat al. Noise can be a stimulus to uses and can
provide neded confirmation of system ativity.

Time The time uses spand usingthe system shoul also be controlled. it has been suggested
that excessive use & CRT displys an behamful to uses, paticularly pregnant women.
Theuse of color

Colors usedin the display shoul be as distinct as possble and the distinction
shoutl not be affected by changes in contrast. Blue shoutl not be usedto display critical
information.If color is usedas an indicator it should not be the only cue additional coding
information $iould be intuded.

The colors used shoull also correspond to common conventions and user
expectations Red, green and yellow are colors frequently assaiated with stop, go and
standly respectively. Therefore, red may be usel to indicate emergency and alarms; green,
norma activity; and yell ow, standly and auxiliary function. Theseconventionsshoutl not be
violated without vey good cuse.

Ergonomicsand HCI
Ergonomcs is a huge area, which is distinct from HCI but sits alongside it. Its
contribuion to HCI is in detemining constaints on the way we design systemsand
suggesting detailed and spedfic guidelines and standads. Ergonomi factors are in genera
well establshed and undestood and are therfore used as the basis for standadizing
hardware designs.
111 INTERACTION STYLES
Interaction can be seen as a dialog between the compuer and the user The choice of
interface style can have a profoundeffect on the naure of this dialog There are a numbe of
comnon inerface stylesincluding
e command lineinterface
e menus
e naurd language
e question/ansver and query dialog
e form-fills and spredsheé¢s
o WIMP
e pointand dick
e Three-dimensiordl inteifaces.
1.11.1 Command lineinterface
The command line interface was the first interactive dialog style to be

commonly used and, in spite of the avail ability of menudriven interfaces, it is still widely
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used.lt providesa means of expressng instructionsto the computr directly, using function
keys, shgle characters, @breviationsor whole-word commands.In sone systems e
command line is the only way of communicaing with the system, espedally for remote
access using telnd. Menu-basel interfaces, providing accelerated access to the system‘s
functiondity for experienced uses. Command line interfaces are powerful in thatthey offer
direct accessto systemfundiondity and can be combined to apply a numberof tools to the
sanedaa. They are aso flexible: the command often has a numbe of optionsor parameters
that will vary its belavior in some vay, and it can be gpplied to many objects at one, makirg
it usetll for repditive tasks. Flexibility and powe brings with it difficulty in use and
learning.

Commandsmustbe remembeed, as no cueis providedin the command line to
indicate which command is needed. They are therfore beter for expet uses than for
novices. This problem can be dleviated a little by using consstent and meaningful
commandsand abbreviations. The commandsusedshoul be terms within the vocabulary of
the userrather than the technician. Unfortunately, commands are often obscue and vary
across gstems, casing confusion to he userand increasing the overhead of learning.

1.11.2 Menus

In a menudriven interface, the se of optionsavail able to the useris displayed on the
saeen, and sdected using the mouse, or numeric or alphaletic keys. Since the options are
visible they are lessdemanding of the user relying on recognition rather thanrecal. Menu
optionsstill need to be meaningful and logically grouped to aid recognition. Oftenmenusare
hierarchicdly ordered and the option required is not available at the top layer of the
hierarchy. The grouping and naming of menuoptionsthenprovidesthe only cue for the user
to find the required option. Such systems either can be purely text based, with the meru
options beng presented as numbeed choices, or may have a graphicd componentin which
the menuappears within a rectangular box and choices are madk, perhapsby typing theinitia
letter of the desired sdection, or by enteling the associaed number or by moving aroundthe

menu wth the arow keys.

q abort transactior

DOYC CYansSaf
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Figure Menu-driven inteface
1.11.3 Natural language
Uses, unable to remenmber a command or lost in a hierarchy of menus,may long for the
compuer that is able to undestand instructions expressedin everyday words! Natural
language undestanding, both of speeh and written input, is the subjct of muchinterest and
research. the ambiguity of naura language makes it very difficult for a madine to
undestand. Language is ambiguousat a numberof levds. First, the syntax, or strudure, of a
phrase may not be clear. If we are given the sentence—The boy hit the dog with the stickl
1.11.4 Question/answer and query dialog

Question and answe dialog is a simple medanism for providing input to an
application in a spedfic domain.The useris asked a seaies of questions (mainly with yes/no
responsesiultiple choice, or codes) and sois led through the interaction step by stepThese
interfaces are easy to learn and use,but are limited in functiondity and power. As such, they
are approfriate for restricted domains(particularly information systems)and for novice or
casual uses.

Form-fillsand spreadsheets

Form-filli ng interfaces are used primarily for daa entry but can also be useful in daa
retrievd applications. The useris presented wth adisply resembling a pgper form, with sbts
to fill in .Oftenthe form display is based uponan actual form with which the useris familiar,
which makes the interface easier to use. The user works through the form, filling in
appropriate values. The daa are thenentered into the application in the correct place. Most
form-filli ng interfaces all ow easy movemat around the form and all ow somefields to bel eft
blank. They aso require correction facilities, as uses may change their minds or make a
mistakeabout hevalue that belorgs in exch field. Thedialog style is ugful primarily for data
entry applications and, as itis eay to learn and us, for novice uses.

Spreadsheés are a sophisticated variation of form filli ng. The spreadsheé
comprisesa grid of cells, each of which can contain a value or a formula. The formula can
involve the values of othercells (for example, the total of al cellsin this column). The use
can enterand alter valuesand formulae in any order and the systemwill maintainconssteny
amongst the values displayed, ensuring that all formulae are obeyed. The usercan therefore
manipulatevaluesto see the effects of changing different parametes. Spreadshe¢s are an
attractive medium for interaction: the useris free to manipulatevalues at will and the
distinction between input and output is blurred, making the interface more flexible and
naurd.

The WIMP interface
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WIMP standsfor windows,icons, menusand painters (soméimeswindows,icons, mice and
pull-down menus) and is the default interface style for the majoiity of interactive computer
systems m usetoday, especially in the PC and desktop wolkstaton aena. Examples of WIMP
interfaces includeMicrosot Windowsfor IBM PC compatibkes, MacOSfor Apple Madntosh
compatibks andvarious X Windowsbased systems for UNIX.
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Point-and-click interfaces
This point-and-click interface style is obvioudy closely related to the WIMP

style. It clearly overlaps in the use of buttons, but may also include otha WIMP elements.
The philosoply is simpler and more closely tied to ideas of hypertext. In addition, the point-
and-click style is not tied to mouse-based interfaces, and is also extensivey usedin touch
saeen information systems. In this case, it is often combined with a meru-driven interface.
The pointand-click style has been populaized by World Wide Web pages, which incoiporate
al the dovetypes of pont-and-click navigation: highlighted words, nmapsand iconicbuttons.
1.11.5 Three-dimensional interfaces

There is an increasing use of three-dimensiordl effects in use interfaces. The most
obviousexample is virtua redlity, but VR is only part of arange of 3D techniquesavail able
to the interface designer. The simplesttechniqueis where ordinay WIMP elements, buttons,
saoll bas, etc., are given a 3D apperance using shadirg, giving the appearance of beng
saulpted out of stone.By unstted convention, sud interfaces have alight sour@ at their top
right. Where usedjudiciously, the raised areas are easily identifiable and can be usedto
highlight active areas. Someinterfaces make indisaiminate useof saulptural effects, on every
text area, borcer and mem, so d senseof differentiation islost
112ELEMENTSINTERACTIVITY

Dialog design is focusedalmostentirely on the choice and spedfication of appropriate
saguances of actionsand correspondng changes in the interface state It is typicaly not used
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at a fine level of detail and deliberately ignores the _semantic‘level of an interface: for

example, the vdidaion of numerc information in a brms-based system.

{ flat buttons . . .
W[
by |22

J
It is worth remembeing that interactivity is the defining feature of an interactive

...or sculptured

system.This can be seen in mary areas of HCI. For example, the recognition rate for speeh
recognition is too low to allowtransciption fromtape butin an airline reservation system,so
long as the systemcan reliably recognize yes and no it can reflect back its undestanding of
wha you sdd and sesk confirmation. Speech-based input is difficult, speeh-basal
interaction easier. Also, in the area of informaion visualization the most exciting
developments are all where users can interact with visualization in rea time, changing
paametes and seing the df ect.

Interactivity is also crucial in determining the feel‘of a WIMP environment. All
WIMP systems appear to have virtualy the same elements: windows,icons, menus pointers,
dialog boxes, buttons, etc. In fact, menusare a major difference between the MacOS and
Microsot Windows environments: in MacOS you have to keep the mouse depresseal
throughoutmenusdedtion; in Windowsyou can click onthemenuba and apull-downmenu
appears and remainsthere until an item is sdected or it is cancelled. Smilarly the detailed
behavior of buttons 5 quie mmplex.

1.13 PARADIGMS
1.13.1 Paradigms of Interaction

The paradigms of interaction are
Timesharing

Major contribuionsto comeout of this new emphasisin research were the concept of
time shaing, in which a singe compuer could supportmultiple uses. The human(or more
accurately, the programmer) was restricted to bach sessons, in which complete jobs were
submtted on punted cards or pape tape to an operator who would then run them
individually on the computer. Time-sharing systems of the 1960smadeprogramming a truly
interactive venture and brought about a subculture of programmers known as _hackers‘ —
sinde-minded mastes of detail who took pleasurein undestanding compexity. Thoughthe
purpaseof thefirstinteractive time-shaing systems was simply to augment the programming
capabilities of the early hackers, it maiked a significant stagein compuer applications for
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humanuse.Ratherthanrely on a modelof interaction as a pre-plannel activity that resulted
in a complete se of instructions beng laid out for the compuer to follow, truly interactive
exchange beween programmer and compuer was possble. The compuger could now projed
itsdf as a dedicaed patner with each individud user and the increased throughput of
information between use and compuger allowed the humanto become a more reactive and
sponaneous ollaboraor.
Video display units

In mid-1950sresearchers were experimerting with the possbility of presenting and
manipulatinginformation from a compugr in the form of images on a video display unit
(VDU). These display screens could provide a more suitable mediumthan a paper printout
for presenting vast quantities of straegc information for rapid assmilation. The earliest
applications of display screen images were developed in military applications, mostnotably
the SemiAutomatic Gound Environmat (SAGE projed of theUS Air Force.
Programming toolkits

Douglas Engelbart‘s ambition since the early 1950s was to use computer technology
as a mens ofcomplementing human poblemsolving activity.
Personal computing

Programming toolkits provide a means for thosewith subsantial compuing skills to
increase their productivity greatly. Oneof the first demongrationsthat the powerful tools of
the hacker could be made accessble to the compuier novice was a graphics programming
language for children called LOGO. A child could quite easily pretend they were inside‘the
turtle and direct it to trace out Smple geometric shapes, suches a squee or acircle. By typing
in Endish phrases, suchas go forward or Tum left, the child/progammer could teach the
turtle to draw more and more complicated figures. By adgpting the graphical programming
language to a modelwhich children could undestand and use,Paper demonstraed a valuable
maxm for interactive systemdevelopment — no matter how powerful a system may be it will
aways be moe poweful if it is eaierto us.
Window systems and the WIMP interface

Humans are able to think about more thanonething at a time, and in accomplishing
some piee of work, they frequently interrupt theircurrent train of thowght to puisue some
otherrelated piece of work. A persond compuer systemwhich forces the userto progressin
order through al of the tasksneeded to achieve some objedive, from beginning to end
without any diversions does notcorrespond o tha standad working patern.

One presentation medanism for achieving this dialog patitioning is to separate
physicdly the presentation of the different logical threads of useg—computer convesation on
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the display device. The window is the common medanism associaed with thesephysically
and logcaly sepaate diplay spaes.
The metaphor

Papert usel the méaphor of aturtle diagging its tail in thedirt. Children could quickly
identify with the real-world phenomenon and that instant familiarity gave them an
undestanding of how they could create pictures. The danger of a metghoris usuall reali zed
after the initial honeymoon period. When word processorswere fir st introduced, they relied
heavily on the typewriter metghor. The keyboard of a computr closely resambles that of a
standad typewriter, so t seens ike agood metahor from which to s#rt.
Hypertext

Hypertext is text which is not constained to be linear. Hypertext is text which
containslinks to othertexts. The term was coined by Ted Nelson around 1965.HyperMedia
is atermusedfor hypertext which is not constained to betext: it can includegraphics,video
and sound,for example. Appaently Ted Nelson was the fir st to usethis term too. Hypertext
and HyperMedia ae concepts, rot produds.
Multi-modality

Genuinemulti-modd systemsrely to a greater extenton simultaneoususeof multiple
communicaion channds for both input and output Humans quite naturdly process
information by simultaneous use of different channds. We point to saneoneand refer to
themas you‘, and it is only by interpreting the simultaneoususeof voice and touchthat our
directions are easily articulated and undestoa. Designers have wanted to mimic this
flexibility in both articulation and obsevation by extendingthe input and outputexpressons
an interactive systemwill support.So, for example, we can modify a gesture madewith a
pointing device by speaking, indicating wha operation is to be performed on the sdected
objed.
Computer -supported cooper ative wor k

Persond compuing providesindividuals with enoudh computng powe so that they
were liberatedfrom dumbteminds which opaated on atime-shaing system. It is interesting
to note that as computr networks became widespread, individuals retained their powerful
workstationsbut now wanted to reconnect themséves to the rest of the workstaionsin their
immedide working environment, and even throughout the world! One result of this
reconnection was the emergence of collaboraion between individuals via the compuer —
called compuer-supported coopeative work, or CSCW.
TheWorld WideWeb

WWW or "Web" is a globd information medium which uses can read and write via
compugrs connected to the Internet. The term is often mistakenly used as a synonym for the
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Internet itself, but the Véb isa sewice that opeates ove thelntemet, just as enail also dos.
Thehisory of the Internet dates bak significantly furtherthan tha of the World Wide Web.

The internet is simply a collection of computrs, each linked by any sort of daa
connetion, whether it be slow telephone line and modem or high-bandwidth optical
connection. The compugrs of the interng al communicae usingcommon data transmsson
protocols(TCP/IP) and addressing systems(IP addressesand domainnames) This makes it
possble for anyone to read anything from anywhere, in theoly, if it confomsto the protocol.
The web builds on this with its own layer of network protocol (http), a standad markup
notation(sud as HTML) for laying out pages of information and a global naming scheme
(uniform resour@ locaors or URLS). Web pages can contain text, color images, movies,
soundand, mostimportant, hypertext links to other web pages. Hypemedia doaumentscan
therefore be _published‘by anyone who ha access to a ompuer conrected to the intenet.
Ubiquitous computing

Ubiquitouscompuing is a paradigm in which the processing of information is linked
with each activity or objed as encounteed. It involves connetting electronic devices,
including embedding microprocessas to communicate information. Devices that use
ubiquitous compuing have constnt avail ability and are completely connected. Ubiquitous
computng focuseson learning by removing the complexity of compuing and increases
efficiency while using compuing for different daily activities. Ubiquitous compuing is also

known & pewasive @mputing, every ware and ambient intelligence.
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UNIT II
DESIGN & SOFTWARE PROCESS
Interactive Design basics— process— seenarios — navigation — saeen design — Iteration and
prototyping. HCI in sdtware process — software life cycle — usability engineering —
Prototyping in practice — design rationde. Design rules — principles, standads, guidelines
rules. Evduation Techniques- Universd Design.
2.1 INTERACTION DESIGN BASICS
Interaction design is about creating interventions in often complex situaions using
tedinology of many kinds includng PC softwae, the web and ptysical devices.
e Design involves:
1 Achieving goals within constaints and trade-off between these
2Undestanding the iaw mateials: computer and human
3 Accepting limitationsof humans ad of design.
e Thedesign pracess hasavera stages andis iterative and never complete.
e Interaction strts with getting to know the uses and theircontex:
1. Anding out who thg are and what they are like . . .pobably not like you!
2 Takingto them, waching them.
e Scenaios arerich design stories,which can be usedand reusedthroughoutdesign:
they help ussee what uses will want to do
thg give a stepby-step walkthrough of users* interactions: including what they see,
do and ae thinking.
e Useas nexd to find her way arounda system. Tlis involves
1. Helping uses know where they are, where they have been and what they can do
next
2. Creating overall structures that are easy to understand and fit the users‘ needs
3 Designing comprehensible scieensand @ntrol pands.
e Complexity of design means wedon‘t get it right first time:
1. SO weneed iteration and prototypes to ty out and evaluate
2. But iteration can get trappel in locd maxma; designs that have no simple
improvements, butre nat good theoy and modelscan hdp give good sért points.
WHAT ISDESIGN?
A simple ddiniti on is: achievinggods within constrants
Goals: what is the purpcseof the design we are intendingto produe? Who is it for? Why do
they want it? For example, if we are designing a wireless persond movie player, we may
think about young affluent uses wanting to watch the latest movies whilst on the moveand

downloa free copies,and pehgps wanting to share the experience with a few friends.
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Constraints: Wha mateials mustwe use? Wha standads mustwe adopt?How muchcan it
cost? How muchtime do we have to develop it? Are there health and safety issues? In the
caseof the persond movie player: does it have to withstandrain? Must we useexisting video
standads to downlod movies? Do we need to buld in copyright protection?
Trade-off Chooshg which gods or constaints can be relaxed sothatotheis can be met. For
example, we might find that an eye-mounted video display, a bit like thoseusedin virtua
reaity, would give the most stableimage whilst walking along. However, this would not
allow you to showfriends,and might be dangerousif you were watching a gripping pat of
the movie ayou crossel the 10ad.
The golden rule of design
The designs we produce may be different, but often the raw materals are the same. This
leads us o the glden rule of design: under stand your materials
e undestand compuers
o limitations capecities, toos, pktforms
e undestand peple
o psychological, sodal aspects, hunan eror.

2.2PROCESS
2.2.1 The Process of Design

A systemhas been designed and built, and only when it proves unusdle do they think
to ask how to do it right! In othe companie usabilty is seen as equivalent to testirg —
checking whether people can useit and fixing problems,rather than making surethey can

fromthe beginning. In the best compaies, hovever, usaility is desgned in from the stat.
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Figure: Interaction design process

Requirements — what is wanted The fir st stage is establshingwhat exactly is needed. As a
precursar to this itis usualy necessay to find outwha is curently hgppening.
Analysis. The results of obsevation and interview need to be ordered in someway to bring

out key issues and communicae with late stages of design.
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Design: Well, thisis al aboutdesign, but there is a centrd stage when you move from what
you want, to howto doit. There are numeousrules, guidelinesand design principlesthatcan
beusedto help
Iteration and prototyping: Humans are complex and we cannot expect to get designs right
first time. We therefore need to evaluate a design to see how well it is working and where
there can beimprovements.
Implementation and deployment Finally, when we are hgppy with our design, we need to
create it and deploy it. This will involve writing code, perhgps making hardware, writing
doaumentaion and maruds — everything that goes into a real systemtha can be given to
othes.
2.3 Scenarios

Scenarios are storiesfor design: rich storiesof interaction. They are perhgos the
simplestdesign representation, but oneof the mostflexible and poweaful. Somescenarios are
quite short: _the user intends to press the —savel button, but accidentally presses the —quitl
button so loses his work‘. Others are focussed more on describing the situation or context.

Scenarios force you to think about the design in detail and notice potental problems
before they happen. What is the system doing now?‘. This can help to verify that the design
would make sense to the userand aso that proposedimplementation architectures would
work.
In addition scenarios can be used to:
Communicate with others — other designers, clientsor uses. It is easy to misundestand
each othe whilst disausshg abstract ideas. Gonaete examples of useare far essier to shae.
Validate other models: A deailed scenario can be _played® against various more formal
representationssuchas tesk nodds or dialogand navigation nodds .
Express dynamics Individual saeen shos and pictures give you a sense of what a system
would look ke, but nothow it behaes.
2.4 Navigation Design

Navigation Design is the process @ activity of accurately ascertaining

onés postion and plaming and following a route. the process or activity of accurately
asartaining one's postion and planningand fdlowing aroute
Widgets The approfriate choice of widgets and wording in menusand buttonswill hdp you
know howto use them br a paticular sdection oraction.
Screens or windows You need to find things on the saeen, undestand the logical grouping
of butons.
Navigation within the application You need to be able to undestand what will happen
when abutton ispressedto undestand vhere you are in the interaction.
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Environment The word processorhas to read doaumentsfrom disk, perhgps someare on
remote neworks. You swap baween goplications, pehaps cu and paste.
2.4.1Local structure

In an ided world if uses had pefect knowledge of wha they wanted and how the
systemworked they could simply takethe shatest pah to wha they want, pressng al the
right buttonsand links. The important thing is not so muchthatthey take the mostefficient
route but ha at each point in the inteaction they can makesorne assessmet of whetherthey

are getting close to ther (often patially formed) god.
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To dothis god seking, each stateof the systemor each screen needsto give the userenough
knowledgeof what to do to gt close to ther god.

e knowingwhereyou are

e knowingwhat you can do

e knowingwhere you are going— or what will happe

e knowing where you‘ve been — or what you‘ve done.
2.4.2 Global structure— hierarchical organization

The hierarchy links saeens, pages or states in logicd groupings. The

Diagram gives a high-level breakdown of some sort of messging system. This sort of
hierarchy can be usedpurely to help during design, but ca dso be usd to strudure the actual
system. For example, this may reflect the menu strudure of a PC application or the site
strudure on tre web. Any sortof information stucturing is difficult, butthere is evidene that
peoplefind hierarchiessimpler thanmost Oneof thedifficulties with organizing information
or system functiondity is that different people have different internal strudures for their

knowledge and may use different vocabulary.
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The system

Info and help Management Messages

Figure: Application functiond hierarchy
2.3 SCREEN DESIGN AND LAYOUT

2.3.1 Toolsfor layout
We have anumberof visud tools avd able to hép us suggst o the useappropiate

ways to red and interact with a sceen or cevice.

Billing details: Delivery details:
MName: Mame:
Address: .. Address: .
Credit card no: Delivery time:
Order details:
item quantity costfitem  cost
gize 10 screws (boxes) ! 3.71 25,97

Figure: Grouping related items n an order saeen

Grouping and structure
If things logically bdong together, thenwe shoud normdly physicdly group them

together. This may involve multiple levds of structure We can see a potential design for an
ordering saeen. Notice how the details for billing and delivery are grouped together
spatidly; also no¢ how tey are sepaatedfrom the list of items atually ordered by alineas
well as spatial. This eflects thefollowing logical structure

Order:
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e Administraive information
o Billing dedails
o Dédivery ddails
e Order information
o Orde linel
o Orde line 2
Order of groupsand items
In general we need to think: wha is the naturd order for the usef?
This shout normdly match the order on screen. For daa entry forms or dialog boxes we
shout also se up the order in which thetabkey movesbeween fields. Occasionally we may
also want to force a particular order; for example we may want to be sure that we do not
forget the credit card ddail s
Decoration
Decorative features like font style, and text or background colors can be usedto
emphasie groupings.
Alignment
Alignmentof listsis also very important. For users who read text from left to right,
listsof text items shoutl normdly be aligned to theleft. Numbe's, however, shoutl normdly
be aligned to the right (for integers) or at the decimal point This is becausethe shape of the
column thengives an indication of magiitude— a sort of mini histogram. Itemslike names
are paticularly difficult.
White space
Spacing or whitespae, white spae is any section of a documentthatis unuse or
spae around an objed. White spaes hdp separate paagraphs of text, graphics, and other
portions of a doaument, and hdp a doamert look less crowded. Using white space
effectively in adoaument keepsthereader reading the documentand helps the reader quickly
find what they are interested in eading.
How to create white space
White spae is created by pressing the return key, spacebar key, or
the tab key and can also be created by sdting the doauments maigins and inseting form
feeds or téles.
2.3.2 User action and control
e Entaing informaion
In each casethe saeen consstsnot only of information presentedto the user but aso of
places for the use to enter informationor select options.Many of the sane layout issues for

daa presentation also apply to fields for daa entry. Alignment is still important. It is

M.LE.T.)CSE/IV/HCI



SANNK/Hirman Comnuter Interaction

espedally common to see the text entry boxes aligned in a jagged fashion becausethe field
names are of different lenghs. This is an occasion where right-justified text for the field
labds may be best or, aterndively, in a graphica interface a smalkr font can be usedfor
field labds and the labds placed just above and to the left of thefield they refer to. For both
presenting and entering information a tear logical layout is important.

Thetaskandysis techniques can hdp in determining how to group saeen items and also
the order in which users are likely to want to read themor fill themin. Knowing also that
uses are likely to read from left to right and top to bottom (depending on their native
language!) means that a saeen can be designed so that uses encounter items in an
appropiate ade for thetask @ hand.

e Knowingwhat to do

If everyone designs buttonsto look the sane and ments to look the same,
thenuses will be able to recognize themwhen they see them. It is important that the labds
and icons on menusare aso clea. Standads can hdp for common actions such as save,
ddete or print. For more systemspecific actions,oneneedsto follow broader principles. For
example, a button says _bold‘: does this represent the current state of a system or the action
that will be paformed f the button $ pressed?

e Affordances

Thee are espedcally difficult problemsin multimediaapplications where one
may deliberately adopt a nonstandrd and avant-garde style. How are uses supposedo
know where to click? The psychologica ideaof aff ordance says that things may suggest by
their shapeand otherattributes wha you can do to them:a handle aff ords pulling or lifting; a
button affords pushing. These affordances can be usedwhen designing novd interaction
elements. One can either mimic real-world objects directly, or try to emulate the critical
aspedts of thoseobjeds. Wha you must not do is depict a real-world objed in a contex
where its norméaaffordances do notwork!

2.3.3 Appropriate appearance

e Presentinginformation

The way of presenting information on saeen depends on the kind of information: text,
numbes, maps, tables; on the technology available to present it: character display, line
drawing, graphics,and virtual reality; and, mostimportant of al, on the purposefor which it
is being used. Thefile listingis alphalxtic, which is fine if we want to look up the deails of a
paticular file, but makes it very difficult to find recently updded files. Of course if thelist
were ordered by date thenit would be difficult to find a particular file. Diff erent purpcses
require diff erent representations For more compex numeica daa, we may be consdering
saatter graphs, histograns or 3D surfaces; for hierarchicd structures, we may consder
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outlines or organization diagams. But, no mater how complex the daa, the principle of
matding presentation to purpce remains. We have an advantage when presenting
informationin an interactive systemin thatit is easy to allow the userto chooseamong

several representations thusmakingit possble to atievedifferent gods.

F -

B OB [ichaprers-3-31-2003 =
. “Name ®|  Dare Modified

7 chis doc 2303, 4:09 am

_ chiB doc 2T/2703, 1248 am

" ¢hD7.doc 23/2/03, 1:47 am 1

W <hos.doc 10/2/03, 4:07 am

P chi9 doc 20/2/03, 10:48 pm

% chlb.doc 26/2/03, 4:40 pm

W chil.doc 19/2/03, 1:20 am

* chl2.doc 26/2/03. 4:44 pm

W ch13.doc 19/2/03, 12:09 am !

¥ chld.doc 16/2/03, 3:55 pm ’
t ? ]

Figure : Alphaketic fil e listing. Screen shotreprinted by permisson from Apple Conputer,
Inc.

Aesthetics and utility

The beauty and utility may sometmesbe at odds.For example, an indugrial control
pand will often be built up of the individual controls of several subgstans, somedesigned
by different teams, someboudht in. The resulting inconsisency in appearance may look a
mess ad suggst tidying up. Grtainly somre of this inconssteny may cause prodems.

The conflict between aesthetics ad utiity can also be sen in many
_well designed* posters and multimedia systems. In particular, the backdrop behind text must
have low contrast in order to leave the text readable; this is often not the case and graphic
designers may include excessively complex and strongbackgrounds becausethey look good.
The results are impressve, perhgs even award winning, but completely unusdle! In
consuner devices thes aesthetc considerations may often be the key differentiator
betweenprodicts, for example, the slee& curves of a car. This is not missed by designers of
eledronic goods:devices are designed to be goodto touchand feel aswell aslook at and this
is catainly oneof thedrivers for thefuturistic shaes of theApple iMac family.
Making a messof it: colour and 3D

Theincreasing useof 3D effects in interfaces has poseda whole new

sd of problemsfor text and numeical information. Whilst excell ent for presenting physicd
informationand certain sorts of graphs,text presentedin perspective can be very difficult to
read and the dl too conmon 3D pie bart is all kut uselss.
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L ocalization / inter nationalization

If you are working in a different country, you might see a document
being word processedwhere the text of the doaumentand the file names are in the locd
language, but al the menus and instructions are still in Endish. The process of making
softwae suitable for different languages and cultures is called locdization or
interndiondization.

It is clear thatwords have to change and many interface constuction toolkits makethis
easy by using resour@s. When the program usesnamesof menu items, error messges and
other text, it does not use the text directly, but instead uses a resouce identifier, usually
simply a number A simple daabaseis constuded separately that binds theseidentifiers to
paticular words and phrases. A different resource daabaseis constucted for each language,
and so the program can be customzed to usein a particular country by simply choosng the
appropiate resource daabase
2.4 TERATION AND PROTOTYPING

All interaction design includes someform of iteration of ideas. This often stats early
on with pgpe designs and stolyboads being demonstated to colleagues and potental uses.
Any of theseprototypes, whether pgoer-based or running softwae, can then be evaluated to
see whether they are acceptable and where there is room for improvement. This sort of
evaluation, intended to improvedesigns, is call ed formative evaluation. Thisis in contrast to
sumnative evaluation, which is peformedat the end to verify whether the produd is good
enough. One approach is to get an expert to use a set of guidelines, for example the _knowing
where you are‘ list above, and look screen by screen to e if there are any violations.

The other main approah is to involve real uses eithe in a controlled experimertal
setting, or _in the wild® — a rea-useenvironmen. The result of evaluating the systemwiill
usually be a list of faults or problems and this is followed by a redesign exercise, which is
then prototyped, evaluated The end point is when there are no more problemsthat can
economically be fixed. So iteration and prototyping are the universally accepted _best

practice ‘approach for interaction design.

OK?

Design }—v Prototype Evaluate Done!
-
o3 '//-"""
LG

LN

Figure:Role of prototyping
Prototyping is an example of wha is known as a hill-climbing
approah. Imagine you are standirg somevhere in the open countryside.You walk uphill and
keep going uphill as steeply as possble. Eventualy you will find yoursdf at a hill top.is
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exactly how iterative prototyping works: you stat somewere, evaluateit to see how to make

it better, change it to make it better and then keep on doing thils until it can‘t get any better.
L ;

B Py
Mea s/

*

Figure: Moving little by little ...... but ® whee?
25HCI IN THE SOFTWARE PROCESS
e Software engineaing providesa means of understandingthe strudure of the design
process, and that process can be assesse for its effectivenessin interactive system
design.
e Usaility engineering promotes the useof explicit criteria to judge the success of a
produd in tems of is usabiliy.
e |terative design practices work to incorporate crucial custoner feedback early in the
design pracess b inform critical dedsions whichaffect usabiity.
e Design involves making mary decisions among numerous aternatives. Design
rationde provides an explicit means of recording those design decisions and the
contex in which the deisions wee mack.
2.6 Software Life cycle models

In the development of a software produd, we considertwo main parties: the custoner
who requires the use of the produd and the designe who must provide the produd.
Typicaly, the custoner and the designer are groups of people and somepeople can be both
custoner and designer. It is often important to distinguish between the customer who is the
client of the designing compary and the custoner who is the eventual use of the system.
These two roles of custoner can be played by different people. The group of people who
negotiate the features of the intended systemwith the designer may never be actual uses of
the system.This is oftenpaticularly true of web applications.In this chgpter, we will usethe
term _customer® to refer to the group of people who interact with the design team and we will
refer to those Wo will interact with the deigned system & the usr or end-user
2.6.1 Activities

The graphical representation is reminiscent of a waterfall, in which each activity
naturdly leadsinto the next. Theandogy of the waterfall is not completely faithful to thereal
relationshp between these activities, but it provides a good stating point for discussng the
logical flow of activity. We desaibe the activities of this waterfall modelof the softwae life

cycle
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Figure The activities in he waterfall model ofthe softwae life cycle

Requirements specification
Requirements spedfication begins at the stat of produd development. Thoudh the
requirements are from the customer‘s perspective, if they are to be met by the software
produd they mustbe formulatedin alanguage sutable for implementation.Requirementsare
usuall initially expressal in the naive language of the custoner. The executablelanguages
for softwae are lessnaura and are moreclosely related to a mathematicd language in which
each term in the language has a precise interpretation, or senmantics.The transformationfrom
the expressive but relatively ambiguousnatural language of requirementsto the moreprecise
but lessexpressive executablelanguages is one key to suaessful development. Task analysis
tedhniques,which are usel to express work domain requirements in a form that is both
expressive and piecise.
Architectural design

The requirementsspecification concentraes on wha the systemis
supposedo do. The next activities concentrate on how the system provides the sevices
expected from it. The first activity is a high-levd decompostion of the system into
componentghat can either be brought in from existing softwae produds or be developed
from saatch independently. An architectural design performs this decompostion. It is not
only concerned with the funcdiond decompgsition of the system, deemining which
componentsprovide which seavices. It must also desaibe the interdependencies between
segaate components iad the shang of resoures that will arise beween components.
Detailed design
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The architectural design provides a decompostion of the system desaiption that
alows for isolated developmentof sgparate components which will later be integrated. For
thosecomponentghat are not already avail able for immedide integration, the designer must
provide a sufficiently detailed description so that they may be implemented in some
progranming language The detailed design is a refinement of the component desaiption
provided by the architecturd design. The behavior implied by the higher-levd desaiption
mustbe preseved in the morededailed description.

There will be more than one possble refinementof the architectural component that
will satidy the behavioral constrants. Choosng the best refinement isoften a matterof trying
to saisfy as mary of the nonfunctiond requirementsof the systemas possble. Thus the
language usedfor the deailed design must allow someandysis of the design in order to
assess & propeties.

Coding and unit testing

The deailed design for a componenbof the system shout be in sucha form thatit is
possble to implement it in same executable progranming language. After coding the
componentcan be testal to verify thatit performs correctly, according to sometestcriteria
that were determined in earlier activities. Research on this activity within the life cycle has
concentrated on two areas. There is plenty of research that is geared towards the autometion
of this coding activity directly from a low-level detailed design. Most of the work in formd
methodsopeates unde the hypothesisthat, in theory, the transfomation from the detailed
design to the implementation is from one mathematicd representation to another and so
shoul be able to be entirely automated. Other, more practical work concentrates on the
automatic generation of testsfrom outputof earlier activities which can be peformed on a
piece of codeto veify that itbehaves carectly.

I ntegration and testing

Once enouwgh componend have been implemented and individually testel, they must
beintegrated as desaibed in the architectural design. Further testirg is done to ensue correct
behavior and acceptableuseof any shaed resouces. It is aso possble at thistimeto peform
some acceptan@ testirg with the customers to ensure that the system meds their
requirements.It is only after acceptane of the integated systemthat the produd is finally
released to the custoner.

Maintenance

After produd release al work on the systemis consdered under the category of
maintenace, until suchtime as a new version of the produd demandsa total redesign or the
produd is phased out entirely. Conseaiently, the majoiity of thelifetime of a produd is spent
in the maintenace activity. Mainterance involves the correction of errors in the systems
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which are discoveed after release and the revision of the system services to sdisfy
requirements ha were not redlized duiing previous deelopment.
2.6.2 Validation and verification

Throughoutthe life cycle, the design mustbe checked to ensue thatit both saisfies
the high-level requirements agreed with the cusiomer and is aso complete and interndly
consestent. These checks are referred to as validaion and verification, respectively.
Verification of a design will mostoften occur within a singe life-cycle activity or between
two adjacent activities. For example, in the deailed design of a component of a payroll
accounting system,the designer will be concerned with the correctnessof the agorithm to
compute taxes deducted from an employee‘s gross income.

The architectural design will have provided a general specific ation of the information
input to this componentand the informationit shauld output The detailed desaiption will
introdue more informaton in refining the genera spedfication. The detailed design may
also have to change the representationsfor theinformationand will aimostcertainly break up
a sinde high-levd opedtion into several low-levd opeations that can eventually be
implemented. In introducing thesechanges to informationand operations, the designer must
showthatthe refined description is alegal one within its language (internd conssteng) and
thatit describes al of the spedfied behavior of the high-level desaiption (completeness)in a
provably correct way (relative conssteng). Validaion of a design demonstraesthat within
the various activities the customer*s requirements are satisfied.

Validaion is a much more subgctive exercise than verification, mainly becausethe
dispaity beween the language of therequirements andthe language of thedesign forbids ary
objedive form of proof. In interactive systemdesign, the vali daion against HCI requirements
is often referred to as evaluation and can be performed by the designer in isolation or in
coopeation with the customer.

2.6.3 Management and contractual issues

Thelife cycle desaibed aboveconcentrated on tle moretechnicd features of sotware
development. In atechnical discussbn, maregeria issues of design, suchas time constaints
and economc forces, are not as important. The different activities of the life cycle are
logically related to each other We can see that requirementsfor a system precede the high-
levd architecturd design which precedes the detail ed design, and soon. In redlity, it is quite
possble that some deailed design is attempted before all of the architecturd design. In
management, a much wider pespetive must be adopted which takes into account the
marketability of a system, its training needs, the avail ability of skilled personné or possble
subcatractors, and othe topics outside the activities for the development of the isolated
system.
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2.6.4 Interactive systems and the softwarelife cycle

Thelife cycle for developmentwe desaibed above presentsthe processof designin a
somewa pipeline order. In redlity, even for batch-processing systems, the actual design
processis iterative, work in one design activity affecting work in any other activity either
before or dfter it in the lifecycle.

A final point about the traditional software life cycle is thatit does not promotethe
use of notations and techniques that support the user‘s perspective of the interactive System.
We discussd earlier the purpcseof validaion and theformality gep. It is very difficult for an
expet on humancognition to predict the cognitive demandsthat an abstract design would
require of the intended user if the notation for the design does not reflect the kind of
informationthe usermustrecal in order to interact. The sane holdsfor assessinghe timing
behavior of an abstract design that does not explicitly mentionthe timing characteristics of
the opeaations to be invoked or their relative ordering. Though no strudured development
processwill entirely eliminate the formdity gegp, the particular notationsusedcan go a long
way towads making validaion of nonfundional requirements feasible with expert
assstane. In the remaining sections of this chapter, we will describe various approahes to
augment the design processto suit better the design of interactive systems These approahes
are categorized unde the banne of user-centered design.

2.7 USABILITY ENGINEERING

In relation to the sdtware life cycle, one of the important features of usabilty
engineering is the inclusion of a usabilty specification, forming part of the requirements
spedfication that concentrateson features of the user-system interaction which contribute to
the usabilty of the produd. Various attributes of the system are suggeted as gauges for
testirg the usabilty. For each attribute six items are defined to form the usabilty
spedfication ofthatattribute

Table : Sample usallity spedfication for undo wth a VCR

Attribute: Backward recoverability

Measuring concept: Undo an erroneous programming sequence

Measuring method: Number of explicit user actions to undo current program
Now level: No current product allows such an undo

Worst case: As many actions as it takes to program in mistake
Planned level: A maximum of two-explicit user actions

Best case: One explicit cancel action

Recoverability refers to the ability to reach a desired god after recognition of someerror in
previous interaction. The recovery procedure can be in either a backward or forward sense
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Current VCR design has resulted in interactive systemsthat are notoriously difficult to use;
the redesign of a VCR provides a good case study for usability engineering. In designing a
new VCR control panel, the designer wants to take into account how a user might recover
from a mistake he discovers while trying to program the VCR to record sometelevision
program in his absene. Oneapproach thatthe designer decidesto follow isto all ow the user
the ability to undothe programming sequence, reverting the state of the VCR to wha it was
before the programming taskbegan. The backward recoverability attributeis defined in terms
of a meauwing conacept, which makes the abstract attribute more concrete by describing it in
terms of the actual product. So in this case we redli ze backward recoverability as the ability
to undoan erroneousprogramming sequence. The meauring methodstates how the attribute
will be meaurel, in this case by the numberof explicit useractionsrequired to perform the
undo, regardless of where the useris in the programming sequence. The remaining four
entries in the usabilty specification thenprovidethe agreed criteria for judging the sucessof
the produd based on the meauring method. The now levd indicates the value for the
measuranentwith the existing system,whether it is compugr based or not. The worst case
value is the lowest acceptablemeaurenentfor thetask,providing a clear distinction between
what will beacceptableand wha will be unacceptablein thefinal produd. The plannel leve
is thetarge for the design and the bet @aseis thelevd which is ayreed tobethe bet posible
measuranent given the current stateof developmenttools and technolagy. In the example,
the designes can look at their previous VCR produds and thoseof ther competitors to
determine a suitable now levd. In this case it is deemined thatno current modelall ows an
undo whit reurns the stte ofthe VCR to wha it was bebre the pogramming task.

Table: Criteria by which measuring method can be deter mined
1. Time to @mplete atask
2. Per cent of taskcompleted
3. Per cent of taskcompleted pea unit ime
4. Ratio of sucesses todlures
5. Time spat in rors
6. Per cent or numbe of errors
7. Per cent or numbe of competirs betterthan it
8. Numbe of commands usd
9. Frequency of help and deumentdéion use
10. Per cent of favorable/unfavorable ugr comments
11.Numbe of repetitions of tiled commands
12.Numbe of runs d suaesses ad of fail ures
13. Numbe of times inérface misleals heuser
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14.Numbe of good and bed features recall ed by uses
15.Numbe of available @mmands notnvoked

16. Numbe of regressive behaviors

17.Numbe of uses peeferring your g/stem

18.Numbe of times uses reed to wok arounda problem
19. Numbe of times the uges disruptel from a work task
20.Numbe of times useloses corirol of thesystem
21.Numbe of times useexpresses fustration orsatsfaction
2.7.1 Problems with usability engineering

Themajorfeature of usability engineaing is the assetion of explicit usabilty metics
early onin the design processwhich can be used to judge a systemonce it is ddivered. There
is avery solid argument which points out thatit is only through empirical approahes suchas
the use of usability metrics that we can reliably build more usablesystems. Although the
ultimate yardstick for detemining usabilty may be by obseving and measuring user
performarce, that does not mean that these measurenentsare the best way to produe a
predictive design pracessfor usalility.

The problemwith usabilty metrics is thatthey rely on meaurementsof very speific
user actions in very specific situaions. When the designer knows what the actions and
situaion will be, thenshe can se goals for measured obsevations. However, at early steges
of design, designers do not have this information. Take our example usability spedfication
for the VCR. In sdting the acceptable and unacceptablelevds for backward recovery, theris
an assunption that a button will be avail able to invoke the undo. In fact, the designer was
aready making an implicit assunption that the user would be making errors in the
progranming of the VCR. We shoull recognize another inherent limitation for usabilty
engineering, which provides a means of saisfying usabilty spedfi cationsand not necessaily
usabilty. The designer is still forced to undestand why a particular usabilty metric enhances
usabilty for real peopk.

2.8 I TERATIVE DESIGN AND PROTOTYPING

Thedesign can thenbemodified to carect arny false asunptions ha
were reveded in the testing. This is the esseme of iterative design, a purpasdul design
process which tries to overcome the inherent problems of incomplete requirements
spedfication by cycling throudh severa designs, incrementdly improving upon the final
produd with each pass.

The problemswith the design process, which lead to an iterative design philosoply,
are not unique to the usability features of the intended system. The problem holds for
requirementsspedfi cation in genera, and so it is a genea softwae engineeing problem,
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together with technicd and managerial issues. On the technicd side, iterative design is
desaibed by the useof prototypes, artif acts that simulateor animate somebut not all features
of the intendd system. There are three main gproaches to pototyping:

Throw-away :The prototype is built and testel. The design knowledge gained from this
exercise is usedto build the final produd, but the actual prototype is discaded. Figure
depicts the procedure in using throw-away prototypes to arrive at a final requirements
spedfication in orde for the iest of the dsign pracess b proceed.

Incremental The final produd is built as separate componentspne at a time. There is one
oveaadl design for the final system, but it is patitioned into independent and smalkr
components.The final produd is then releasal as a seaies of products, each subsegant
release includingone more component.

Designing
component/prototype

components 1

\

no

deliver
increment

Figure: Incrementl prototyping within the lifecycle
Evolutionary Here the prototypeis not discaded and seves as the basisfor the next iteration
of design. In this ase the actual system is sea as evolving from avery limited initial version
to its final Elease
Evolutionary prototyping also fits in well with the modificationswhich mustbe madeto the
system hat aiise during the opeation and maintenance activity in thelife cycle.

Prototypes differ according to the amount of funciondity and
performarce they provide relative to the final produd. An animation of requirementscan
involve no real fundionality, or limited functiondity to simulate only a small aspe¢ of the
interactive behavior for evaluative purpacses. At the other extreme, full functiondity can be
providedat the expenseof otherperformance characteristics, suchas speed or error tolerance.
Regardless of the levd of functiondity, the importance of a prototype lies in its projeded
realism. The prototype of an interactive systemis usedto testrequirementsby evaluating
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their impact with real uses. An honest apprasal of the requirementsof the final systemcan
only be trustedif the evaluation conditions are similar to thoseanticipated for the actual
opeation. But providing realism s costy, so here mustbe support.
Time Building prototypes takes time and, if it is a throw-away prototype, it can be seen as
precious time taken away from the real design task. So the value of prototyping is only
appreciated if it is fast, hence the use of the term rapid prototyping. Rapid development and
manipulation of grototype shout not ke mistaken for rushedevauation which might lead to
erroneous results and invalidatethe only advantageof using a prototype in the first place.
Planning Most projed manaers do not have the expeience necessary for adeguately
planningand costing a design process which involes protoyping.
Non-functional features Often the most important features of a system will be non
functiond ones, suchas sdety and reliability, and theseare precisely the kinds of features
which are sacrificed in developing a prototype. For evaluating usablity features of a
prototype, responsetime — yet anothe feature often compromsed in a prototype — could be
critical to produd acceptane. This problemis similar to the technicd issue of prototype
realism.
Contracts The design processis oftengoverned by contractual agreements between custoner
and designer which are aff ected by many of thesemanayerial and technical issues. Prototypes
and other implementations cannot form the basis for a legal contract, and so an iterative
design processwill still require doaumentaon which seves as the binding agreement. There
must be an effective way of translating the resuts derived from prototyping into adequate
doaumentaion. A rapid prototyping process might be amendle to quick changes, but that
does notdso appy to the design pracess.
2.8.1 Techniquesfor prototyping

Probably the simplest notion of a prototype is the storyboad, which is a graphical
depiction of the outward appearance of the intendad system, without any accompanying system
fundiondity. Storyboads do not require much in terms of computing power to congruct; in fact,
they can be mocked up withoutthe aid of any computing resource. The origins of storyboadsare
in the film indugry, where a series of panels roughly depicts snagpshots from an intended film
sequence in order to get the idea across aboutthe eventud scene. Similarly, for interactive system
design, the storyboads provide sngpshots of the interface at paticular points in the interaction.
Evaluaing cugomer or user mpressionsof the soryboads can deerminerelatively quickly if the
design is heading in theright direction.

Modem graphical drawing packages now makeit possble to create storyboads with
the aid of a compuer insteal of by hand. Though the graphic design achievable on saeen

may not be as sophsticated as that possble by a professond graphic designer, it is more
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redli stic becausethefinal systemwill have to be displayed on a saeen. Also, it is possble to
provide crude but eff ective animation by automated sequencing through a series of snapshots.
Animationil lustratesthe dynamic aspects of theintended user-systeminteraction, which may
not be possble with traditional pgper-based storyboads. If not animated, storyboards usually
includeannotationsand <ripts indicaing how tre interaction will oacur.
Limited functionality ssmulations

Storyboads and animation techniquesare not sufficient for this purpese as they
cannot portray adequaely the interactive aspects of the system.To do this, someportion of
thefundiondity mustbe simulated by the design team. Programming support for simulations
means a designer can rapidly build graphical and textual interaction objeds and attach some
behavior to thoseobjeds, which mimics the system‘s functionality. Once this simulation is
built, it can be evaluated and changed rapidly to reflect the results of the evaluation study
with varnous ses.
High-level programming support

HyperTak and many similar languages allow the programmer to attach functiond
behavior to the spedfic interactionsthatthe userwill beable to do, suchas postion and click
on the mous over a button on the saeen. Previoudy, the difficulty of interactive
progranming was thatit was soimplementation dependent that the programmer would have
to know quite a bit of intimatedetail of the hardware system in order to control even the
simplest of interactive behavior. These high-levd progranming languages alow the
programmer to abstract away from the hardware specifics and think in termsthatare close to
the way the input and output devices are perceived as interaction devices. The frequent
conceptual model put forth for interactive system design is to sepaate the application
functiondity from its presentation. It is thenpossble to program the undelying functiondity
of the systemand to program the behavior of the userinterface sepaately. The job of a
UIMS, then,is to allow the programmer to connect the behavior at the interface with the
undelying functiondity.
2.8.2 Warning about iterative design

Theided modelof iterative design, in which arapid prototype is designed, evauated
and modified until the best possble design is achievel in the given project time, is appedling.
But there are two problems

First, it is often the case that design decisions madeat the very beginning of the
prototyping process are wrong and, in practice, design inertia can be so great as never to
overcomean initial bad decision. So, whereas iterative design is, in theay, amendle to great
changes through iterations, it can be the case that the initial prototype has bad features that
will ‘not be anendel.
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The second problem is slightly more subte, and seious. If, in the process of
evaluation,a potentialusability problem is diagnosedlit is important to understand the reasan
for the poblem and not pst detet the symptom.
2.9DESIGN RATIONALE

Design rationde is the informationthatexplainswhy a compugr systemis the way it

is, including its strudurd or architectural description and its functiond or behavioral
desaiption. In this sense,design rationde does not fit squagly into the softwae life cycle
desaibed in this chgpter as just anotherphase or box. Rather, design rationde relates to an
activity of both reflection (doing design rationale) and documentdéion (creating a design
rationde) that ocurs thioughout he entire life cycle.
In an explicit form, a design rationde provides a communicaion mechanism among the
membes of a design team so that during later stages of design and/or maintenace it is
possble to undestand what critical decisionswere made what alternatives were investgaed
(and, possbly, in what order) and thereasonwhy onealternative was chosen over the others.
This can hdp avoid incorect assumpbns kter.

e Accumulated knowledge in the form of design rationdes for a se of producs can be
reusedto transfa wha has worked in one situaion to another situation which has
similar needs. The design rationde can capture the contex of a design decision in
order tha a different desgn team can detemmineif a similar rationde is appropriate for
their produd.

e The effort required to produce a design rationde forces the designer to ddiberate
more carefull y aboutdesign decisions. The processof ddiberation can be assstedby
the design rationde techniqueby suggesting how argumentgustifying or discading a
paticular design option ae formed.

In thearea of HCI, design raionde has been paticularly important, egain for sevea reasons:

e Thereis usually no single best design alternaive. More often, the designe is faced
with a sda of tradeoffs baeween different aternatives. For example, a graphica
interface may involve a set of actions ha the use can invokeby use ¢ the mous and
the designer must decide whether to present each action as a _button‘on the screen,
which is always visible, or hide al of the actionsin a menu which mustbe explicitly
invoked before an action can be chosen. The former option maxmizes the opeaation
visibility but the latter option takes up less saeen space. It would be up to the
designer to determine which criterion for evaluating the optionswas more important
and then ommunicaing that infomation n adesign rationde.

e Even if an optimal soluion did exist for a given design decision, the spa@ of

aterndives is sovast thatit is unlikely a designer would discove it. In this case it is
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important thatthe designer indicatesall alternatives thathave been investigated. Then
later onit can be determined if she has not considered the best solution or had thought
about it and discaded it for some reason. In projed manaement, this kind of
accountabilty for design is good.
e Theusabilty of an interactive systemis very dependent on the contex of its use.The
flashiestgraphicd interface is of no useif the end-userdoes not have access to a high-
qudity graphicsdisplay or a pointing device. Capturing the context in which a design
decision ismadewill hdp later when new products ae designed.
If the contex remainsthe same, thenthe old rationde can be adoptedwithout revision. If the
context has changed samehow the old rationde can be re-examined to see if any rejected
aterndives ae now moe favorable orif any new dternaives ae now posible.
2.9.1 Process-oriented design rationale

Rationale is based on Rittel‘s issue-basel information system, or IBIS, a style for
representing design and planning dialog developed in the 1970s. In IBIS (pronourced
_ibbiss®), a hierarchical structure to a design rationde is created. A root issue is identified
which represents the main problem or question that the argumentis addressng. Various
postions are put forth as potentialresoluions for the root issue, and these are depicted as
descendants in the IBIS hierarchy directly connected to the root issue Each postion is then
supporte or refuted by argumentswhich modify the relationship between issue and postion.
Thehierarchy grows as seconday issues are raised which modify the rootissuein someway.
Each of theseseconday issues is in turn expanded by postionsand arguments,further sub

issues, andso on.
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Figure: Thestructure of a gIBIS design rationde
A graphical version ofIBIS has been ddined by Conklin and Yaemovic called gIBIS

(pronounced _gibbiss‘), which makes the structure of the design rationale more apparent
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visually in the form of a directed graph which can be directly edited by the creator of the

design rationde. Above figure gives a representation of the gIBIS vocabulaly. Issues,
postionsand argumentsare nodes in the graph and the connectionsbetween themare labded

to clarify the relationship between adjacent nodes. So, for example, an issue can suggest

further subissues, or a postion can respondto an issue or an argument can supporta
postion. The gIBIS structure can be supportéd by a hypertext tool to allow a designer to

create and biowsevarious pats ofthe deign rationde.

2.9.2 Design space analysis

MacLean and colleagues have propose a more ddiberative approah to design rationde

which emphasies a pog hoc struduring of the spae of design alternaives that have been

consdered in a design projed. Thear approaech, emboded in the Questions, Options and

Criteria (QOC) notation is chaacterized as design spa@ andysis issues raised basad on

reflection and undestanding of the actual design activities. Questions in a design space

andysis are therefore similar to issues in IBIS except in the way they are captured. Options
provide alternative soluionsto the question. They are assesse according to somecriteria in

order to detemine the mostfavorable option. In Figure an option which is favorably assessed
in terms ofa criterion is inked with asold line, whereas regative links hae adashed line

g Critarion

Optan «
Queation ¢ [OpaonL “ » Criterion

Optian <

* Criterion

Cemsequent quention <

Queation «

Figure: The QOC notation
The key to an effective design space andysis usingthe QOC notationis deciding the right
gusstionsto useto strudure the space and the correct criteria to judge the options. Theinitial
guestions raised must be sufficiently genera that they cover a large enough portion of the
possble design spae, but spedfic enough thata rangeof optionscan be clearly identified. It
can bedifficult to dedde the iight set ofcriteria with which to @sess the optien
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Structure-oriented technique called Decison Representation Language (DRL),
developal by Lee and Lai, structures the design space in a similar fashion to QOC, though its
language is somewhd larger and it has a formal semantics. The questions optionsand criteriain
DRL are given the names. decison problem, aternaives and gods. QOC assessments are
represented in DRL by a more complex language for relating gods to alternaives. The sparse
language in QOC used to assess an option relative to a criterion (postive or negative assessment
only) is probaly inaufficient, but there is a trade-off involved in adoping a more complex
vocabulary which may prove too difficult to use in practice. The advantage of the formal
semantics of DRL is tha the design rationale can be used as a computationd mechanism to hdp
manage the large volume of information. For example, DRL can track the dependendes beween
different decision problems, so that subsequet changes to the design rationde for one
decision problemcan be autormeticall y propagatedto otherdependent problems.Design spae
andysis directly addresses the claim that no design activity can hope to uncver al design
possbilities, so the best we can hope to achieve is to doaumentthe small part of the design
spae thathas been invedigated. An advantage of the posthoctediniqueis that it can abstract
away from the particulars of a design meding and therefore represent the design knowledge
in suchaway that it can be of usein the design of otherproduds. The major disadvatageis
the increased overhead such an analysis warrants. More time mustbe taken away from the
design activity to do this sgparate doaumentaion task. When time is scarce, thes kinds of
overhead costsare the frst o betrimmed.

2.9.3 Psychological design rationale

The final category of design rationde tries to make explicit the psychological
claims of usabilty inherent in any interactive systemin order better to suit a product for the
tasksuses have. This psychological design rationde has been introdued by Carroll and
Rosson,and before we desaibe the application of the techniqueit is important to undestand
some ofits theoetical background.

When designing a new interactive system, he designers t&ke into account hetasks
that uses currently peform and any new ones that they may want to peform. This task
identification seves as part of the requirementsfor the new system,and can be donethrough
empirical obsevation of how people peform their work currently and presented through
informal language or a more formal task analysis language. When the new system is
implemented, or becomes an artifact, further obsevation reveals that in addition to the
required tasksit was built to support,it also supportsuses in taks that the designer never
intended. Once designers undestand thesenew tasks, and the associded problems that arise
between them and the previoudy known tasks, the new task ddfinitions can seve as

requirements fa futureartifacts.
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Carroll refers to this real-life phenomenonas the task-artifact cycle. He providesa
good example of this cycle through the evolution of the electronic spreadsheet. When thefir st
eledronic spreadsheg VisiCalc, was maiketedin the late 1970s,it was presented simply as
an automated means of supporting tabula calculation, a task comnmonly used in the
accounting world. Within little over a decade of its introdudion, the application of
spreadshests had far outstripped its original intent within accounting. Spreadsheés were
being used for all kinds of financial analysis, _what-if ‘simulations, report formatting and
even as a geneaa programming language paradigm! As the sd of tasks expands, new
spreadshest produds have flooded the marketplace trying to saisfy the growing custorrer
base Anothe good example of the task-artifact cycle in action is with word processing,
which was originally introdueed to provide more automated suppat for tasks previoudy
achievad with a typewriter and now provides uses with the ability to carry out various
authoringtasksthatthey never dreamed possble with a conventiond typewriter. And today,
the tasks forthe speadsheet and theword procesor are intermingled in thesameartifact.

The purpase of psychological design rationde is to support this naurd task- artifact
cycle of design activity. The main emphasis is not to capture the designer‘s intention in
building the artifact. Rather, psychological design rationde ams to make explicit the
conseaiences of a design for the use, given an undestanding of what taskshe intends to
peform. Previoudy, these psychological conse&uences were left implicit in the design,
thoudh designers would makeinformal daims about ther systems

The first step in the psychological design rationde is to identify the tasks that the
proposel systemwill addressand to characterize thosetasksby questionstha the usertriesto
answe in accomplishing them.For instance, Carroll gives an example of designing a systan
to hdp programmers learn the Smalltalk objed-orientedprogramming language environmert.
The maintaskthe system is to supportis learning how Smalltalk works. In learning aboutthe
programming environment, the programme will peform tasksthat help he answe the
guestions:

e Wha can | do: that is, wha are the possble opeations or functions that this

programming environment allows?

e How does it work: tha is, wha do thevarious functions d@

e Howcanl do ths: tha is, on@ | knowa paticular opeation | want to peform,

e Howdol go aoutprogramming it?

2.10 DESIGN RULES
e Designing for maximum usabilty is thegoal of interactive systems ésign.
e Abstract principles offer a way of understanding usabilty in a more genera sense,

espedally if we can express hem within sane @heaent catalog.

M.LE.T.)CSE/IV/HCI



SANNK/Hirman Comnuter Interaction

e Design rules in the form of standads and guidelines provide direction for design, in
bothgeneral and more concrete terms, in order to enhance theinteractive propeties of
the gstem.

e The essentialcharacteristics of good design are often sumnarized through _golden
rules‘ or heuristics.

e Design pdaterns provide a potentially generative approah to capturing and reusing
design knowledge.

2.10.1 PRINCIPLES TO SUPPORT USABILITY

The prindples wepresent are first divided into hree main @tegories:

L earnability — the eassewith which nev uses can begin eff ective interaction and ahieve
maxmal performane.

Flexibility — the multplicity of ways in which theuserand s/stem &changeinformation.
Robustness - the level of suppot providedto theuserin ddemining suc@ssful a&hievement
and assessment gjoals.

Table: Summary of principles afecting learnability

Principle Definition Related principles

Predicaability Support for the user to determine the effect of Operation visibility
future acton based on past interaction hstory

Synthesizability Support for the user to assess the effect of Immediate/eventual
past operations on the current state honesty

Familarity The extent to which a user’s knowledge and Guessability,
experience in other real-world or computer- affordance

based domains can be applied when interacting
with a new system

Generalizability Support for the user 1o extend knowledge -
of specific Interaction within and across
applications to other similar situations

Consistency Likeness in input—output behavior arising from -
similar situatons or similar task objectives

Predictability

Predictability of an interactive systemis distinguishedfrom deterministic behavior of
the compuer system alone. Most computer systans are ultimately deterministic madines,so
thatgiven the state at any one pointin timeand the opeaationwhich is to be performedat that
time,there is only onepossble statethat can result. Predictability is a usercentered concept;
it is deeministic behavior from the perspective of the user It is not enough for the behavior
of thecomputr systemto be deemined completely fromits state as the use mustbeable to
takeadvantage of thedeterminism.

Synthesizability
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When an opeaation changes someaspect of the internd state it is important that the
change is seen by the user The principle of honesty relates to the ability of the use interface
to provide an obsevable and informative account of such change In the best of
circumsances, this notification can come immediatdy, requiring no further interaction
initiated by the user At thevery least, the notification shout appear eventudly, after explicit
userdirectives to makethe change observable. A good example of the distinction between
immediay and eventudity can be seen in the comparson beween command language
interfaces and visual desktop interfaces for a file manaementsystem.You have movedafile
from onedirectory to another The principle of honesty implies that after moving the file to
its new locdion in the file systemyou are thenable to deemine its new whereabouts In a
command language system, you would typically have to remembe the destinaion directory
and then ask to see the contentsof that directory in order to verify that the file has been
moved(in fact, you would aso have to check thatthefile is nolonger in its original directory
to deemine thatit has been movedand not copied). In a visual desktopinterface, a visual
representation (or icon) of the file is dragged from its original directory and placed in its
destinaion directory where it remainsvisible (assumng the destinaion folder is sdected to
reveal its contents). In this case the userneed not expend any moreeffort to assessheresult
of the moveopeation. Thevisual dektopis immediatdy honest.

Familiarity

New users of a systembring with thema wealth of experience acrossa wide number
of application domains.This experience is obtaired both through interaction in thereal world
and throudh interaction with othercomputr systems.For a new user the familiarity of an
interactive system measures the correlation between the user‘s existing knowledge and the
knowledge required for effective interaction. For example, when word processorswere
originally introducd the andogy beween the word processorand a typewriter was intended
to makethe new technology more immediaely accessble to thosewho had little experience
with theformer but a lot of experience with thelatter. Familiarity has to do with a user‘s first
impression of the system In this case we are interestedin how the system is fir st perceived
and wheherthe usercan determine how to intiate any interaction.

Generalizability

The genedlizability of an interactive system supportsthis activity, leading to a more
complete predictive modd of the system for the user We can apply genedization to
situaionsin which the userwants to apply knowedgethat hdps achieve oneparticular god
to anothersituaion where the god is in someway similar. Generali zability can be seen as a
form of conssteny. Geneadlization can occur within a single application or acrossa variety

of applications. For example, in a graphicd drawing package that draws a circle as a
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constainedform of ellipse we would want the use to generali ze thata squae can be drawn
as a constainedrectangle. A good example of generali zability acrossa variety of applications
can be seen in multi-windowing systemsthat attempt to provide cut/pastécopy opeationsto
al applicationsin the saneway (with varying degrees of sucess).Generali zability within an
application an bemaxmized by any conscentious dsigner.
Consistency
Consbteny relates to the likeness in behavior arising from similar situations or

similar task objedives. Conssteny is probaly the mostwidely mentiored principle in the
literature on user interface design. _Be consistent!* we are constantly urged. The user relies
on a consetentinterface. However, the difficulty of dealing with consstengy is thatit can
take mary forms. Consesteng is not a single propety of an interactive systemthatis either
sdisfied or not sdisfied. Instead, conssteny mug be applied relative to something. Thuswe
have conssteny in command naning, or conssteny in command/egument invocation.

Consbsteny can be expressedin tems of the form of input expressons or output
responsesvith respect to the meaning of actionsin someconceptual modelof the system.For
example, before the introdudion of explicit arrow keys, someword processorsusedthe
relative postion of keys on the keyboad to indicate directiondity for opeations (for
example, to move one character to the left, right, up or down) The conceptual model for
display-based editing is a two-dimensioral plane sothe userwould think of certain classe of
opeadtions in terms of movemats up, down, left or right in the plane of the display.
Opeationsthat required directiond information, suchas moving within the text or deleting
someunit of text, could be articulated by using somesé of keys on the keyboard thatform a
patern consstent with up, down, left and right (for example, the keys e, x, s and d,
respetively). For outpu responses,a good example of conssteny can be found in a
warnings systemfor an aircraft. Warnings to the pilot are classified into three categories,
depending on whether the situation with the aircraft requires immedide recovery action,
eventual but noimmedide ation, orno ation & all (advisay) on thepart of the cew.

Table: Summery of principles afecting flexibility
Prcipe Dafnition Retsted principles

Muslit thvremndivig AbiBivy o the systorss b sUppesrt Liner
MBracton pertaming to mars than one Intarteaving

Dial og-hitiative
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The systemcan initiate all dialog in which casethe usersimply respondsto requests
for information.We cal this type of dialog system pre-emptive. For example, a modaldialog
box prohibits the userfrom interacting with the systemin any way that does not direct input
to the box. Alternaively, the usermay be entirely free to initiate any action towards the
system,in which casethe dialogis userpre-emptive. The systemmay control the dialogto
the extent that it prohibits the user from initiating any othe desired communicaion
concerning the current task or some other task the user would like to perform. From the user‘s
perspective, a systemdriven interaction hindess flexibility whereas a userdriven interaction
favours it. In general, we want to maximize the user‘s ability to pre-empt the systemand
minimize the system‘s ability to pre-empt the user. Although a systempre-emptive dialog is
not desirable in general, somesituaionsmay require it. In a coopeative editor (in which two
people edit adoaumentat the sametime)it would beimpolite for you to erasea paragraph of
text thatyour partner is currently editing. For sdety reasons,it may be necessay to prohibit
the user from the _freedom* to do potentially serious damage. A pilot about to land an aircraft
in which the flaps have asymmetricaly failed in their extendel postion2 shoutl not be
allowead to abort the landing as this failure will amost certainly resutlt in a catastrophic
accident.

Multi-threading

A thread of a dialog is a coheent subsebf thatdialog. In the user—systemdialog, we
can consde a thread to be that pat of the dialog that relates to a given usertask. Multi-
threading of the user—system dialog al ows for interaction to supportmore thanonetaskat a
time. Conaurrent multi-threading alows simultaneous communicaion of information
pertaining to separate taks. Inteleaved multi-threading permits a tempogl overlap between
separate tasks, buttspulates that at ay given insant the dialogis restrictedto a sinde task.
Task migratability

Task migratability concerns the trander of control for execution of taks beween
systemand user. It shoul be possble for the user or systemto passthe control of a taskover
to the other or promok the task from a completely interndized one to a shaed and
coopeative venture. Hence, a taskthatis internd to one can becomeinternd to the othe or
shaed baween the two jartners.

Substitutivity

Substtutivity requires that equivalent values can be subsituted for each other For
example, in consdering the form of an input expresson to determine the maigin for a letter,
you may want to enterthe value in either inches or centimetes. You may also want to input
the value explicitly (say 1.5 inches) or you may want to enter a calculation which produces
the right input value (you know the width of thetext is 6.5 inches and the width of the paper
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is 8.5 inches and you want the left mamgin to be twice as large as the right mamin, so you
enter 2/3(8.5 — 6.5) inches). This input substitutivity contributes towards flexibility by
allowing the userto choosewhichever form best suits the needs of the moment.By avoiding
unnecessary calculations in the user‘s head, substitutivity can minimize user errors and
cognitive effort.
Robustness

A useris engaged with a compuer in order to achieve somesd of gods. The
robustnss of that interaction covers features that supportthe sucessfu achievanent and
assessment dhegods.
Observability

Obsevability alowsthe userto evaluatethe internd stateof the systemby means of
its perceivable representation at the interface. Obsewability can be disaussedthrough five
otherprindples: browsaility, defaults, reachability, persisience and opeation vigbility.
Browsability

Allowsthe use to explorethe current interna stae of the systemvia the limited view
providedat the interface. Usudly the complexity of the domaindoes not all ow the interface
to showall of therelevant domainconaeptsat once. Indeed, thisis onereasonwhy the notion
of taskis used,in order to constain the domaininformationneeded at onetime to a subset
connected with the user‘s current activity. While you may not be able to view an entire
document‘s contents, you may be able to see all of an outline view of the document, if you
are only interestedin its overal strudure. Even with a restriction of concepts relevant to the
current task, it is probable thatall of the information a userneeds to continuework on that
taskis not immediatdy perceivable. Or perhapsthe useris engaged in a multi-threaded dialog
coveing severa tasks.There needs to be a way for the use to investgate, or browse the
internd state This browsingitsdf shoub not have any sideeffects on that state thatis, the
browsing commands should be passive with respect to the domain specific parts of the
internd state.

The avail ability of defaults can assst the userby passive recall .It aso reduces the
numberof physicd actions necessay to input a value. Thus, providing default valuesis a
kind of error prevention medanism There are two kinds of default vaues: static and
dynamic. Static defaults do not evolve with the sesson. They are either defined within the
systemor acquired at initialization. On the other hand, dynamic defaults evolve during the
sesson. They are computed by the systemfrom previous use inputs; the systemis then
adapting default values.

Reachability refers to the possbility of navigation throudh the obsevable system states.
There are various levds of reachability that can be given precise mathematicd ddfiniti ons,
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but the main notion is whether the usercan navigae from any given stateto any other state
Reachability in an interactive system aff ects the recoverability of the system, as we will
discusdater. In addition, different leves of reachability can reflect the amount of flexibility
in the system & well, thoudh we did notmakethatexplicit in the discusson on flexibility.
Per sistence dedls with the duraion of the effect of acommunicaion act and the ability of the
userto makeuseof thateffect. The effect of vocal comnunicaion does not persistexcept in
the memoy of the receiver. Visud communicdion, on the other hand, can remain as an
objed which the use can subsequetly manipulde long after the act of presentaton. If you
are informed of a new email messge by a beep at your termind, you may know at that
moment and for a shortwhile later that you have received a new messge If you do not
attend to that messge immediatdy, you may forge about it. If, howerer, somepesisent
visual informationinforms you of theincomingmessage, thenthatwill seve as areminde
that an uniead messae remains bng after its initial receipt.
Recover ability

Recoverability is the ability to reach adesired goal after recognition of sone error in a
previous interaction. There are two directions in which recovery can occur, forward or
backward. Forward error recovery involves the acceptane of the current state and
negotiation from that statéowads thedesired stte. Forward error recovery may be the ony
possbility for recovery if the eff ects of interaction are not revocable (for example, in building
a houseof cards, you might sneee whilst pladng a card on the seventh levd, but you cannot
undo the effect of your misfortune except by rebuilding). Backward error recovery is an
attempt to undothe effects of previous interaction in order to return to a prior statebefore
proceeding. In atext editor, amistyped keystrokemight wipe out darge section of text which
you would want to retrieve by an equdly simple undo button. Recovery can be initiated by
the systemor by the use. When paformedby the system,recoverability is connectedto the
notionsof fault tolerance, sdety, reliability and dependability, al topics covered in softwae
engneering. However, in softwae engineering this recoverability is considered only with
respec to systemfunctiondity; it is nottied to user intent. When recovery is initiated by the
user it is important tha it detemines the ntent of the user‘s recovery actions; that is, whether
he desires forward (negotiation) orbackward (using undo/relo actions) orrective action.
Responsiveness

Responsvenessmeaures therate of communicaion between the systemand the user
Responsetime is genegaly ddined as the duraion of time needed by the systemto express
statechanges to the use. In general, shortdurdions and instantan@us responsetimes are
desirable. Instantaneus means that the user perceives systemreactions as immedide. But
even in situaionsin which an instantan@usresponsecannotbe obtainal, there mustbe some
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indication to the user that the systemhas received the request for action and is working on a
responseAs significant as absolte responseime is respong time stabilty. Responsetime
stabilty covers theinvariance of the duration for identicd or similar compugtiond resoures.
For example, pull-down menusare expected to pop up instantan@usly as soonas a mouse
button is pressed.Variations in responsetime will impede anticipation exploited by motor
skill.
Task conformance
Since the purpcse of an interactive systemis to alow a userto peform various

tasksin achieving certain goals within a specific application domain,we can ask whether the
system sippots all of thetasks ofinterest and vhetherit supportsheseas the userwants.

Task completeness addressesthe coverage issue and task adequeacy addressesthe
user‘s understanding of the tasks. It is not sufficient that the computer system fully
implementssomesd of computtiond savices that were identified at early spedfi cation
stages. It is essentialthat the systemall ows the use to achieve any of the desired tasksin a
paticular work domain a identfied by atask adysis tha precedes g/stem spedfication

Task completenessrefers to the levd to which the systemseavices can be mappel

ontoall of the usertasks However, it is quite passble thatthe provision of a nev compuer
basal tool will suggest to a usersometasksthat were not even conceivable before the tool.
Therefore, it is also desirable thatthe systemservices be suitably general so thatthe usercan
define new tasks.
2.10.2 STANDARDS

Standads for interactive systemdesign are usudly se by nationd or intemaiond
bodiesto ensurecompliance with a se of design rules by a large community. Standads can
apply spedfi cally to either the hardware or the sdotware usedto build the interactive system.
Smith points out the differing characteristics between hardware and softwae, which affect
the utiity of design sandards gplied to them:
Underlying theory Standards for hardware are based on an undestanding of physiology or
ergonomics/hunan factors, the results of which are relatively well known, fixed and readily
adaptableto design of the hardware. On the othe hand, software standards are based on
theoiies from psychology or cognitive sdence, which are lesswell formed, still evolving and
not very easy to interpret in the language of softwae design. Conseaently, standads for
hardware can directly relate to ahadware speification and stll refl ect the undelying theoy,
whereas softwae standads would haveo be moe vagudy worded.
Change Hardware is more difficult and expensiveto change thansoftwae, which is usually
designed to be very flexible. Conseqiently, requirementschanges for hardware do not occur
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as frequently as for software. Since standads are also relatively stable they are moresuitable
for hadware than sofware.

A given standrds institution, such as the British Standads Institution (BSI) or the
Internationd Organization for Standadization (ISO) or a nationd military agency, has had
standads for hardware in place before any for software. For example, the UK Ministry of
Defence has publishedan Interim Defence Standard 00-25 on Human Factors for Designers
of Equipment, produed in 12 pats:

e Part 1Introdudion

e Part 2 Body Size

e Part 3 Body Strength andStamina

e Part 4 Workplace Design

e Part5 Sresses ad Hazards

e Part 6 Vision and Lighting

e Part 7 Visud Displays

e Part 8 Auditory Informaton

e Part 9 Voice Communicdion

e Part 10 Contols

e Part 11 Design for Maintainability

e Part 12 S/stems
One componentof the 1SO standad 9241, pertaining to usabilty specification, applies
equdly to both hardware and software design. In the beginning of tha doament, the
following ddfiniti on of usalility is given:

Usability The effectiveness, efficiency and saisfaction with which spedfied uses achieve
spedfied gods in paticular environmerts.

Effectiveness The accuracy and completeness with which spedfied uses can achieve
spedfied gods in paticular environmens.

Efficiency The resouces expendd in relation to the accuracy and completeness of goals
achievel.

Satisfaction The comfort and acceptability of the work systemto its uses and otherpeople
affected by its use.

2.10.3 GUIDELINES

A major concern for all of the general guidelinesis the subgct of dialog styles, which in the
contex of theseguidelinespertains to the means by which the usercommunicaesinputto the
system, including how the system presents the comnunicdion device. Smith and Mosier
identify eight diff erent dialog styles and Mayhew identifies seven . Theonly rea differenceis
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the absence of query languages in Mayhew s list, but we can consder a query language as a
specal case of acommand language Most guidelines are applicable for the implementationof
any oneof thesedialog styles in isolation. It is also important to consder the possbility of
mixing dialog stylesin one gpplication. In contrasting the action and language paradigms ,we
condudedthatit is not always the case thatone paradigm wins over the other for al tasksin
an application and, therefore, an application may want to mix the two paadigms. This
equaes to a mixing of dialog styles — a direct manipulationdialog being suitable for the
action paradigm and a command language being suitable for the language paradigm. Mayhew
provides giidelines andatednique br deciding how to mix dialog styles.

Table: Comparsonof dialogstyles metioned in guidelines

Smith and Mosler [325] Mayhew [230]
Question and answer Question and answer
Form filling Fill-in forms

Menu selection Menus

Function kays Function keys
Command language Command knguage
Quaery language

Natural Rnguage Natural language
Graphic selection Direct manipulagon

2.10.4 GOLDEN RULES AND HEURISTICS

Shneiderman’s Eight Golden Rules of Interface Design

They are intended to be used during design but can also be applied, like Nielsen‘s heuristics,
to the evaluation of systems. Strive for conssteng in action sequences, layout, temminology,
command useand so on.

1. Enable frequent uses to useshortaits, suchas abbreviations specdal key sequences and
maaos, to peform regular, familiar actions nore quickly.

2. Offer informativefeedback for every useraction, at alevd appropiate to the magitudeof
the ation.

3. Design dialogs toyield dosureso ha the userknows when they have competed atask.

4. Offer error prevention and simple error handling so that,idedly, users are preventedfrom
makingmistakes and, if they do, they are offered clear and informative instructionsto enable
them to reover.

5. Permit easy reversd of actionsin order to relieve anxiety and encourage explordion, since
the use knows thd hecan dways return to the previous state

6. Suppot internd locus of control so that the use is in control of the system, which
respondsa hisactions.
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7. Reduce shortterm memoy load by keeping displays simple, consoldating multiple page
displays andproviding timefor learning action sejuences.

Norman’s Seven Principles for Transforming Difficult Tasks into Simple Ones
1.Useboth knowledgein the world and knowledgein the head. People work better when the
knowledge they need to do a taskis avail able extemdly — either explicitly or through the
constaints imposedby the environmen. But expets also need to be able to interndize
regular tasksto increasetheir efficiency. So systams shoutl provide the necessay knowledge
within the environmen and their opeation should be transparent to supportthe use in
building an gpropiate mentd modd of wha is going on.

2. Simplify the strudure of tasks.Tasksneed to be simple in order to avoid complex problem
solving and excessive memory load. There are a numberof ways to simplify the strudure of
tasks.Oneis to provide mentd aids to help the use keep track of stages in a more complex
task. Anothe is to usetedinolagy to provide the userwith moreinformation about the task
and better feedback. A third approach is to automete thetaskor part of it, as long as this does
not detract from the user‘s experience. The final approach to simplification is to change the
naure of the taskso tha it becomessomething simpler. In al of this, it is important not to
takecontrol away from the user

3. Make things visible: bridge the gulfs of execution and evauation. The interface shoutl
makeclear wha the system can do and how this is achieved, and shoull enable the userto
see clearly the dfect of thar actions on he system.

4. Get the mappirgs right. Use intentions shoutl map clearly onto systeam controls. Use
actions shoud map tealy onto ystem &ents. D it shoutl beclear what does vha and ty
how mud. Cantrols, siders and dials shou reflect thetask— so a smih movement ha a
small effect and alarge movemat a lage eff ect.

5. Exploit the powe of constrants, both naiurd and artificial. Constaints are things in the
world that make it impossble to do anything but the correct action in the correct way. A
simple example is a jigsav puzle, where the pieces only fit together in oneway. Here the
physicd constaints of the design guide theuserto complete thetask.

6. Design for error. To err is human,so anticipatethe errors the user could make and design
recovery into the gstem.

7. When dl esefails, standadize. If there are no naurd mappirgs thenarbitrary mappings
shout be standadized so that uses only have to learn themonce. It is this standadization
principle thatenablesdrivers to get into a new car and drive it with very little difficulty — key
controlsare standadized. Occasionally onemight switchon the indicator lightsinstead of the
windsaeen wipers, but the critical controls (accelerator, brake, clutch, steering) are aways
the sane.
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EVALUATION TECHNIQUES
» Evaluation
— tests uability and functionality of system
— occurs in laboratory, field and/orin collabogtion with ugrs
— evaluates boh design and implementation
— shoutl beconsdered at all gages in the design life cycle
2.11.1 Goals of Evaluation
Evduation has thremain gods:
e to asses heextent and accessbility of the system’s functionality
e to assess users’ experience of theinteraction
e to identify any specific problems with the system
The system’s functionality is important in that it must accord with the user’s
requirements.In otherwords, the design of the system shoull enable use's to perform their
intended tasks more easily. This includes not only making the appropriate functiondity
avail able within the system, but makingit clearly reachable by the userin terms of the actions
thatthe use needsto take to perform thetask.It also involves matding the useof the system
to the user’s expectations of the task. For example, if a filing clerk is used to retrieving a
customer’s file by the postal address, the same capability (at least) should be provided in the
computerized file system. Evaluation at this level may also include measuring the user’s
performarce with the system, to assss he eff ectiveness of the gstem n suppoting the tak.
In addition to evaluating the systemdesign in temms of its functiond capabilities, it is
important to assess the user’s experience of the interaction and its impact upon him. This
includes congdering aspeds suchas how easy the system is to learn, its usabilty and the
user’s satisfaction with it. It may also include his enjoyment and emotional response,
paticularly in the caseof systemsthatare aimed at leisureor entettainment.lt is important to
identify areas of the design that overload the use in someway, perhaps by requiring an
excessive amountof informationto be remembeed, for example. Much evaluation is aimed
at measuring features sich as these
The final god of evaluation is to idenify spedfic problemswith the design. These
may be aspeds of the design which, when usedin their intended contex, cause unexpected
results, or confusionamongst uses. This is, of course related to both the functiondity and
usabilty of the design (depending on the causeof the problem) However, it is spedfically

concerned with identifying troublespos which @n then beaectified.
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2.11.2 Evaluation through expert analysis
There are four gpproaches to eyeat andysis

e Cognitive walkthrough,

e Heuristic evauation,

e Theuse d modds

e Useof previouswork
Cognitive walkthrough,
1. A specification or prototype of the system. It doesn’t have to be complete, but it should be
fairly detailed. Details such as the locaion and wording for a menu can make a big
difference.
2. A desaiption of the task the useris to paform on the system. This shoull be a
representative tak that mostuses will want to do.
3. A complete, written list of theactions neded to complete thetask wth the poposel  s/stem.
4. An indication of who the uses are and wha kind of experience and knowledge the
valuators can assune about them.
Given this information, the evaluators stepthrough the action sequence (identified in item 3
abov§ to critique the systemand tell a bdievable story aboutits usabilty. To dothis, for each
action, the evaluators try to answer the following four questions for each stepin the action
sequence.
1. Is the effect of the action the same as the user’s goal at that point? Each useraction will
have a speific effect within the system.ls this effect the same as wha the user is trying to
achieveat this point? For example, if the effect of the action is to save a document, is ‘saving
a document’ what the user wants to do?
2. Will users seethat the action is available?

Will uses see the button or menuitem, for example, tha is usedto produe the
action? This is not asking whether they will recognize that the button is the one they want.
This is merly asking whether it is visible to themat the time when they will need to useit.
Instarces where the answer to this question might be ‘no’ are, for example, where a VCR
remote control has a covered pand of buttons or where a menu item is hiddenaway in a
subrrenu.

3. Once users have found the correct action, will they know it isthe onethey need?

Complementsthe previous question. It is one thing for a button or menu item to be
visible, but will the userrecognize thatit is the one he is looking for to complete his task?
Where the previous question was about the visibility of the action, this one is about whether

its meaing and effect is clea.
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4. After theaction istaken, will users understand the feedback they get?

If you now assune thatthe userdid manaye to achievethe correct action, will he know
that the has doneso?Will the feedback given be sufficient confirmaton of wha hasactually
hgppened? This is the completion of the execution—-evaluation interaction cycle In order to
detemineif they have accomplishedtheir goal, uses need appropriate feedback. It is vital to
doaument the ognitive walkthrough to ke arecord of what is good
Heuristic evaluation
Nielsen’s ten heuristics are:

1. Visibility of system status Always keep uses informed about what is going on, through
appropiate feedback within reasonalte time. For example, if a system opeation will take
some tine, gve an indication of how longand hov mud is compéte.

2. Match between system and the real world The system should speak the user’s language,
with words, phrases and concepts familiar to the user rather than systenmroriented terms.
Follow real-world conventions, naking information gpear in naturd and bgical orde.

3. User control and freedom Uses often choose system funaions by mistakeand need a
clearly marked ‘emergency exit’ to leave the unwanted state without having to go through an
extendeal dialog Suppot undo ad redo.

4. Consistency and standards Useas shoutl nat have to wonde whether words, situaions or
actions mean the same thing in different contexts. Follow platform conventions and accepted
standads.

5. Error prevention Make it difficult to makeerrors. Even better thangood error messgesis a
careful design that pevents a poblem fom ocurring in thefirst place.

6. Recognition rather than recall Make objeds, actions and optionsvisible. The usershoutl
not have to remembe informationfrom one part of the dialog to anothe. Instructionsfor use of
the gystem shoud bevisible oressily retrievable whenever appropriate.

7. Hexibility and efficiency of use Allow users to tailor fequent adions.Accelerators— unseen
by the novice use — may often speed up theinteraction for the expert user to suchan extentthat
the ystem @n cater to both in experienced and experienced uses.

The use of models

A third expert-basal approach is the use of modds. Certain cognitive and design
models provide a means of combining design spedfication and evaluation into the same
framework. For example, the GOMS (gods, operators, methodsand sdection) modelpredicts
userperformarce with a paticular interface and can be used to filter particular design options.
Similarly, lower-level modeling techniques such as the keystroke-level model provide

predictions of the time uses will take to peform low-levd physicd tasks. Design
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methodologes, suchas design rationde aso have arole to play in evaluaion at the design
stage. Design rationde provides a framework in which design options can be evaluated. By
examining the criteria that are associaed with each option in the design, and the evidence that
is providedto supportthese criteria, informedjudgmentscan be madein the design. Dialog
models can also be useal to evaluate dialog sequences for problems,such as unreachable
states, circular didogs ard complexity.
Using previous studiesin evaluation

A final appraoach to expert evaluation exploits this inhentance, using previous results
as evidence to support(or refute) aspects of the design. It is expensiveto repeat experimerts
continudly and an expert review of relevant literature can avoid the need to do so.lt shoud be
notedtha experimental results cannot be expected to hold arbitrarily acrosscontexs. The
reviewer musttherefore sdect evidence carefully, noting the experimental design chosen the
population of peicipants used, thendyses performed and the asunptions maeck.
2.11.3 User Participation

The different approaches to evaluation through user participation. These include
empirical or experimental methods,obsevational methods,quey techniques, and methods
that usephysiological monitoring, suchas eye tracking and measures of heart rate and skin
condudance.
2.11.4 Empirical methods

Oneof the mostpoweaful methodsof evaluating a design or an aspect of a design is to
usea controlled experimert. This providesempirical evidence to supporta particular claim or
hypothesislt can beusal to qudy awide range of different issuesat different levels of ddail.
Any experimert has the same basic form. The evaluator chooss a hypothesis to test, which
can be determined by measuring some attribute of participant behavior. A numbe of
experimental conditons are consdered which differ only in the values of certain controlled
variables. Any changes in the behavioral meaures are attributed to the diff erent conditions.
Within this basic form there are a numberof factors thatare important to the overall reliability
of the experimert, which mustbe consdered carefully in experimertal design. These include
the paticipants chosas, the variablestested ad manipulated, and the lypothesistestel.
2.12 Universal design
2.12.1 Design principles
Theseprindples give usaframework in which todevelop universd designs.
1. Equitable use: the design is usdul to people with a range of abilities and appedling to all.
No useris excluded or stigmatized. Wherever possble, access shoull be the sane for al;

where identical use is nopossble, guivalet use
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shoutl be supporte. Where approgiate, security, privacy and sdety provision shoull be
available to dl.

2.Flexibility in use the design allowsfor arange of ability and preference, throudh choice of
methods of use and adaptivity to the user’s pace, precision and custom.

3.The system be simple and intuitive to use, regardless of the knowledge experience,
language or levd of concentraion of the use. The design needs to support the user’s
expectations and accommodae different language and literacy skills. It shoull not be
unnecessaily complex and shoull be organized to facilitate access to the most important
areas. It shoud provide prompting and feedback as far as posgble.

4. Perceptible information: the design shoudl provide df ective communicaion ofinformation
regardless of the environmentad conditons or the user’s abilities. Redundancy of presentation
is important: information shoutl be represented in different forms or modes(e.g. graphic,
verbd, text, touch) Essetia information shoutl be emphasied and diff erentiated clearly
from the periphea content. Presentation shoutl supportthe range of devices and techniques
usedto

access nformation ty people with different sensory abilities.

5. Tolerance for error: minimizing the impact and damagecaused by mistakes or unintended
behavior. Potentially dangeroussituationsshoutl be removedor mace hard to reach. Potential
hazards shoul be shielded by warnings. Systems should fail safe from the user’s perspective
and uses should be sumpted intasks thatequire conaentration.

6. Low physical effort: systemsshoull be designad to be comfortable to use, minimizing
physicd effort and fatigue The physical design of the system shoul allow the userto
maintaina naurd posure with reasonalte opeating effort. Repetitive or sustined actions
shoutl beavoided.

7.Requires size and space for approach and use: the placementof the systemshout be such
that it can be reached and usedby any use regardless of body size, postureor mobility.
Importnt elements shauld be on the line of sight for both seated and standinguses. All
physicd componentsshoutl be comfortably reachable by sested or starding uses. Systems
should alow for variation in hand size and provide enough room for assstive devices to be
used.These seven principles give us a good stating point in consdering universd design.
They are not all equally applicable to all situaions,of course For example, principlessix and
seven would be vital in designing an informationboothbut lessimportant in designing word-
processing softwae. But they provide a useful checklist of consderations for designers,
together with guidelines on how ech principle canbeachieved.

2.12.2 Multimodal Interaction
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Providing access to information through more than one mode of interaction is an
important principle of universd design.Such design relies on multi-modd interaction. there
are five senses:sight, sound,touch, tasteand smell. Sight is the predominant sensefor the
majoiity of people, and mostinteractive systemsconse@ently use the visual channd as their
primary means of presentation, through graphics, text, video and animation. However, sourd
is aso an important channd, keeping us aware of our surrpundirgs, monitoring people and
eventsaroundus, reacting to sudde noises providing cluesand cues thatswitch our attention
from onething to anothe. It can also have an emotiond effect on us, particularly in the case
of music. Music is aimost completely an auditory experience, yet is able to ater moods
conjureup vidud images,

Evoke atmosphees or scenes in the mind of the listene. Toud, too, provides important
information tadile feedback forms an intrinsic part of the opeation of many common tools —
cars, musca instruments, pens, anything that requires holding or moving. It can form a
sensuoushondbetween individuals,communicaing a wealth of nonverbal information. Taste
and smell are often less appreciated (until they are absent)but they aso provide usetil
informationin daly life: checking if food is bad, deteding early signs of fire, noticing that
manue has keen spead in afield, pleaure.

2.12.3 Designing for diversity

1. Designing for userswith disability

Visud Impairmert

Hearing Impairmert

Physicd Impaiment

Speech imparmert
2. Designing for different age groups

Olde people

Children

3. Designing for cultural differences
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UNIT [
MODELSAND THEORIES
Cognitive modés —Sodo-Organizationd issues ad seke holderrequirements— Comnmunicdion
and mllaboraion modet-Hypertext, Multimedia and WWW

3.1COGNITIVE MODELS
Cognitive modés represent uses of inteactive systems.
e Hierarchical models represent a user‘s task and goal structure.
e Linguistic modds represent the usersystemgrammar.
e Physicd and device modals represent hunman moor skill s.
e Cognitive achitectures undelie al of thesecognitive modéds.
3.1.1 GOAL AND TASK HIERARCHIES

To achieve this god we divide it into severa subgds, say gathering the daa
together, produdng the tables and histograms, and writing the desaiptive mateial.
Coneentrding on the data gatheling, we decide to split this into further subgds: find the
namesof al introdudory HCI textbooksand then search the book sdes database for these
books.Similarly, each of the othersubgads is divided up into further subgads, until some
levd of deail is found at which we decide to stop. We thusend up with a hierarchy of gods
and subgals.

We can go on decompasing tasksuntil we get down to the individual hand and eye
movemats of the use, or we can stop at a more abstract level. Where do we stat? In a
similar way, we can stat our andyses at different points in the hierarchy of gods. At the
extreme we could extend our analysis to larger and larger goals: _light hob® is a subgoal of
_boil peas and so on to goals such as _have my dinner‘, _feed and _stay alive‘.

Thesetwo questionsare issues of granularity, and both of the methodsdesaibed bdow leave

this to someextent in the hands of the designer. Diff erent design issues demand diff erent

M.LE.T./CSE/IV/HCI




CS6008/Human

leves of andysis However, both methodsopeate at a relatively low level; nather would
attempt to start with such an abstract goal as _produce a report which will involve real
creativity and difficult problem solving. Instea they confine themséves to more routine
learned behavior. This mostabstract taskis referred to as the unit task. The unit taskdoes not
require any problemsolving skills on the pat of the user though it frequently demandsquite
sophsticated problemsdving skills on the part of the designer to determine them.Wha do
we do when thae are several ways d solving a problem, orif the solutions b two subgads
interact? Useas will often have more thanoneway to achievea goal and there mustbe sone
way of representing howthey sekct between competing solutions.
GOMS
The GOMS modelof Card, Moran and Newell is an acronym for Gods, Operators, Methods
and SHection
Goals These are the user‘s goals, describing what the user wants to achieve. GOMS the goals
are taken to represent a _memory point* for the user, from which he can evaluate what should
be doneand towhich he may return should an errors ocar.
Operators These are the lowest levd of andysis. They are the basic actions that the user
mustpeaform in orcder to use thesystem. They may aff ect the system (br example, press he
_X* key) or only the user‘s mental state (for example, read the dialog box). There is still a
degree of flexibility about the granularity of operators; we may take the command levd
_issue the SELECT command* or be more primitive: _move mouse to menu bar, press center
mous button .
Methods There are typicdly several ways in which a god can be split into subgads. For
instance, in a certain window manayer a currently sdected window can be closedto an icon
either by selecting the _CLOSE* option from a pop-up menu,or by hittingthe _L7° function
key. In GOMS thesetwo goal decomposgtions are referred to as methods so we have the
CLOSEMETHOD and the L7-METHOD:

GOAL: ICONIZE-WINDOW

. [sdect GOAL: USE-CLOSEEMETHOD

.. MOVE-MOUSE-TO-WINDOW-HEADER

.. FOP-UP-MENU

.. CLICK-OVER-CLOSE-OPTION

GOAL: USE-L7-METHOD

.. RRESSL7-KEY]
Thedotsare usedto indicate the hierarchicd levd of gods. Selection From the abovesnippet
we see the use of the word sded where the choice of methodsarises. GOMS does not leave
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this as a random choice but attempts to predict which methodswill be used. This typically
depends boh on the peicular userand on the statof thesystem ad deails abaut the goals.
Rule 1: Use the CLOSE-METHOD unless anather rule gpplies.

Rule 2: If theapplication is _blocks® use the L7-METHOD.

Thegoal hierarchies asaibed in a GOMS andysis ae dmost wholy below thelevd of the
unit task déined earlier. A typical GOMS andysis would herefore consst of asinge high-

leve god, whichis then decompo®d into aseqeence of unit tasks, # of which an be further
decompo®d down to thdevd of basic operators:
GOAL: EDIT-MANUSCRIPT

GOAL: EDIT-UNIT-TASK repeat until no moreunit tasksThe god decompostion between
the overall task and the unit tasks would involve detailed understanding of the user‘s
problemsolving straegies and of theapplication domain.
Cognitive complexity theory
Cognitive complexity refer to the numbe of menta strudures an individud uses,how
abdract they are and how they interact to shapehis discenment or an individual difference
variable linked wth awide range of communicédion skils andassociged ailities.
Individuds with high cognitive complexity have the capacity to anayze a situaion to discen
various consituent elements and explore connections and possble relationships among the
elements. These individuals think in a multidimensioral way. The assunption of the
complexity theowy is tha the more an event can be differentiated and parts consdered in
novd relationships, the moresophsticated the responseand successul the solution. Whereas
less complex individuds can be trained to undestand a complicated sda of detailed
differentiations for a spedfic contex, highly complex individuds are highly flexible in
creating distinctionsin newsitudions.
Individuds with high cognitive complexity are open to new information, attracted to othe
individuals of high complexity, highly flexibility, sacially influential, problem solves,
straegic plannas, hichly creative, effective communicaors and generally good leders.
Problems and extensions of goal hierarchies

Theformation of agod hierarchy islargely a pog hoctechnique and runsa very real risk
of being defined by the computer dialog rather than the user. Oneway to rectify thisisto produe
a god structure based on pre-existing manual procedures and thus obtain a naural hierarchy .
GOMS ddfines its domain to be that of expert use, and thusthe god structures tha are important
are those which users develop out of their use of the system. The conceptual framework of god
hierarchies and user god stacks can be used to express interface issues, not directly addressed by

the notationsabove. For ingance, we can use this to examine in more detail the closure problem
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with early automated teller machines (ATMs) mentional in the Design Focus box These early
ATMs gave the cusomers the money beforereturning their cards Unfortunaely, thisled to many
cugomers leaving their cards behind. This was despite on-screen messages telling them to wait.
Thisisreferred to as a problem of closure The user‘s principal god is to get money; when that
god is sdisfied, the user does not complete or closethe various subeskswhich still remain
open:
GOAL: GET-MONEY
. GOAL: USE-ATM
. .INSERT-CARD
.. ENTER-PIN
.. ENTER-AMOUNT
.. COLLECT-MONEY
<< outergoal now saisfied goal stack poppel >>
.. COLLECT-CARD - subgod operators mssed
3.1.2LINGUISTIC MODELS

The user‘s interaction with a computer is often viewed in terms of a language, so it is
not surpising that severa modelirg formalians have developed centered around this
concept. BNF grammars are frequently usedto specify dialogs.
The modelshere, dthoud similar in form to dialog design notations have been proposel
with the intention of understanding the user‘s behavior and analyzing the cognitive difficulty
of the inteface.
BNF
Representative of the linguistic approach is Reisner‘s use of Backus—Naur Form (BNF) rules
to desaibe the dialog grammar . This views the dialog a a purdy syntadic levd, ignoring
the semanticsof the language BNF has been usad widely to spedfy the syntax of computer
progranming languages, and mary system dialogs can be described easily using BNF rules.
For example, imagine a graphics system that has a line-drawing function. To sdect the
function the user mustselect the _line* menu option. The line-drawing fundion allows the
userto draw a polyling thatis a sequence of line arcs beween points. The userseleds the
points by clicking the mousebutton in the drawing area. The user doubleclicks to indicate
the last pont of the plyline.

draw-line 2=
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The ams in the desaiption are of two types: nonteminds, shownin lower case and
teminds, shownin uppe case Terminds represent thelowest levd of use behavior, such as
presshg a key, clicking a mouse button or moving the mouse. Non-terminds are higher-level
abstrations. Thenonteminds are defined in terms of othernonterminds and teminds by a
definition of the form name ::= expression The _::=‘ symbol is read as _is defined as‘. Only
nonteminds may appear on theleft of a definiti on. Theright-hand sideis built up usng two
operators _+° (sequence) and _|° (choice). For example, the first rule says that the non-
temind draw-line is defined to be sded-line followed by choosepoints followed by
lastpont. All of theseare nonteminds, thatis they do nottell uswha the basic useractions
are. The secondrule says thatsded-lineis defined to be postion mous (intended to be over
the _line’ menu entry) followed by CLICK-MOUSE. This is our fir st temmind and represents
the atual dicking of amouse.

Position-mous is, we look at the last rule. This tells us that there are two possbilities for
postion-mouse (separated by the _|* symbol). One option is that position-mouse is empty — a
specal symbol representing no action. Tha is, oneoption isnot b move thanous a all. The
other option is to doa MOVE-MOUSE action followed by postion-mous. This rule is
recursive, and this second postion-mougs may itself either be empty or bea MOVE-MOUSE
action followed by postion-mouse, and soon. Tha is, postion-mouse may be any numbe of
MOV E-MOUSE actionswhasoeve. Similarly, choosepoints is defined recursively, but this
time it does not have the option of bang empty. It may be oneor more of the nontemind
chooseonewhich is itself ddined to be(like sdect-line) positon-mous followed by
CLICK-MOUSE.

The BNF desaiption of an interface can be andyzed in various ways. One meaureis to
count the number of rules. The more rules an interface requires to use it, the more
complicatedit is. This measureis rather sensitive to the exact way the interface is desaibed.
For example, we could have replaced the rules for choosepoints and chooseone with the
sinde ddfinition choosepoints ::= postion-mouwse + CLICK-MOUSE | postion-mouse +
CLICK-MOUSE +choos-points.

Task—action grammar

Measures based upon BNF have been criticized as not _cognitive‘ enough. They ignore the
advantages of consistency both in the language‘s structure and in its use of command names
and lettes. Task-action grammar (TAG)

3.1.3THE CHALLENGE OF DISPLAY-BASED SYSTEMS

hierarchicd and grammar-based techniqueswere initially developed when most interactive

systemswere command ling or at modg, keyboard and cursor based. There are significant
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worries, therefore, abouthow well theseapproaches can generdize to deal with moremoden
windowed and mouse-driven interfaces. Pressing a cursor key is a reasonable lexeme, but
moving a mouse onepixel is lesssensible. In addition, pointer-basal dialogs are moredisplay
oriental. Clicking a cursor at a paticular point on the saeen has a meaning dependent on the
current saeen contents.This problemcan be patially resolvedby regarding opeationssuch
as _select region of text’ or _click on quit button‘ as the terminals of the grammar. If this
approah is taken, the detailed mousemovenents and parsing of mous eventsin the contex
of display information (menus, etc.) are abstracted away. God hierarchy methodshave
different problems,as more display-oriented systems encourage lessstructured methodsfor
god achievament. Insiead of having well -defined plans,the useris seen as performing a more
exploraory task, recognizing fruitful directions and backing out of othas. Typicdly, even
when this exploraory style is used aone level,

WRITE_LETTER

. FIND_SIMILAR_LETTER

. COPY_IT

. EDIT_COPY
3.1.4PHYSICAL AND DEVICE MODELS
Keystroke-level model

The humanmotor systan is well undestood.KLM (Keystroke-Level Model) uses
this undestanding as a basis for detailed predictions about userperformance. It is amed at
unit taskswithin interaction — the execution of simple command sequences, typically taking
no morethan 20 seconds.Examples of this would be usinga search and replace feature, or
changing the font of a word. It does not extend to complex actions suchas producing a
diagam. The assunption is thatthesemore complex taskswould be split into subtsks(as in
GOMS) before the useattempts to nap them inb physicd actions.

Thetask issplit into two phases:

Acquisition ofthe tak, when the usebuilds a nentd representation of tle task;
Execution of the task using the system‘s facilities.

During the acquisttion phasg the userwill have decided how to accomplish the task
usingthe primitives of the system, ad thus,during the execution phese there is nohigh-level
menta activity — the use is effectively expert. KLM is related to the GOMS model,and can
bethoudt of as a vey low-levd GOMS model vwhere the méhod s given.

The model decomposs the execution phase into five different physicd motor opeators, a
mentad opelator and asystem lesponse opetor:
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K Key stroking, actually striking keys, includng shifts and othemodifier

keys.B Presshg a mous bution.

P Pointing, moving the mousé€or similar device) a a tage.

H Homing, switching the hand between mou® and keyboard.

D Drawing lines usng the mou.

M Mentdly preparing for a physicd action.

R Systemresponsewhich may beignordl if the userdoes not have to wait for it, as in copy

typing.

The execution of a taskwill involve interleaved occurrences of the various opeaators. For
instance, imagine we are usinga mouse-based editor. If we notice a singe character error we
will point at the error, ddete the character and retype it, and then return to our previous
typing point This s deomposd &s follows:

1. Move hand to nouseH[mous]

2. Position mouseafter bad character PB[LEFT]

3. Return to ke/board H[keyboard]

4. Delete character MK[ DELETE]

5. Typecorrection K[cha]

6. Repostion ingrtion pont H mous] MPB[LEFT]

3.1.5COGNITIVE ARCHITECTURES

The concept of taking a problemand solving it by divide and conguer usingsulgods
is centrd to GOMS. CCT assunes the distinction between long- and shortterm memoy,
with produdion rules being stored in long-term memory and _matched* against the contents
of shortterm (or working) memory to determine which _fire‘. The values for various motor
and menthoperators inKLM were based on theModel Human Proessa (MHP) architecture
of Card, Moran and Newell. Anothe common assunption, itis the distinction between
linguistic leves — semantic, syntactic and lexical — as an architectural model of the user‘s
undestanding.

The problem spae model Rationd behavior is charactenized as behavior that is
intended to achieve a specific god. This elemert of rationdity is often usedto distinguish
between intelligent and madiinelike behavior. In the field of artificial intelligence (Al), a
systemexhibiting rationd behavior is referred to as a knowledge-level system. A knowledge-
levd system containsan agent behaving in an environment. The agent has knowledge about
itsdf and its environmen, including its own gods. It can perform certain actionsand sense
information about its changing environmen. As the agent behaves in its environmen, it
changes the environrment and its own knowledge. We can view the overal behavior of the
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knowledgelevel systemas a sequence of environmentand agent states as they progressin
time. The god of the agent is charactenized as a preference over al possble sequences of
agent/environmen states. The search proceeds by moving from one stateto anotherpossble
stateby means of opeations or actions,the ultimate god of which is to arrive at one of the
desired states. This very general model of computationis usedin the ordinary task of the
progranmer. Once shehas identified a problemand a means of arriving at the soluion to the
problem (the algorithm), the programmer then represents the problem and algorithm in a
programming language, which can be executedon a madine to reach the desired state The
architecture of the madine only al ows the definiti on of the search or problem spa@ and the
actionsthatcan occur to traversethatspa@. Terminationis aso assuned to hgppen once the
desired stte is reached.

The new computtiond modelis the problem spa@ model, based on the problem
solvingwork of Newell and Simon at Carnegie—-Meéllon University. A problem spa@ conssts
of a se of states and a set of opaationsthat can be paformed on the states. Behavior in a
problemspece is a two-stepprocess. First, the current opeator is chosenbased on the current
stateand then it is applied to the current stateto achieve the new state The problem spae
mustrepresent rationd behavior, and soit mustcharacterize the god of the agent. A problem
spae represents a god by defining the desired states as a subsetof al possble states. Once
the initial stateis sd, the taskwithin the problem spae is to find a seguence of operations
that form a path within the statespace from the initial stateto one of the desired states,
whereupon secesdul termindion ocurs.

We can highlight four different activities that occur within a problem spae: god
formulation, opeation sdection, opeation application and goal completion. Therelationshp
between the® prodem gace processesand knowedgelevd activity is key. Perception that
occurs at tle knowledge levd is peformed by thegod formulation piocess, which ceates tte
initial statebasal on obsevations of the extemd environment. Actions a the knowledge
levd are opeaationsin the problemspae which are sdected and applied. Therea knowledge
aboutthe agent and its environmern and gods is derived from the statéopestor information
in the problem spae. Because of the goa formulation process, the sd of desired states
indicatesthe knowledge-levd goal within the problemspa@. The operation sdection process
sdects the approfriate operation at a given pointin time becauseit is deemedthe mostlikely
to transfom the statein the problem spa@ to one of the desired staes; hence rationd
behavior is implied.

Interacting cognitive sulsystems(ICS) providesa modelof perception, cognition and

action, but unlike othercognitive architectures, it is not intended to produce a desaiption of
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the userin tems of sequences of actionsthathe performs. ICS providesa moreholistic view
of the useras an informationprocessng madine. The emphasiss on determining how easy
paticular procedures of action sequances become as they are mademore automatic within
the use.

ICS attempts to incorporae two seaate psychologcal traditionswithin one cognitive
architecture. Onthe onehand is the architecturd and general-purpaseinformation-processing
approah of shortterm memoy research. On the other hand is the computtiond and
representationalapproach characteristic of psycholinguistic research and Al problem-solving
literature

The architecture of ICS is built up by the coordinded activity of nine smaller
subystems five peripheral subgstems are in contad with the physicd world and four are
centrd, dealing with mental processes.Each sulsystem has the sane generic strudure. A
subgstemis described in termms of its typed inputs and outputs along with a memoyy store for
holding typed information. It has transfamaion fundions for processng the input and
produdang the output and pemanently stored information. Each of the nine subystemsis
specalized for handling someaspet of extemd or internd processng. For example, one

periphera subg/stem s thevisual ystem fo desaibing what is sea in the word.

3.2 SOCIO-ORGANIZATIONAL ISSUESAND STAKEHOLDER REQUIREMENTS
There are severa organizationd issues that aff ect the acceptarce of tedhnology by users and

that mus therefore be consideed in system design:

o systems may not ke into account conlfict andpowe relationships
o those vino benefit may not do hework
o noteveryonemay use systems.
In addition to generic issues, dggners mustidenify specific steakeholder requirements
within theirorganizationd context.
e Sodo-tedhnicd modds captureboth hunan and technicd requirements.
e Soft systems nethodobgy takes a boader view of human ad oiganizationd issues.
e Participatory design includes the usedirectly in the design process.
e Ethnogaphic methods study uses in contex, atempting to take an unbiase
perspective.
3.21 ORGANIZATIONAL ISSUES
Cooperation or conflict?
The term _computer-supported cooperative work® (CSCW) seems to assune that
groupswill be acting in a coopeative manrer. This is obvioudy true to someextent;eve
opposhg footbdl teanscoopeaate to the extentthatthey keep (largely) within therules of the
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game, but their coopeation only goes so far. People in organizations and groups have
conflicting goals, and gstems ha ignorethis ae likely to fal spectaaularly.

Imagine thatan organization isaready highly computeized, the diferent departmerts
al have their own systans and the board decides that an integrated information systemis
needed. The production manager can now look directly at stocks when planning the week*s
work, and the marketing department can consult the sales department‘s contact list to send
out marketing questionnares.

The storkeeper always usedto undestae stock levds slightly in order to keep an
emermgency suppl, or sametimes inflate the quotedlevds when a ddivery was due from a
reliable suppléer. Also, requestsfor stockinformaiton allowed the stoekeeper to keep track of
future demandsand hence planfuture orders. The storékeeper has now lost a senseof control
and important soures of information. Membes of the sdes departmert are also unhapy:
their contads are their livelihood. The last thing they want is someonefrom maiketing
blundeing in and spoihg arelationship with acustoner built up ove many years.

Some of these people may resort to subverting the system, keeping _sanitized‘ information
online but hereal information n peasondafil es.
Changing power structures

The identification of stakénoldes will unoover information transfe and powe
relationships ha cut aross he organizationd structure Indeed, dl organizations hae these
informal networks that supportboth socid and functional contads. The official lines of
authority and information tend to low up aad dowvn through line maragement.

The physicd layout of an organization often reflects the forma hierarchy: each
depatmert is on a different floor, with sections working in the same area of an office. If
someondrom sdeswants to talk to saneonefrom maiketing thenoneof themmustwalk to
the other‘s office. Their respective supervisors can monitor the contact.

In face-to-face conveasation, the man@e can essily exert influence ove a
subordinge: both know their relative postions and this is reflected in the pdaterns of
convasdion and in other nonverbd cues. Emaill messges lose much of this sense of
presence and it is more difficult for a manager to exercise authority. The _levelling® effect
even makes it possible for subordinates to direct messages _diagonally® across the hierarchy,
to their manager‘s peers, or, even worse, to their manager‘s manager!

Theinvisibleworker

The ability to work and collaborae at a distance can alow functiond groupsto be

distributed over different sites. This can take the form of crossfunctiond neghbouhood

centers, where workers from different degpartments do their jobs in elecronic contad¢ with
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their functiond colleagues. If the approach in an organization is _management by presence®,
thatis you know someonas working because they are in the office, thenthere is no way a
remote worker is going to be trusted. If, on the other hand, the style is _management by
objectives®, tha is you know your subordinges are working because they are doing their jobs
and piodudng results, then emote working is nd so problenatica.

Who benefits?

In thee systemsthe sende has to do work in putting information into fields
appropiately, butit is the recipient who bendfits. Anothe example is shaed calendas. The
bendficiary of the systam is a manayer who uses the systemto arrange meding times, but
whosepersona secretary does the work of keeping the calenda up to date. Subordnates are
lesslikely to have secretanal support,yet must keep up the calendar with little perceived
bendit. Of course chaos results when a meeting is autonetically arranged and the
subordindesmay have to rearrange commitmentsthat have not been recorded on the system.
The manaer may force useby edict or the system may simply fal into disuse. Many such
groupware systems are introduced on a _see if it works*® basis,

Freerider problem

A systemmay still not function symmetrically, which may be a problem particularly
with shared communicdion g/stems. Onésaueis the free rider problem. Take an eledronic
conferendng system.If there is plenty of discussbn of relevant topics then there are obvious
advantages to subscibing and reading the contributons. When consdering writing a
contributon, the effort of doingso may outwegh any bendfits.

Thetotal bendit of the system for each use outweighs he costs but forany particular
decision the badance is oveturned. A few free riders in a conference systemare often not a
problem, as the dange is more likely from too much activity. In addition, in electronic
conferences the paterns of activity and silence may reflect otherfactors such as expertise. It
is easy for the numberof free riders gradudly to increase and the systemslide into diswse It
is hard to enforce equd use,except by restrictive schemessuchas roundrobin contribuions
(everyone contributes samethinghowever shat). In the rea world, suchproblemsare often
solved by socid pressue, and the free rider reacts to the collective censure of the group.
Increasing the visibility of participants® contributions might also help these social
medaniss.

Critical mass

When telephones were only in public places, their use as a form of pevasive

interpersond comnmunication was limited. However, once a large numberof people have

telephones in their homesit becomesworthwhile paying to have a telephoneinstaled. In
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costbenefit temms, the early subgribers probably have a smaller benefit thanthe cost. Only
when the numberof sulsaibers increases beyond the critical massdoes the bendfit for all

dominae thecost .

Figure: Cost/benefit of system use

Benefits of use

Cost of use

* Number of users

Critical mass

The telephonewas usdul for subgoups before it became bendficial for al. Even
when only a small propartion of the populationhad persorel telephones, they still formeda
significant proportionof their socid group, sothesecliques of usecould grow gradudly over
time.

Automating processes — wor kflow and BPR

Organizations have mary such processes,and workflow systemsaim to automate
muchof the processusing electronic forms, which are forwarded to the relevant personbased
on pre-codel rules. Some workflow systemsare built usingspecal purpasegroupware, often
based on anotation fordesaibing the deired workflow.

Therigid form of a typical workflow systemis an example of global struduring. The
dange with any form of global structuring is that it may conflict with or inhibit more
informal and less structured patterns of activity which also contribute to the organization‘s
free running

A moreradical approah to organizationd processes is found in bushness processre-
engineering (BPR). Traditionally, organizationshave been strudured around functions: sdes,
accounts stores, manufacturing. However, the purposeof an organization can be seen in
terms of key bushness processes.The ordering/delivery process desaibed aboveis a typical
and important example. In BPR the processesare recorded and andyzed. Problems in the
current processare notedand the whole processmay be redesigned in order to makethe pah
of the process more efficient. For example, instead of sending an order to the accounts

departmert to approw, alist of custorrer credit limits could be given to the sdes executives.
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They could thencheck the credit rating of the cusbmerwhilst on the phore and only forward
the ode to accountsif there are any unusuéproblems.
Evaluating the benefits

The benefits from coopeative systems,especially organization-wide systems suchas
email or electronic conferenang, are in terms of job saisfaction or more fluid information
flow. Some,suchas the videowall , are expected primaiily to help socid contad within the
organization. It may be possble to meaure contentment and job saisfaction using attitude

guestionnares.

3.2.2 CAPTURING REQUIREMENTS

Who arethe stakeholders?
A stakénoldercan be defined as anyone who is aff ected by the sucess or failure of

the system. It can be uselil to distinguish different categories of stakeholder and the
following categorization from the CUSTOM gproach is telpful for this:

Primary stakeholders are people who actually use the ystem — the end-users.

Secondary stakeholders are people who do not directly use the system,but receive output
from it or provide inputto it (for example, someonewnho receives a report produced by the
system).

Tertiary stakeholders are people who do not fall into eithe of the first two categories but
who are directly aff ected by the successor fail ure of the system.Facil itating stakeholdes are
people who ae involved with the design, development ad maintenace of the ystem.

Theaim of the design team is to meet the needs of as many stakeholders as possble.
Theredlity is that usually stakdwolder needs are in conflict with each other. Sometines this
does not matter: a company is unlikely to be too concerned that its competitors® requirement
to maintain advantage over it is unde threat by the new system.

Socio-technical models

The sociotechnicd systems view came about to counte this tednology-centric
postion, by stressing that work systems wee composedof bah human and madine dements
and that t was the inerrelationship betwen thesehat shoudl becentrd.

Sodo-technicd modelsfor interactive systemsare therefore concerned with tedhnicd,
socid, organizationd and humanaspeds of design. They recognize the fact thattechnology is
not developedin isolation but as part of awider organizationd environmen. It is important to
consder socal and technicd issues side by side so that humanissues are not overruled by

technicd conside&ations.
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Thekey focus of the sccio-technicd approach is to desaibe and documentthe impact
of the introduction of a spedfic technology into an organization. Methods vary but most
attemptto cgturecertain common dements:

e The problem beng addressed:there is a need to undestand why the technology is
being proposedand whet prodem it is intendel to ®lve.

e The stakdoldes affected, including primary, seconday, tertiary and facilitating,
together with theirobjedives, gds and tasks.

e Theworkgroups wthin the organization, both fomal and informal.

e Thechanges or teandormationsthat will be supporte.

e Theproposedtechnology and how it wil work within the oganization.

e Extemd constrants andinfluences and peformarce meaures.
CUSTOM methodology
CUSTOM is a socictechnicd methodolgy designed to be practical to use in small
organizations.It is based onthe Use Skills and Task Match (USTM) approach, developed to
allow design teans to undestand and fully doaumentuserrequirements.CUSTOM focusses
on establshing stakédnolder requirements:all stakénolders are consdered, not just the end-
uses.
It is applied at theinitia stageof design when a produd oppotunity has been identified, so
the emphasisis on capturing requirements. It is a forms-based methodolog, providing a s&
of questions b goply a each of its sages.
There are six key stages © carry out in aCUSTOM andysis
1. Desaibe the organizationd contex, including its primary goals, physical characteristics,
political and e&onomic background
2. ldentify and describe stakeholdes. All stakénolders are named, categorized (as primary,
seconday, tertiary or facilitating) and described with regard to persordl issues, their role in
the organization and their job. For example, CUSTOM addressesisaues such as stakdolder
motivation, disincentives, knowledge, skills, powe and influence within the organization,
daly tasks ad so on.
3. ldentify and desaibe work-groups. A work-group is any group of people who work
together on atask,whether formally consitutedor not. Again, work-groups are desaibed in
terms of theirrole within the oganization and theircharacteristics.
4. ldentify and desaibe task-objed pars. These are the tasksthat must be peformed,
coupled with the objets that ae usedto perform them or to which thg are applied.
5. Identify stakeholder needs. Stages 24 are desaibed in tems of both the current system
and the proposd systan. Stakeholder needs are identified by consdering the differences
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between the two. For example, if a stakdolde is identified as currently lacking a particular
skill tha is required in the proposedsystem hen aneed for training is identified.

6. Consoldateand check stakédnolderrequirements.Here the stakénolder needslistis checked
aganstthe criteria deemined a ealier stages.

Open System Task Analysis (OSTA)

OSTA attempts to describe wha hgppens when a technicd systemis introdued into an
organizationd work environmern. Like CUSTOM, OSTA spedfies both sodal and technicd
aspeds of the system.However, whereas in CUSTOM theseaspeds are framedin temms of
stakénolderpespetives, in OSTA they are captured through docus on &sks.

OSTA has eight main stages:

1. The primary task which the technology must support is identified in terms of users‘ goals.
2. Task inputs to the system are identified. These may have different soures and forms that
may constain the design.

3. Theextemd environment into which the system will beintroduced is described, including
physicd, economic and political aspets.

4. The trandormation processes within the system are described in tems of actions
performed onor with objects.

5. The socid systemis andyzed, consdering existing work-groupsand relationshps within
and etemd to the oganization.

6. Thetedhnicd systemis desaibed in temns of its configuration and integration with other
systems.

7. Performane sdisfaction criteria are establshed, indicating the socel and technical
requirements of tle system.

8. The new technicd system is spedied.

Soft systems methodology

Soft systemsmethodobgy (SSV) arises from the same tradition but takes a view of the
organization as a system of which technology and people are compments. There is no

assunption of a paticular soluion: the emphass is rather on undestanding the situaion
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Participatory design

Participatory design is a philosoply that encompassesthe whole design cycle. It is
design in the workplace, where the useris involved not only as an experimenal subgct or as
someoneto be consuted when necessay but as a membe of the design tean. Usas are
therefore active collaborators in the design process, rather than passive participants whose
involvement is entirely governed by the designer. The argumentis that uses are expets in
the work contex and a design can only be effective within that contex if theseexperts are
allowed to contribute actively to the design process. In addition, introdudion of a new system
is liableto change thework context and oganizationd processes, ad will only be acceptedif
thesechanges are acceptable to the use. Participatory design therefore aimsto refine system
requirements feratively through a design pracessin which the useis actively involved.

Participatory design has three speific characteristics. It ams to improve the work
environmen and task by the introdudion of the design. This makes design and evaluation
contex or work oriented rather than system orientad. Secondly, it is charactenized by
collaboraion: the useris included in the design team and can contribute to every stege of the
design. Finally, the approach is iterative: the design is subgct to evaluation and revision at
each sige

The participatory design process utilizes a range of methodsto hedp convey
information betwen the userand designer. They indude
Brainstorming This involves al participants in the design pooling ideas. This is informal
and relatively unstuctured although the process tends to involve _on the- struduring of the
ideas as thg mateialize.
Storyboarding : Storyboards can be used as a means of describing the user‘s day-to-day
activities & wdl as the ptential dsigns aml the impact they will have.
Wor kshops Thesecan beusedto fill in the missng knowledge of both userand designer and
provide a more focussed view of the design. They may involve mutud enquiry in which both
parties attempt to understand the context of the design from each other‘s point of view. The
designer questions he user about he work environment in which thelesign isto be usd, and
theusercan quay thedesigne onthetednology and capabilitiesthatmay be avail able. This
establshescommon ground between the user and designer and sds the foundation for the
design thatis to be produced. The use of role play can aso allow both use and designer to

step briefly into one another‘s shoes.
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Pencil and paper exercises These allow designs to be talked through and evaluated with
very little commitment in terms of resources. Users can _walk through® typical tasks using
paper mockupsof the systemdesign. This is intended to showup discrepandes between the
user‘s requirements and the actual design as proposed. Such exercises provide a simple and
cheap technique br early assessment ahodels.

Effective Technical and Human I mplementation of Computer-based Systems (ETHICS)
ETHICS methodolog, stakeholdes are includad as paticipants in the decision making
process. ETHICS considers the process of system development as one of manajing change
conflicts will occur and must be negotiated to ensureacceptance and saisfaction with the
system.If any party is excludedfrom the decision-making processthentheir knowledge and
contribuion is not utilized and they are morelikely to be dissatisfied. However, paticipation
is notaways complete. Mumford recognizes three levds of paticipation:

Consultative — the weakest form of participation where participants are asked for their
opinions butare not degsion nmekers.

Representative — a representative ofthe paticipant groupis involved in the desion makirg
process.

Consensus— all stakdolders ae include in the decision-making progess.

The usual practice is that design groups are set up to include representatives from each
stakénolder group and these groups make the design decisions, overseen by a steering
committeeof management and enployee representatives.

1. Make the case for change. Changefor its own s&e is inappopriate. If a case cannotbe
madefor changing the airrent situation hen the pocess endsrad the system remains a itis.
2. ldentify system boundaries. This focusseson the context of the current system and its
interactions with other systems,in terms of bushess, existing tednology, and internd and
extemd organizationd elements. Howwill the dange impact upon eah of thesé

3. Describe the existing system, including a full andysis of inputs and outputs and the
various otheractivities suppded, sub a ogerations, ontrol andcoordindion.

4. Define key objectives, identifying the purpese and function of each area of the
organization.

5. Define key tasks: what tasks ned to beperformed to nmeet theseobjedives?

6. Define key information needs, including thoseidentified by andysis of the existing
system ad tho highlighted ly definiti on of key tasks.
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7. Diagnose efficiency needs, thoseelementsin the system that causeit to undeperform or
perform incorrectly. If theseare internal they can be redesigned out of thenew system:;if they
are extemd then the rew system nust be dsigned to copewith them.

8. Diagnose job satisfaction needs, with a view to increasing job stisfaction wheeit is low.
9. Analyze likely future changes, whetherin tednology, extemd constaints (sud as legal
requirements),economc climateor stakédnolderattitudes. This is necessary to ensue thatthe
system s flexible enough to copewith change

10. Specify and prioritize objectives based on efficiency, job sdisfaction and future needs.
All stakénoldess shoull be able to contribuke here as it is a critical stage and conflicting
priorities need to be negotiated. Objectives are groupeal as either primary (mustbe met) or
seconday

Ethnographic methods

Ethnogaphy is based on very detailed recording of the interactions between people
and between people and their environmen. It has a spedal focus on socid relationships and
how they affect the naure of work. The ethnagraphe does not enter actively into the
situation, and does not see things from a particular person‘s viewpoint. However, an aim is to
be unaultured, to undestand the situaion from within its own cultural framework. Culture
here means that of the particular workgroup or organization, rather thantha of socidy as a
whole Ethnogaphes try to take an unbiasé and open-endal view of the situaion. They
report and do not like to speailate so it is often undea how well their approah can
contribute to the design of new systems.

Contextual inquiry

Contexual inquiry has much in common wit theethnogaphic tradition: it studes the
userin contex, trying to capture the reality of his work culture and practice. However, it is
also an approach rooted in practice and it differs in a numberof significant ways from pure
ethnogaphic study: the intention is to undestand and to interpret the data gahered, and
rather than attempting to take an open-ended view, the investgator acknowledges and
chdlenges he paticular focus. In addition, the explicit am is to design a new system,
whereas in a pue ethnographic stug, it would beopen ended.

The modelof contexual inquiry is of theinvestgator being apprenticed to the userto
learn about his work. Interviews take place in the workplace sothatthe objeds, artifacts and
relationships of the work can be better understoad. Examples of work are collected and both
verbd and nonverbd comnmunicdion is studed. The ideais to be as comprehensivein the

data gatheling as posgble and to be oncrete. Anather central notion of contextual inqury is
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thatof patnership:the useris the expert in the workplace and is therefore encouraged to lead
the investigation. the investigator is not a passive obsever. Her objective is to gain a shaed
undestanding of how the work hagppens and, to do so, she questions meaning and offers
interpretationsof wha she obseves. The aim is to draw out the implications of comments
and actions and undestand (rather thanassune) wha they realy mean. In order to do this
honestly and effectively the investgator mustknow her focus — her pre-existing bdiefs and
assunptionsaboutthe situaion — and be prepared to chdlenge and adjustthemin the face of
new information.

A number of models of thework are developed to capturewhat isimportant in the
user’s work situation:

The seqence model ¢aborates thesteps equired to complete aspeific task, as wdl as the
triggers thd initiate that sguence of steps.

e The physicd model maps the physicd work environmentand how it impads upon
work practice, for example, an office plan showing where different work activities
hgppen.

e Theflow modelshowsthelines of coordindion and communicéion between the user
and otherpaticipants within and outsde theworkplace.

e The culturad modelreflects the influences of work culture and policy and showsthe
sape of theseinfluences. This may include official or unofficial codes of behavior,
comnmon e&pectations(which may or may not be eplicit) and vdue g/stens.

e The artifact model desaibes the strudure and useof a paticular artifact within the
work process.

3.3COMMUNICATION AND COLLABORATION MODELS
All computersystems, sige-user or mutti-user interact with the work-groups and
organizations n which they are used.

e Wenexd to undestand ormal humarhuman ommunicéion:

— face-to-face communicaion involves gyes, face and body
— convasdaion @an beanalyzed to establishts detailedstrudure

e This can then beapplied to text-based conveasaion, which has:
— reduced feedback for confirmation
— less ontex to disambguate utterances
— slowe pece of interaction but 8 moreeasily reviewed.

e Group woking is more complex than thaof asinge person:
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— it is influened by the physicd environment

— experiments ae moredifficult to control andrecord

— field studies mustakeinto account tie socid situation.
3.3.1 FACE-TO-FACE COMMUNICATION

Face-to-face contect is the mosprimitive form of communicaion — primitive, that is
in tems of tetinolagy.
Transfer effects and personal space

When we cometo usecomputer-medided forms of comnmunicaion, we carry forward
all our expectations and socid norms from face-to-face communicéion. People are very
adaptableand can learn new normsto go with new media However, suacesswith new media
is oftendependent on whetherthe participants can usetheir existing norms.Therules of face-
to-face convesaion are not consciousso,when they are broken, we do nat always recognize
the tiue problem. We may just have

feeling of urease orwe may feel tha our colleaguehas be@ rude

Eye contact and gaze

Normal conversaion uses eye contact extensivey, if not as intently. Our eyes tell us
whether our colleague is listeningor not; they can convey interest, confusion or boredom.
Sporadic direct eye contact (both looking at one another‘s eyes) is important in establshinga
senseof engagementand socid presence. People who look away when you look at themmay
seem shifty and appear to be hiding something. Furthermore, relative frequency of eye
contact and who _gives way‘ from direct eye contact is closely linked to aithority and powver.
Gestures and body language

When the paticipantsare in the sameroom, the existenc of electronic equipment can
interfere with the body language used in normd face-to-face communicaion. The fact that
attention isfocusedon keyboard and sceen can reduce the oppatunities for eye contact.
Also, large monitors may block participants® views of one another‘s bodies, reducing their
ability to interpret gestures and body postion. Most compuer-suppated meding rooms
recess nonitors into thedesks b reduce theseproblems.
Back channels, confirmation and interruption

It is easy to think of conversdion as a sequence of utterances: A says sonething, then
B says something, then back to A. This process is caled turn-taking and is one of the
fundamentd strudures of convesation. However, each utterance is itsdf the result of

intricate neyotiation and interaction. Gonsider thefollowing transcript:
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Alison: Do you fancy that film . . . er..._The Green‘ um . . . it starts at eight.

Brian: Grea

The nods,grimaces, shiugs of the shoutler and small noisesare called back channds. They
feed informaion back from thelistene to the speaker at alevel bdow the turn-taking of the
convasdion. The existence of back channels meansthatthe spesker can afford to be slightly
vague, adding details until it is obviousthat the listene undestands. Imagine making no
response as someone talks to you, no little _yes‘es, no nhodsor raised eyebrows. You could
answe questionsand speak in turn, but not use back channels. It is likely tha your colleague
would soon become very unacmfortable, possbly rambling on with ever more detailed
explandions, bokingfor some sign of understanding:

Do you fancy that film...er... ‘The Green’ um... the one with Charles Dermot in

... you know with that song, er and the black cat on the poster . .. uhh

Turn-taking

Starting to speak in the middle of someone‘s utterance can be rude but one can sa
something like _well uh® accompanied by a slight raising of the hands and a general tensing
of the body and saewing of the eyes. This tells the spe&er that you would like to interrupt,
allowing a graceful trangtion. In this case, thelistene requestedthe floor. Tumn-taking is the
process by which theroles of speaker and listene are exchanged. Back channds are oftena
crudal pat of this proess.

The role of _um‘s and _ah‘s is very important. They can be used by either participant
duringtheggp to clam theturn. Q, if Brian wanted to respond n the midde of the utteance,
but had not yet framed his utterance, he might begin _um the one . . .°. As it was, Brian did
not respond, so Alison starts _er® which says to Brian _I‘m going to continue, but I‘m
thinking‘. Alternatively, Alison could have started to _er‘ as soon as she had said the word
_film*‘. This would have told Brian not to interrupt. These turn-offering gaps are just the
places where the speaker expects someback channd responseeven if no tum exchange takes
place. A total lack of responsewill betaken, dependingon the circumstnces, as assento the

spe&er, or perhaps as lak of undestanding

3.3.2 CONVERSATION
Conveasdiond andyses are sociolaical and pg/chologcal understandings of convesation.

Basic conver sational structure

M.LE.T./CSE/IV/HCI




CS6008/Human

Imagine we have a transcript of a conversaion, recalling from that the produdion of sucha
transcipt is not a simple task. For example, a slightly different version of Alison and Brian‘s
convasaion ma look like this:

Alison: Do you fancy tha film?

Brian: Theuh (30 mg with thebladk cat — _The Green whatsit‘?

Alison: Yeah,go @ uh . .. (looks awatch— 1.2 s). .. 20 t@

This transcript is quite heavily annotated with the lengths of pauses and even Alison‘s action
of looking at her watch. it certainly lacks the wealth of gestureand back channd activity that
were present during theactual conversation.

Transcipts may be lesswell doaumentel, perhgps dropping the pause timings, or more
detailed,adding moreactions, where people were looking and someback channdling. Whilst
thinking about he strudure of conversdion, the tanscipt above is sufficient.

The mostbasic convasaiond strudure is turntsking. On the whole we have an aternating
patern: Alison says something, thenBrian, then Alison agan. The speech within each turnis
called an utterance. There can be exceptionsto this turn-taking structure even within two-
paty convasdion.

Context

Take a sinde utterance from a conversaion, and it will usually be highly ambiguousif not
meaningless: _the uh with the black cat — —The Green whatsitl‘. Each utterance and each
fragment of convesation is heavily dependent on contex, which must be used to
disambguate the utterance. We can identify two types of contex within convesdion:
internal context — dependence on earlier utterances. For example, when Brian says _masses*
in the last transaipt, this is meaningful in the light of Alison‘s question _and lots of
chocolate?‘. This in turn is interpreted in the context of Brian‘s original offer of gateau.
external context — dependence on theenvironment. For example, if Brian had said sinply
_do you want one?‘, this could have meant a slice of gateau, or, if he had been holding a
botte, aglass ofwine, or, if accompaned by aclenched fist, a punh on the nose

Topics, focus and forms of utterance

Alison began the conveasation with the topic of roses. Brian shiftsto therelated, but distinct,
topic of greenfly. However, for somereason Ali son has missedthis shift in focus, so when
she makes her second utterance, her focus and Brian‘s differ, leading to the breakdown in
communicaion. The last two utterances are a recovery which re-establshes a shaed dialog
focus.

Breakdown and repair
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When Alison and Brian were talking about Brian‘s roses, they failed to maintain a shared
focus.Brian
tried to interpret Alison‘s utterance in terms of his focus and failed, or rather the meaning in
thatfocuswas unusu&— greenfly are the symbol of the Endish sumrmer? He thenquestioned
Alison and the onfusionwas cleared. This carection dter breakdown is @led repar.
Speech act theory
Speech act theoly, has been both influential and controvesid in CSCW. Not only is it an
andytic technique, but it has been used as the guiding force behind the design of a
commercial system, The basic premise of speech act theowy is that utterances can be
characterized by what they do. If you say _I‘m hungry‘, this has a certain propositional
meaning — thatyou are feeling hungry. However, depending on who is talking and to whom,
this may also carry the meaning _get me some food* — the intent of the statamentis to evoke
an action on the part of the hearer. Speech act theoly concernsitsdf with the way utterances
interact with the actionsof the paticipants. The act of saying the words changes the state of
the couple.Othe acts include promises by the speaker to do something and requeststhat the
hearer do soméhing. Thesebasic ats ae called illocutionay points.

Individud speeh acts can contribue to a conversaion. The basic strudure of
convesdions can thenbe seen as instances of generic conversaions.One example of sucha
generic structureis aconversdion for action (CfA).

A Decl

) ARequest = \ B:Promise BAsso re @ ADeclare P
\ l ‘, 2D {4} @

A:Counter
A:Accept B:Renege
B Counter
BReject
AWithdraw 3 / A:Withdraw \_‘_/
A Reject
B:Withdraw
o )

3.3.3TEXT BASED COMMUNICATION

Text-based communicdion is familiar to most people, in that they will have written

AWithdraw

and received letters. However, the style of letter writing and that of face-to face
communicaion are very different. The text-based communicaion in groupwae systemsis
acting as a speech substtute, and, thus, there are someproblemsadgpting between the two
media

There are four types of textual @mmunicaion in arrent groupwere:
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discrete — directed messge as in email. There is no explicit connetion between different
messges, except in so fa as the tex of themessge refers to apreviousore.

linear — participants‘ messages are added in (usually temporal) order to the end of a single
transcipt.

non-linear — when messages are linked to ore another in a hypertext fashion.

spatial — where messages are arranged ona two-dimensond surface.

Back channels and affective state

One of the most profound differences between face-to-face and text-based
communicaion is thelack of fine-grained channels. Much of the coordindion of face-to-face
conversation depends on back channels and interpretation of the listener‘s expressions. Text-
basad communication losestheseback channels completely. spesker would pauseto sesk
back channel confirmation or to offer the floor, the text _speaker’ must either continue
regardless, or inish hemessge, efectively passng the tun.

These normdly convey the affective state of the spe&er (hgppy, sad, angry,
humorous)and the illocutionay force of the messge (an important and urgent demandor a
deferentia request). Emal uses have developedexplicit tokensof their aff ective stateby the
use of _flaming* and _smilies‘, using punctuation and acronyms; for example:

:-) — smiing face, hgppy

:-( — sa face, upsetor angry

;-) — winking face, humaous

LOL - laughing out loud
Grounding constraints
This grounding process is linked strorgly with the types of channds throudh which the
conveasants communicae. Clark and Brennan desaibe the propeaties of thesechannds in
tems ofgroundng condraints. Theseinclude
Co-temporality — an utterance is heard as soon as it is sad (or
typed); simultaneity — the participants can send and recelve at the
samne time; sequence — the utteances ae ordered.

These are al constaints which are weaker in text-based compaed with face-to-face
interaction.

In a text-based system, different participants can compo® simultaneously, but they lack
cotempodlity. As we saw, even if themessges appear as they are produced, they will notbe
read in real time. In addition, the messges may only be delivered when complete and even

then ma be ddayed by dow comnunicaions néworks.
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Turn-taking

In a par of participants, turn-taking is simple; first one person says something, then
the other The only problem is deciding exactly when the exchange shoutl hgppen. With
three or more participants, turn-taking is more complex. They mustdecide who shoutl have
the next turn. This is resolved by face-to-face groupsin a numberof ways. First, the
convasdaion may, for a peiod, be focusedon two of the paties, in which casenorma two-
party turn-taking holds Secondly, the spe&er may specific ally addressanotherparticipant as
the utterance is finished, either implicitly by body position, or explicitly: _what do you think
Alison?‘ Finally, the next speaker may be left open, but the cotemporality of the audio
channd allowsthe otherparticipants to negotiate the turn. Basically, whoever spe&s first, or
moststrongly, gets in. Thesemehanisns are aided by back channds, as oneof the listenes
may makeit clear thatshewantsto spe&. In this case eithe the speaker will explicitly pass
theturn (the second option above), or at least the otherli stenes are expecting her to spe. In
addition, the movemat between effective two-party convesaion (the first option) and open
discussbn will bemedided by back channd messages from the othe paticipants.

In an unstuctured text-based conversaion the third option is not avail able, nor, of
course are the back channds. Paired conversdion is quite common and the second option,
explicitly naming the next spe&er, is possble. This naming is not particularly naturd unless
a direct question is bang asked.In both options, the absene of back channds makes it
difficult for anotherlistener to interrupt the conversaion. Some systemsusemore structured
medanisms to ge round these problems, perhaps having a roundrobin protocol (each
participant _speaks® in turn) or having a queue of turn-requests Whether the strictures of
suchmedanisns are worsethanthe problems of occasionalbreakdown dependsvery much
on the ontex and is amatterof opnion.

Context and deixis

Utterances are highly ambiguousand are only meaiingful with respect to extemd
contex, the stateof the world, and internd context, the stateof the conversaion. Both of
theseare prodems n tex-based comnmunicdion.

The very fact that the participants are not co-present makes it more difficult to use
extemd contex to disanbiguae utterances. This is why many groupware systemsstrive so
hard to make the participants‘ views the same; that is, to maintain WYSIWIS (_what you see

is what I see*).
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Whaever the meansof direct communication, remote participants have difficulty in usng
deictic reference. They cannot simply say _that one‘, but must usually describe the referrant: _the
big circle in the corner’. If their displays are not WYSIWIS then they must also ensure that their
colleague‘s display includes the object referred to and that the description is unambiguous.
Asynchronousparticipants have even more problems with deixis as there is no opporunity for
thar colleagues to clarify a reference (without extremely lengthy exchanges). The objects
referred to by a message may have changed by the time someone comes to read it! Similarly,
group pointers are nat really an option, but one can use methodsof linking the conversation to its
context, either by embedding it within the objects as annottions or by having hypertext links
between the conversation and the object. The trouble does notend with external context; there are
also problems with deactic reference to internal context. In speech, the context is intimately
connected to linear sequence and adjacency. As we have seen, even in linear text transcripts,
overlap breaks the strict sequentiality of the conversation, and thus causes problems with
indexicals and with context in general.

1. Alison: Brian‘s got some lovely roses.

2. Brian: I‘m afraid they‘re covered in greenfly.

3. Clarise: I‘ve seen them, they‘re beautiful.

I | Alison:
Brian's got some
lovely roses
2.| Brian: 3 | Clarise:
I'm afraid they're I've seen them
covered in greenfly they're beautiful
4 | Clarise:
Have you tried
companion planting?

Fig: Hypertext convesdion stucture
Pace and granularity
The tem pace is beng usedin a precise sense above Imagine a messagebeng
compogd and sent, the recipient reading (or hearing) the messge and then composng and
sendingareply. Thepace of theconversdion isthe iate d sud asequence of connected
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messges and replies. Clearly, as the pace of a convasaion reduces, there is a tendency.-for
the granulaity to increase To get the same information across, you must send more pe
messge However, it is not as easy as that. We have seen the importance of feedback from
listene to speker in clarifying meaning and negotiating comnmon ground. Even most
monobgs are interactive in the sense that the spe&er is consaently looking for cues of
compreéhensionin thelistene. Raducing the pace of aconvasdion reduces its interactivity.

In a hypertext-based system one can expand severa branches of a conversaion tree,
butin speeh or in alinea text transcipt the converséion follows onebranch. To overcome
theselimitations people adoptsevera coping strateges. The simpleststraegy is justto avoid
convasaion. This can be doneby ddegaing parts of ataskto the diff erent participants. Each
paticipant can then perform much of the task without communicaion. They must still
communicae for large-scae straegic decisions, but have significantly reduced the normad
communicaions.Of course this approah reduces communicéion by reducing collaboréion.
More interesting in a cooperative work setting are two coping straegies which increase the
chunk size of messges in orde to reduce the numberof interactionsrequired to complete a
task. Theestraegies ae frequently seen in boh tex-based conferences ard in letter writing.

The first of thesecoping straegies is multiplexing. Basicaly, the conversants hold
several convasationsin paadle, each messge referring to several topics. In temms of the
convasdion tree, this carespondsa going down several branches at one.

Linear text vs. Hypertext

Multiplexed messges can be represented as updatesto severa parts of the hypertext, thus
redudng thelikelihoodof breakdown and lost topics. In addition, if the messges themséves
can be mini-hypertexts, theneager messges listing several possble courses of action can be
explicitly represented by the mesaye.

Even static hypertexts, which have been carefully crafted by their authors, can be
difficult to navigate. A hypertext that is created _on the fly‘ is unlikely to be comprehensible
to any but thoseinvolved in its creation. Conklin and Begeman,themséves associgaed with
the hypertext based argumentation tool gIBIS, conclude that _traditional linear text provides
a continuous, unwindig thread of contex.

For the asynchronouws reader trying to catch up with a convasaion, a linea transaipt is
clealy easier, butit is precisely in moreasynchronoussetings where overlap in linear text is
mostlikely to causeconfusion

3.3.4 GROUP WORKING

Group behavior is more complex still as we have to take into account the dynamic
socid relationships during group working. We will begin by looking at severa factors which
aff ect groupworking, and then disass he prodems of stidying groupworking .

Group dynamics
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organizationd relationdhips suchas supevisor/aupavisee are relatively stable, the roles and
relationships within a group may change dramatically within the lifetime of a taskand even
within a singe work session. For example, studies of joint authoring have found that roles
suchas author, co-author and commentator change throughout the lifetime of a document.
This means that systems,suchas co-authoring systems which usea forma conagpt of role,
mustallow theseroles to chage together with thesocidly defined roles.
A pesonmay be an authorof a bookor paper, but never write thewordsin it, acting instead
as a soure of ideas and comments. A particular case of this is the biographicd story where
the indivdud
conarned and a professonal writer co-author the book, but only the professond author
writes. A @m-authoring system such @Quilt would @l the nonwriting author a
_commentator‘ or a _reviewer, but not an _author‘. One can imagine some of the social
friction such naning will cause.
Physical layout

The designers of Capture Lab, an eight-person meding room, consdered all these
features and mary other subte effects. However, the uses still had some difficulty in
adapting to the powe positionsin the electronic meding room. At fir st sight, the electronic
meding roomis not unlike anormd conference room. If the shaed saeen is awhiteboad or
an overhead projedor, then the most poweful postion is towad the front of the room .
Managers would normdly take this seat as they can then easily move to the whiteboad or

overhead projector to point out some item and draw the group‘s attention.

Shared screen N

D ‘¥ @
2 \%" : ‘g \s )

Distributed cognition
Traditional views talk about the movemet of information beween working memoy and
long-term memoy: it is not so difficult thento regard bits of paper, books and compuer
systemsas extensionsto theseinternd memoy systems.Similarly, mary modelsof human
cognition regard the mind as a sé of interacting subystems.The stepto regarding several
people & invdved in jant thinking is na difficult.
3.4HYPERTEXT, MULTIMEDIA AND THE WORLD WIDE WEB

e Hypertext allows doaments ¢ belinked in a nonlineafashion

e . Multimediaincomporaesdifferent media: sourd, images, andvideo.
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e TheWorld Wide Web isa global hypermedia system.

e Animation and vide can show infomation hat is difficult to convey staticaly.

e Applications of lypermedia indude online hip, eduction and ecommerce.

e Design for the World Wide Web illustrates general hypermedia design, but also has

its own speial problems.

e Dynamic web content @n beusedfor simple online demongration
3.4.1 Hypertext.
*The term hypertext means certain extra capabilities imparted to normal or standard text.
*Technical documentation consists often of a collection of indepadent informaion unis.
*It consists of cross references which lead to multiple searches at different places for the
reader.
*Hypertext is text which is not constrained to be linear and it contains links to other texts
which is known & hyperlinks.
*Hypertext is mostly used on World Wide Web for linking and navigating through different
web pages.
*A hypertext consists of two different parts: Anchor and link
*An anchor or node is an entry point to another document. In some cases instead of a text an
image a video orsore other nontextual dement.
*A link or pointer provide connection to other information unit known as target documents.
3.4.2 Multimedia refers to usingcompuers to integrate text, graphics,animation, audio, and
videointo one
application. Most multimedia applications are interactive, so that users may choosethe
mateaial to view, define the order in which it is presented, and obtain feedback on their
actions.
Interactivity also makes multimediavery suitable for video games,electronic newspaers and
magaines, eledronic books and references, simulations virtual reality, and computer-based
training. Multimediaappli cations can be created by using a multimediaauthoring software.
Many multimediagpplications ae adso delverable via theWorld Wide Web.
Graphics

A graphic is a digital representation of informaion suchas a drawing, a chat, or a

photogaph.Giaphics were the fir st mediausedto enhance the originally text-based Intemnd.
Two of the more common graphicd formas on the Web are JPEG and GIF. Othe graphical
formats such as BMP and TIFF have larger file sizes, and may require special viewer
softwae to display on the Web. To reduce download timesfor graphics, someWeb sites use
thumbnadl s, which is a smaller version of a larger graphical image thata usermay click to
display the ullsized image.
Audio
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Audio can be mustk, speech, or any other sourd. Common audio formats include
WAV, MID, and MP3. SomeWeb sites usestreaming audio, which alowsa userto listento
the soundas it downloals to the computr. Two accepted standads for streaming audio on
the Web are Windows MediaPlayer and RealAudio.

Video

Video conssts of full-motion images that are played back at various speel. Most
video is also accompaned with audio. MPEG is a popular video compresson standad
defined by the Moving Picture Experts Group (MPEG). Streaming video allows a userto
view longer or live video images as they download to the compuer from the Web. Two
popularstreaming videoformats ae Windows MediaPlayer and RelVideo.

Animation is the goppearance of motion that iscreated by displaying a sefres of stll images

in rapid sequence. Animated GIF is a populartype of animation format, which combines
several images ino asinde GIF file.

Multimedia Authoring Software

Multimediaauthoring sdtware combines text, graphics, animation, audio, and video
into an application. Multimediais widely usedin video games, electronic newspaers and
magaines, eledronic books and references, simulations virtua reality, and compuer-based
training. Popular multimedia authoring software includes Macromelia AuthoWare,
Macromealia Director, and Macromeadia Flash. Multimedia computrs have facilities for
handling soundand video as well as text and graphics. Most compugrs are now sold with a
multimediacapecity.
3.4.3Web - World Wide Web

The Web, or World Wide Web, is basicaly a system of Internet severs that support
spedally formatted doauments.The doauments are formated in a markup language call ed
HTML (HypeText Markup Language) that sugports links to other doauments,as well as
graphics, adio, and viao files.

This means you can jump from onedoaimentto anothersimply by clicking on hot spos. Not
al Internet severs are part of the World Wide Web.

The Intemet is a worldwide collection of networks that links millions of bushesses,
government offices, educationd institutions, and individuals. Data is transfered over the
Interng using seavers, which are compugers that manage nework resaurces and provide
centrdi zed storage areas, and clients, which are computrs that can accessthe contentsof the
storage areas. The data travels over communicaions lines. Each compuer or device on a
communicaionsline has a numeic addresscalled an IP (Intemet protocd) address,the text
version of which is called a domainname. Every time you specify a domain name, a DNS
(doman name system)server translates the domainname into its assocated IP address, so

data @anrouteto the correct computer
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An Interng sevice provider (ISP) provides tempogary Interng connections, to
individualsand companeés. An online savice provider (OSP) also supples Intemet access,in
addition to a variety of specdal contentand sevices. A wireless savice provider (WSP)
provideswireless Intemet accessto uses with wirelessmodemsor Web-enabled handheld
computrs ordevices.

Employees and studentsoften connect to the Intemet through a busihess or school
network that @nnects o asewrice provder. For home orsmallbushness uses, dal-up acess
providesan easy and inexpensiveway to connect to the Intemet. With dial-up access,you use
a compuer, a modem,and a regular telephoneline to dial into an ISP or OSP. Some home
and snal bushess uses opt for newer, high-speed tedinolagies. DL (digital subgriber line)
provides high-speed connections over a regular copper telephoneline A cable modem
provides hidp-speel Intemet connetions hrough a cable television néwork.

The World Wide Web (WWW or Web) conssts of a worldwide collection of
electronic documentscalled Web pages. A browser is a softwae program usedto accessand
view Web pages. Each Web page has a unique address, called a URL (Uniform Resour@
Locator), that tells a browse where to locate the Web page. A URL consigs of a protocol,
domain name, and soméimesthe path to a spedfic Web page or location on a Web page
Most URLs begin with http://, which stards for hypertext transfe protocol, the
communicaions séndad that eables pages to tansfa on theWeb.

A search engine is a sdtware program you can use to find Web sites, Web pages, and
Internet files. To find a Web page or pages, you enterarelevant word or phrase call ed search
text or keywords, in the search engine‘s text box. Many search engines then use a program
caled a spder to read pages on Web sites and create a list of pages that contain the
keywords. Any Web pagethatis listedas the result of the search is called a hit. Each hit is a
link that @n beclicked to dispgay the asaiated Web sie orWeb page

There are six basic types of Web pages. An advocacy Web page containscontentthat
desaibes a cause,opinion, or idea A bushessmarketing Web page contains contentthat
promoks or sdls products or sevices. An informational Web page contains factual
information. A news Web page containsnewsworthy materal including stories and articles
relating to current events, life, money, sports,and the weather. A portd Web page offers a
variety of Internegt savices from a sindge, convenient locaion. A persona Web page is
maintainel by a private individud who nomally is notassoci@ed with any organization.

Many exciting Web pages usemultimedia Multimediarefers to any application that
integratestext with oneof the following elements: graphics, sound,video, virtud redlity, or
othermediadements.

A graphic is a digital representation of information such as a drawing, chart, or
photogaph. Two common file formats for graphicd images on the Web are JPEG (Joint
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Photogaphic Expets Group) and GIF (Graphics Interchange Forma), which. use
compressn tediniques o reduce the size of graphics iles andthusspee downloaling.

Animationis the appearance of motion created by displaying a seaies of still imagesin
rapid sequence. One popular type of animation, called an animated GIF, usescomputer
animation and giaphics ®ftware to combine seveal images into asinde GIF file.

Audio is musk, speeh, or any othersound.A common format for audio files on the
Web is MP3, a populr technology that compressesaudio. More advanced Web audio
applications usestreaming audio, which transfers audio daa in a continuous and even flow,
allowing users to listento the soundas it downloads. Video conssts of full-moton images
thatare played back at various speels. Video files often are quite large in size. The Moving
Pictures Experts Group (MPEG) defines a popularvideo compresson standard. Streaming
video d owsyou to view longer or live video imayes as they are downloaled.

Virtual redity (VR) is the use of compuers to simulate a real or imagined
environmern that appears as a three-dimensiordal (3-D) spa@. A VR world is an entire 3-D
site that ®ntains nfinite spae and depth.

A variety of savices are used widely on the Interng, including e-mail, FTP,
newsgroups and messge boads, mailing lists cha rooms, and instant messging. E-mail
(eledronic mail) is the transmison of messges and files via a compuer ngwork. You use
an e-mail program to create, send, receive, forward, store, print, and ddete messges. To
receive messges, you need an e-mail address, which is a combinaion of a username and a
domain nane tha identifies auser

FTP (File Transfa Protocol) is an Intemet stardard that all ows you to upload and
downloal files with othe compugrs on the Intemet. An FTP saver is acompugr thatallows
you to useFTP to upload files to, and downloa files from, an FTP site. With anonymous
FTP, anyone can transfer some,if not all, available files. A newsgroupis an online area in
which uses condud written disaussbns about a particular subgct. The computer that stores
and distributes newsgroup messges is caled a news sever. You usea program caled a
newsreader to access a newsgroup, read previously entered messges (caled articles), and
add (post) messges of your own.

A thread conssts of the original article and all subsequet related replies. In a
modeerted newsgroup, a modestor reviews articles and poss them, if appropiate. A
messgeboad is a populaWeb-basal type of discusson goupthat doesnot requirea
newsreade andtypicaly is easierto usethananevsgoup.A mailing listis agroup of e-mail
namesand addresseggiven a single name. To add your e-mail name and addressto a mailing
listyou subsribe to it; to renoveyour rame,you undubscibe.

A chd is real-time (meaning everyoneinvolved in thechat is online at the sanetime)

typed convesdion that takes place on a compuer. A locaion on an Interng sever that

M.LET,/CSE/IV/HCI




CS6008-Human Computer Interaction

permits uses to chat is caled a chat room. Some cha roomssupportvoice chas and video
chas, where you can hear or see othe's and they can hear or see you as you cha. A cha
client is a program on your compugr that allows you to connect to a cha sever and stat a
cha sesson. Instantmessagng (IM) is a rea-time Intemet communic&ions seavice that
notifies you when one or more people are online and thenall ows you to exchange messges

or join aprivate chat room.
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UNIT IV
MOBILE HCI
Mobile Ecosystem: Platforms, Application frameworks- Types of Mobile Applications:
Widgets, Applcations, Gimes Mobile Information Architecture, Mobile 20, Mobile Design:
Elements of Moble Design, Tools.

4.1 The Maobile Ecosystem

Mobile is an entirely unique ecosystemand, like the Intemd, it is madeup of mary
different parts that mustall work seamlessly togeher. With mobile technology, the parts are
different, and becauseyou can usemobile devices to accessthe Intemet, that means that nat
only do you need to understand the facets of the Interndt, but you also need to undestand the
mobile ecosystem.

4.1.1 Operators

Thebaselayer in the mobile ecosystemis the opeator. Opaators go by many names,
depending on what part of theworld you happen to bein or who you are talking to. Opeators
can bereferred to as Mobile Network Operators (MNOSs); mobile sevice providers, wireless
carriers, or simply carriers; mobile phoneopeators; or cellular comparnes. In the mobile
community, we officially refer to themas operators, thoudh in the United States, ther is a
tendacy to cal them Carriers. Opeators are wha essentialy make the entire mobie
ecosystem work. They are the gatekegpears to the kingdom. They instal cellular towers,
opaate the cdlular nework, make sevices (such as the Interngt) available for mobile
subscibers, and they often maintainrelationships with the subscibers, handling billing and
support,and offering subsidized device sdes and a network of retail stores. The operator’s
role in the ecosystan is to create and maintaina specfic se of wireless savices over a

reliable cellular network. That’s it. However, to grow the mobile market over the past decade,
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the opeaator has been required to take a greater role in the mobie ecosystem,doing much
more than just managing the network. For example, they have had to establsh trust with
subscibers to randle thebilling relationship and to dfer.
4.1.2 Networks

Opeators opeaate wireless neworks. Remembe that cellular technology is just a
radio that recelves a signd from an antenra. The type of radio and antennadetemines the
capability of the network and the services you can enable on it. You’ll notice that the vast
majoiity of networks around the world use the GSM standad, using GPRS or GPRS EDGE
for 2G daa and UMTS or HSDPA for 3G. We also have CDMA (CodeDivision Multiple
Accesg andits 2.5G hybrid CDMA 2000, which offers greater coverage thanits morewidely
adoptedrival. So in places like the United States or China, where people are more spread out,
CDMA is a great tedhndogy. It usesfewer towers, giving subscibers fewer optionsas they
roam netwoks.
4.1.3 Devices

Wha you call phones, the mobile indudry calls handsetsor teminds. These are
temsthat| think are becoming outdatel with the emergence of wirelessdevices thatrely on
operator networks, but do not make phone calls. The number of these “other” devices is a
small piece of the overall pie right now, but it’s growing rapidly. Let’s focus on the biggest
slice of the device pie—mobile phones. As of 2008, there are about 3.6 billion mobile phones
currently in use around the world; just more than half the planet’s population has a mobile
phoneMost of thesedevices are feature phores, makingup the majoity of the maiketplace.
Smatphones make up a small sliver of worldwide market shae and maintain a healthy
percentage in the United States and the European Union; smatphonemarket shae is growing
with the introdudion of the iPhone and devices based on the Android platform. As next-
generation devices become a redlity, the distinction between feature phores and smatphones
will go away. In the next few years, feature phanes will largely be located in ememing and
developing markets.
4.2 PLATFORMS

A mobile platform‘s primary duty is to provide accessto the devices. To run softwae
and savices on each of thesedevices, you need a platform, or a core programming language
in which al of your software is written. Like al softwae platforms, theseare split into three
categories: licensed, prqorietary, and open soure.
4.2.1 Licensed

Licensed platforms are sold to device makes for nonexclusive distribution on
devices. The goadl is to create a common platform of development Application Programming

Interfaces (APIs) that work similarly across multiple devices with the least possble effort
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required to adgpt for device differences, athoughthis is hardly reality. Following are the
licensedplatforms:
Java Micro Edition (Java ME)

Java ME is by far the most predominant software platform of any kind in the mobile
ecosystem.It is alicensal subsef the Java platform and providesa collection of Java APIs
for the deelopment of ftware for resoure condrained devices such a pfhones.

Binary Runtime Environment for Wireless (BREW)

BREW is a licensedplatform created by Qualcomm for mobie devices, mosty for
the U.S. maket. It is an interface-indepadent platform that runs a variety of application
frameworks, sut as JC++, Java, and FlashLite.

Windows Mabile

Windows Mobile is a licensableand compact version of the Windows opeating
system,combined with a suite of basic applicationsfor mobile devices thatis based on the
Microsot Win32 AR.

LiMo

LiMo is a Linux-based mobile platform created by the LiMo Foundadion. Although
Linux is open soure, LiMo is a licensedmobie platform usedfor mobie devices. LiMo
includes SDKs for creating Java, naive, or mobie web applications using the WebKit
browse framework.

4.2.2 Proprietary

Proprietary platforms are designed and developed by device makers for use on their
devices. They are not avail able for use ly competing device makers. These include Paim
Palm uses three different proprigtary platforms. Their firstand mostrecognizable is the Palm
OS platform based on the C/C++ programming language; this was initialy developed for
their Palm Pilot ling, but is now usedin low-end smatphonessuchas the Centro line As
Pam movedinto higher-end smatphones,they stated using the Windows Mobile-based
platform for devices like the Treo line The mostrecent platform is called webOS,is based
on the WebKit browser framework, and is used in the Pre line.

BlackBerry

Research in Motion maintains their own proprietary Java-based platform, used
exclusively by their BlackBerry devices.
iPhone

Apple usesa proprietary versionof Mac OS X as a platform for their iPhoneand iPod
touch line ofdevices, which is baed on Unix
4.2.3 Open Source

Open soure platforms are mobile platforms that are freely available for uses to

downloal, dter, and edit. Open sour@ mobie platforms are newer and slightly controvesid,
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butthey are increasingly gaining traction with device make's and developers. Android is.one
of theseplatforms. It is developed by the Open HandsetAlli ance, which is speaheaded by
Goode. The Alli ance seks to develop an open source mobie platform based on the Java
programming language.
4.3 APPLICATION FRAMEWORKS

Application frameworks often un on top of opeating systems, fiaing core sewices
suchas commurgations, messging, graphics, lo@tion, seurity, authenti@ion, axd mary
othes.
Java

Applications written in the Java ME framework can often be deployed acrossthe
majoiity of Java-based devices, but given the diversity of device saeen size and processor
powe, crossdevice deployment @n bea chdlenge
S60

The S50 platfam, formely known & Series 60, is the gplication platbrm for
devices
that run the Symbian OS. S60 is often associaed with Nokia devices—Nokia owns the
platform—Dbut it also runs on several non-Nokia devices. S60 is an open sour@ framework.
S60 gplications @n becreated in &va, the §mbian C++framework, or even HashLite.
BREW
Applications written in the BREW application framework can be deployed across the
majoiity of BREW-based devices, with slightly less crossdevice adaption than other
frameworks.
Flash Lite

Adobe Flash Lite is an application framework that uses the Flash Lite and
ActionSript frameworks to create vector-based applications. Flash Lite applications can be
run within the HashLite Player, which is a\ail able in a handful of devices aroundthe world.

FlashLite is a ppmisingand poweful platform, but there has been sone difficulty
getting it on devices. A dstribution sevice for gpplications witten in Hash Lite is long

ovedue

Windows Mobile

Appli cations written using the Win32 API can be deployed acrossthe majoiity of
Windows Mobile-based devices. Like Java, Windows Mobile applications can be
downloaled and ingalled over theair or loaded via a cable-conrected computer.
Cocoa Touch

Cocoa Toud is the API usedto create native applications for the iPhore and iPod
touch. Cocoa Toudh applications must be subnitted and certified by Apple before beng
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included in the App Store Once in the App Store applications can be purchased,
downloaled, and indalled ove theair or via acable-connested @mputr.
Android SDK

The Android SDK allows developers to create native applicationsfor any device that
runsthe Android platform. By usingthe Android SDK, developers can write applicationsin
C/C++ or use a Java virtual madine included in the OS that alows the creation of
applications wih Jva, which is nore common in he mobie ecosystem.

Web Runtimes (WRTYS)

Nokia, Opea, and Yahoo! provide various Web Runtimes, or WRTs. These are
meant to be miniframeworks, based on web standads, to create mobie widgets. Both
Opera‘s and
Nokia‘s WRTs meet the W3C-recommendel speifications formobie widgets.

WebKit

WebKit is a browse technology, so applications can be created simply by using web
technologes such as HTML, CSS, and JavaScript. WebKit also supprts a number of
recommendel standrds not yet implementedin mary desktopbrowses. Applicationscan be
run and tested in ay WebKit browse, desktop or mobie device.

TheWeb

TheWeb is the only application framework thatworks acrossvirtualy al devices and
al platforms. Although innovation and usageof the Web as an application framework in
mobie has been lacking for mary years, increased demandto offer produds and savices
outsde of operator control, togethe with a desire to support more devices in shorte
development cycles, has madethe Web one of the mostrapidly growing mobie application
platforms b dde.

4.4 Types of Mobile Applications
4.4.1 Mobile Application Medium Types

The mobie mediumtype is the type of application framework or mobie tednology
that presents contentor informationto the user It is a technical approach regarding which
type of medium to use;this decision is determined by the impact it will have on the use
experience.

SMS
The mostbasic mobile application you can create is an SMS application. Although it

might seem odd to consde text messges applications, they are nonetheless a designed
expeience. Given the ubiquity of devices thatsugport SMS, theseapplications can be usetll
tools when integrated with othermobile application types. Typicdly, the usersendsa single
keyword to a five-digit shortcodein order to return informationor alink to premium content.

For example, sending the keyword “freebie” to a hypothetical short code “12345” might
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return a text messge with a couponcode that could be redeemed a a retail location, or it
could include a link to a free ringtone. SMS applications can be both “free,” meaning that
ther is no additional charge beyond the text messge fees an opeator charges, and
“premium,” meaning that you are charged an additional fee in exchange for access to
premium content. The most common usesof SMS applications are mobie content, such
ringtonesand images, and to interact with actual goodsand services. Some vending machines
can dispensebeverages when you send them an SMS; SMS messges can also be usedto
purchasetime at a paking mete or pay lot. A great example of how SMS addsincredible
value would be Twitter, where uses can receive SMS aerts from their friends and postto
theirtimeline fom any mobie device.
4.4.2 M obile websites

Mobile website is a website designed specifically for mobile devices, not to be
confusel with viewing a site mace for desktgp browses on a mobie browser. Mobile
websites are characterized by their simple “drill-down” architecture, or the simple

presentation of naigaion links ha take you toapagealevel deeer.

Mobile websites often have a simple design and ae typicaly informationalin natue, offering
few—if any—of the interactive elements you might expect from a desktop site. Mobile
websites have made up the majoiity of wha we considerthe mobile web for the past decade,
stating with the early WML-based sites (not much morethana list of links) and moving to
today’s websites, with a richer experience that more closely resembles the visual aesthett
uses have come to expect with web content. Though mobie websites are fairly easy to
create, they fail to display consstently acrossmultiple mobile browses—a trait comnmon to
al mobie web mediums The mobie web has been gradudly increasing in usaye over the
years in mostmajor markets, but the limited experience offered little incentive to the use.
Many compae the mobie web to a 10-year-old version of the Web: slow, expensiveto use,
and not much to look at. As better mobie browses stated beng introdued to device
platforms like the iPhone and Android, the qudity of mobie websites began to improve

dramaticdly, and with it, usag improved. For example, in just one year, the U.S. market
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went from being just barely in the top five consumers of the mobie web to numberoneg
largdy dueto theimpact of the iFhonedone.
Pros
* They are easy to create, maintain, and publish.
* They can use all the same tools and techniques you might already use for desktop Sites.
* Nearly all mobile devices can view mobile websites.
Cons
The cons of mobié webstes ae:
* They can be difficult to support across multiple devices.
* They offer users a limited experience.
* Most mobile websites are simply desktop content reformatted for mobile devices.
4.4.3 Mobile Web Widgets
Largely in respon® to the poor experience provided by the mobie web over the
years, there has been a growing movemet to establsh mobie widget frameworks and
platforms. For years the mobie web userexperience was severely underutilized and fail ed to
gain traction in the market, so several opeators, device makers, and publishes began

creating widget platforms (Figure) to counter the mobile web‘s weaknesses.

Figure: An example mobie web widget
| initially sav mobile web widgets as anotherattempt by the mobile indudry to hype

a technology that no one wants. | liked to quiz mobie web widget advocates about what
makes moble web widgets different than what we can do with he mobie web.
A component ofauser interface that opeates in aparticular
way. Theever-trusty Wikipedia ddines a web widget this way:

A portable chunk of code that can be installed and executed within any separate
HTML based web page by an end use without requiring additional compilation.
Between thesewo definitions 5 a béter answer:

A mobie web widget is a stand#éone chunkof HTML-based codethatis executedby
the end user in a particular way. Mobile web widgets are small web applications that can‘t

run by themséves; they need to be executedon top of something else. | think onereasonfor

M.LET,/CSE/IV/HCI




CS6008-Human Computer Interaction

al the confusion around wha is a mobie web widget is that this definition can..aso
encompassany web goplication that uns n abrowse. Opera Widgets, Nokia Web RunTime
(WRT), Yahoo! Blueprint, and Adobe FlashLite are all examples of widget platforms that
work on a number of mobie handsets.Using a basic knowledge of HTML (or vector
graphics in he caseof Flash) you can create compdling use experiences that tap into device
features and in many cases, can runwhile thedevice is offline

Pros

The pros ofmobie web widgets ae:

* They are easy to aeate, wlsingbasic HTML, CSS, and JvaScript knowledge

* They can be simple to deloy across muliple handsets.

» They offer an improved userexperience and a richer design, tappirg into device features
and offline use.

Cons

The cons of mobié web widgets ae:

* They typically require acompatibk widget platform to beinstalled on the deice.

 They cannot run inany mobie web browse.

* They require learning additional pioprietary, non-web-standad techniques.

4.4.4 Mobile Web Applications

Mobile web applications are mobie applications that do not need to be installed or
compied on thetarget device. Using XHTML, CSS, and JavaScript, they are able to provide
an goplication-like experience to the end use while running n any mobie web brovse. By
Application -like experience, | mean thatthey do not usethedrill-downor page metaphorsin
which a click equds arefreshof the content in view. Web applicationsall ow uses to interact
with content in real time, where a click or touch performs anaction within the @irrent view.

The history of how mobie web applications came to be so commonpkce is
interesting, and is onethat | think can give us an undestanding of how future mobile trends
can be assesse and undestood.Shortly after the explosion of Web 2.0, web applicationslike
Facebook, Flickr, and Goode Reader hit desktopbrowse's, and there was discusson of how
to bring thosesame web applicationsto mobie devices. The Web 2.0 movemat brought
usercentered design principles to the desktop web, and thosesame prindples were sorly
needed in the mobie web spae aswell.

The challengg as always, was device fragmengtion. The mobie browse's were years
behind the desktop browseas, makingit nearly impossble for a mobie device to rende a
compasble experience. While XHTML suppat had become fairly comnonpla@ across
devices, the rendaing of CSS2 was wildly inconsstent, and support for Java- Script,
necessay or simple DHTML, and Ajax was completely noneistent. To makemattes worse

the perceived maiket demandfor mobie web applications was not seen as a priority with
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mary opeaators and device makes. It was the classc chickenor- the-egg senario. Wha had
to comefirst, maket demandto drive browse innovationor optimized contentto drive the
martket? With the introdudion of the first iPhore, we sav a cataclysmic change acrossthe
boad.

Using WebKit, the iPhone could renda web applications not optimized for mobie
devices as peafectly usable, including DHTML- and Ajax-poweaed content. Developers
quickly got on boad, creating mobie web applications optimized mogly for the iPhone
(Figure). The combination of a high-profile device with an incredibly powerful mobie web
browse and a quickly increasing catalog of nicely optimized experiences created the perfect

storm he comnunity had been wating for.

Usage of the mobie web explodedwith not just uses of the iPhone but uses of other
handsets,too. Because Web applications being created for the iPhone were based on web
standads, they actually worked reasorebly well on other devices. Opeators and device
make's saw thatconsuners wantednot just the mobile web on their hand<ets, but the regular
Web, too.
Pros:

The pros ofmobie web gpplications ae:
* They are easy to aeate, wlsingbasic HTML, CSS, and JvaScript knowledge
* They are simple to deployacross muiiple handses.
* They offer a better use experience and a rich design, tappirg into device features & offline
use.
« Content isaccessble onany mobie web brovser.
Cons:

The cons of mobié web goplications ae:
» The optimal experience might notbeavail able ondl handsets.
* They can be chdlenging (but not mposible) to syport aross muliple devices.
* They don‘t always support native application features, like offline mode, location lookup,
file system a&cess, canera, and 2 on.
4.4.5 Games
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The most popularof al mediaavailable to mobie devices. Technicaly gamesare
realy just ndive applications that use the similar platform SDKs to create immersive
expeiences (Figure). But | treat them differently from native applications for two reasons:
they cannotbe easily duplicated with web techndogies, and porting them to multiple mobile
platforms isabit easierthan typical platform-based gpplications.

Seeing as how we have yet to see thesetypes of gaming experiences appear on the
desktop using standad web tedhnolagies, | believe we are still a few years out from sesing
them on mobile devices. Adobe‘s Flash and the SVG (scalable vector graphics) standard are
theonly way to do it onthe Web now, and will likely be how it is doneon mobie devices in
the future, the primary obstade being the peformane of the device in dealing with vector
graphics. The reason games are relatively easy to port (—relativelyl being the key word), is
thatthe bulk of the gaming experience is in the graphicsand actually usesvery little of the
device APIs. The game medanics are the only thing that needs to adgpted to the various
platforms. Like in consde gaming, there are a great number of mobile game porting shops
that @n quickly takea game written in one laguage and pot it to another

These differences, in my mind, are wha make mobie games standapart from all
other application genres—their capability to be unique and difficult to duplicate in another
application type, thoudh the game itsdf is relatively easy to port. Looking at this modelfor
otherapplication areas—namely, the mobile web—could provide hdpful insight into how we
create the tuture of mobile web goplications.

Pros. The pros ¢ gameapplications ae:

*» They provideasimple and easy way to create an immersive experience.
» They can be ported to nmultiple devices rdatively easily.

Cons. Thecons ofganeapplications ae:

* They can be costly to develop as a original game title.

* They cannot esily be ported to the mobie web.

45MOBILE INFORMATION ARCHITECTURE
What Is Information Architecture?
Thestrudurd design of shaed information eavironments
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e The combinaion of organizations, labdling, search, and navigation systems within
websites andintrangs

e The art and sdena of shapinginformation produds and experiences to suppot
usabilty and find aility

e An emerging discipline and community of practice focusedon bringing principles of
design and architectureto the digtal lands@pe

Infor mation architecture
The organization of data within an informationalspae. In othe words, how the userwill get
to information or peform tasks wihin a website or goplication.
Interaction design
The design of how the use can participate with the information present, either in a direct or
indirect way, meaning how the userwill interact with the website of application to create a
moremeaningful experience and accomplish hergods.
I nformation design
The visuallayout of informationor how the userwill assessneaning and direction given the
information preented tohim.
Navigation design
The words usedto desaibe information spaces; the labds or trigge's usel to tell the users
wha sorrething is and toestablish he expectation of wha they will find.
Interface design

Thedesign of thevisualparadigms ugd to ceate action orundestanding.
The role of information architecture is played by a variety of people, from produd

manayers to designers and even developers. To makethings more confusing information
architecture can be called mary different things throudhout the design and development
process. Words like intuitive, simple, findable, usable, or the executive favourite easy to-
use—all desaibe the role that infomation achitects ply in creating digital experiences.
Thevisual design of your produd, what frameworks you use, and how it is developed
are integral to the sucess of any produd, but the information architecture standsapart as
being the mostcrucial elementof your produd. It is the first line of sacimmage—the user‘s
firstimpresson of your produd. Even if you have the best design, the best code and the best
backend sevice, if the usercannot figure out how to useit, shewill fail and so will your
produd.
Mabile Information Architecture
Informationarchitecture has becomea comnon discipline in theweb industry; unfortunaely,
the mobie indudry like softwae has only a handful of specialized mobie information
architects. Although mobile informationarchitecture is hardly a discipline in its own right, it

certainly ought to be This is not becauseit is so dissmilar from its desktop cousn, but
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becauseof context, added technicd constaints, and needing to display on a smalkr saeen as
much inbrmation as w would on adesktop

The role of a mobile information architect would be to interpret this contentto the
mobie contex. Do you use the same structure, or sections? Do you present the same
informationabovethe fold? If so,how shout thatbe prioritized? How does the usernavigate
to otherareas? Do you usethe same visual and interaction paradigms, or invent new ones?
And if you do stat to inventnew paradigms, will you losethe visual characteristics of what
uses expect?
Keeping It Simple
When thinking about your mobile information architecture, you want to keep it as simple as
possble.
Support your defined goals
If something doesn‘t support the defined goals, lose it. Go back to your user goals and needs,
and identify the tasks thamap to them. Find thoseneeds am fill them.
Clear, ssimple labels

Goodrigger labels, the words we useto desaibe each link or action, are crudal in
Mobile. Words like products or services aren‘t good trigger labels. Users have a much higher
threshold of pan when clicking about on a desktop site or application, hunting and pecking
for tasy morsels. Mobile performs short,to-the-point, get-it-quick, and get-out types of tasks.
Wha is corvenient on the dektopmight bea dedl bresker on mobik.
45.1 Site Maps

Relationship of content to dher content ad provide amap br howthe use will
travel through the inbrmationd spa® Limit oppotunities for mistakes In Figure, you can see
a pootly designed mobie information achitecturethat too closky mimics its desktop cusi;

it was notdesigned with the mobile use in mind.
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In the mobile context, tasksare shortand uses have limited timeto perform them.And with

mobile websites, we can‘t assume that the users have access to a reliable broadband
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connection that all ows themto quickly go back to the previous page. In addition, the uses
more oftenthan not have to pay for each page view in daa charges. So not only do they pay
cash for viewing the wrong page by mistake they pay to again download the page they
started from: we can‘t assume that p@es will be cached proerly.
Confirm the path by teasing content

Informationheavy sites and applications often employ nested or drill-down
architectures, forcing the userto sekct category after category to get to theirtarget. To reduce
risking the user‘s time and money, we want to make sure we present enough information for
the userto wade through our information architecture suaessfully. On the Web, we take
theserisks very lightly, but with mobile, we mustgive our users a hdping hand. We do this

by teasing content within each category— that is, providing at least one contentitem per

category.
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4.5.2 Clickstreams

Clickstream is aterm usel for showirg the behavior on websites, displaying the order
in which users travel through a site‘s informationarchitecture, uswally based on data gathered
from saver logs. Clickstreams are usually historical, used to see the flaws in your
informationarchitecture, typically using heat-mapping or simple percentages to shov where
your users are going. I‘'ve always found them to be a useiil tool for researching large
websites. The mapstheideal pah the userwill take to perform common tasks.Being able to
visually lay out the path users will take gives you a holistic or bird‘s-eye view of your mobile
information architecture, just as aroad mapdoes. When you can see al the pathsnext to each

otherand take a stepback, you stat to see shortats and how you can get uses to their god
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faster or easier, as shown in Figure. Just create useror process flows, such as the esoteic
diagam shownin Figure, which is made up of boxes and diamondsthat look more like
circuit boad diagrams than information architecture. If thatis what your team prefers, then
by al means, flow away. Persondly, | like to present al of my information architecture
ddiverablesfrom the perspedtive of the user using the same metphorsshe will useto make
her way through my information achitecture in this case dther a scieen or page metgphor.
4.5.3 Wireframes

Thenext informaion architecturetool at our dispcsd is wireframes.Wireframesare a
way to lay out information on the page, also referred to as information design. Site maps
showhow our contentis organized in our informationd spae; wireframesshowhow theuser
will directly interact with it. Wireframesare li ke the peanut butter to the site mapjelly in our
information architecture sandwich. It‘s the stuff that sticks. Wireframes like the one in Figure
save to makeour information spae tangble and usetil. Wireframesto be one of the most
vauableinformationdeliverablesto communicae my vision for how a site or app will work,
the challenge is that a diagram on a piece of paper doesn‘t go a long way toward describing
how the interactionswill work. Most common are what I call —in-place interactionsor areas
where the usercan interact with an element without leaving the page This can be donewith
Ajax or a little show/hde JavaScript. These interactions can include copious amount of
annotation, degthing each contentareain asmud lergth asyou can fit in the magins o the
page
4.5.4 Prototyping

Prototypes might soundlike a scary (or costly) step in the process. Someview them
as redundant or too time-consuning, preferring to jump in and stat coding things. But as
with wireframes, 1‘ve found that each product we‘ve built out some sort of prototype has
saved both tme and mong.
Paper prototypes
Themostbasic levd we have is pgoer prototyping: takingour printed-out wireframesor even

drawings of ou interface, like the oneshown in fgure, and puttng them in front of p@ple.
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Context prototype

The next stepis creating a contex prototype (Figure). Take a higher-end device that
enablesyou to loadfull-screen images onit. Take your wireframesor sketdes and loadthem
ontothe device, sized to fill the device saeen. Leave the office. Go for awak downto your
nearest café. Or get on a busor atrain. Pay particular attention to what you are thinking and
your physical behavior while you are using your interface and thenwrite it down. If you are
brave and don‘t have strict nondisclosure issues, ask the people around you to use it, too. I
wouldn‘t bother with timing interactions or sessions, but try to keep an eye on a clock to
determine how lorg the average sesson is.
4.6 Mobile 2.0
The Web as a platform for the mobile context, this means —write once, deploy
everywhere,| moving away from the costly native applications deployed over multiple
frameworks and neworks.
Harnessing collective intelligence this isn‘t something the mobile community has done
much of but projets like WURFL—an open souce repostory of device profiles providel by
the @mmunity—is exactly wha mobile neads nore of.
Data isthe next Intel inside Mobile takes this principle severa stepsfurther. It can include
the dda we seek, the dita we create, and the déa about or aoundour physical locations.
End of the software release cycle Long development and testirg cycles heavily weigh on
mobile projedts, decreasing all hopes of profitability. Shorte agil e cycles are needed to make
mobie development work as a bushess. Releasing for onedevice, iterating, improving, and
then eleasing for anothe is agreat way to ensue profitability in mobile.
Lightweight programming models Because mobie technology is practically built on
entemprise Java, the notion of usingli ghtweight modds is oftenviewed with someskepticism.
But deceasing the pogramming overhead required means nore innovation ocurs faste.
Softwar e above the level of a single device This effectively means that software isn‘t just
about compuers anymore. We need to approah new softwae as though the user will
demandit work in multiple contexs, from mobie phones to porteble gaming consolesand e-
book eaders.
Rich user experiences a great and rich userexperience helps people spendesstimewith the
software and more time living their lives. Mobile design is about enabling uses to live their
lives better
4.6.1 The Convergence of the Web and Mobile

It is obviousthat in the minds of mary, Mobile 2.0 is the Web. At this point, the
mobile web has always been viewed as a second-classcitizen within the mobile ecosystem,
for mary reasons,as disaussedater. Mobile is already a medium,but the consesusis thatby

leveraging the powe of the Web, integating web savices into the mobile mediumis the
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future of mobie development. When the iPhore explodedonto the sceneg it increased the
usageof the mobile web by its usesto levds never seen before. The spurof new mobile web
appscreated just for the iPhonedoubledthe numberof mobie websites avail able in unde a
year. If Web 2.0 taught us thatthe Web is the platform, thenMobile 2.0 tells us that mobie
will bethe prmary context in which weleverage the Web in the future
4.6.2 The Mobile Web Browser

If the future of mobile is the Web, thenit only makes sense that the mobie web
browse is the next killer app of mobile. Again, this is something we sawv confirmed with
WebKit in the iPhoneand later in Android. However, of particular concern is how device
fragmentdion factors into mobile browse's. For example, how can we expect developers to
supportmorethan 30 different mobie browses?A fellow pandist from the Mozilla Minimo
project offered a potential soluion in consoldation—that we will see only a few mobie
browses in the future; spedfically, browsers built on Mozilla, Opea, Interne Explorer, and
WebKit technologes. At thetime, | thoudht that prediction was too focusedon smat phones,
but in the years since, the line beween smat phoneand feature phoneseams to be going
away, sothis predictionis fairly accurate. But the singe biggest chdlenge in mobile remains
device fragmentadion. The mobie browse enables usto pendrate the problemby not having
our contentlocked so spedfically to the device abilities, saeen size, and form factor, but
device fragmentdion still causesold, outdatel browses to remain in the maiket long after
they shout be put out to pasture Wha appears to be solving browse fragmentaion is
actually the iPhone The Mobile Safari browser indudedwith the iPhone provided such an
excellent web experience on a mobie device that it drove useof the mobie web to huge
levds, which means big profits for the opeators. This also means that the mobie web is no
longer a secondclasscitizen. In the postiPhone maiket, all new devices are judged by the
qudity of theirmobile web bravse. Operators krow it and theefore are demandingbetter
4.6.3 JavaScript

If you ae going to providemobie web gpplications,you hare to havea mobie web
browse that supportsAjax, or, asit is technicaly known, XML Http Request. It makes a lot
of those cool interactions in your web browse work via the capability to load content
asynchronousy into your browser view. But it isn’t just Ajax; it is JavaScript, a web
tecdhnology that has largely been ignored with mostmobie web browses. Ajax is great, but
justbeng able to do alittle showhide or change a style after you click or touch it goes along
way toward improving the userexperience. This is probably where mobile web browses fall
behind desktop browse's the most Becausethey both supportXHTML and CSS relatively
well, JavaScript has been a nogo in mobile for years. In order for mobie web appsto rival
native applications, you have to supportsome JavaScript. Modem mobie browses have

mademuchprogressover the lastfew years, but there is still plenty of work to be done For
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example, accessing the device capabilitieslike the phonebook or file system with JavaScript
doesn’t work in a consistent way. These problemsstill need to be solvedin order to truly reap
the banefits of theWeb.
4.6.4 Mobile User Experience

Traditionally, the user experience avail able in the mobie web has been like usinga
website from 1995: mosty text-based, difficult to use, and ugly as sin. This isn’t to say that
the userexperience of mobile applicationshas been muchbetter, but it usedto be thatif you
wanted agood experience, you buik a naive app. Desaiptions within the indudry range from
the honest “the mobile user experience is utterly horrid,” to the sales pitch of “look at these
cool things you can do,” to the optimistic “the mobile user experience is the future!” These
polar attitudes toward the mobile use experience are somewhat ironic, given thatthe mobile
userexperience was largely ignored for closeto a decade. People in mobie treat the user
expeience like a chicken-and-egg scenario: bad input/outputof the userexperience prevents
adoption, but designing a shiny user experience with bdls and whistes will bring themin
droves. Device APIs usually force you to usetheir modelsof userexperience, meaning that
you have to work in the constaints of the API. This is good for creating consstent
experiences for that platform, but these experiences don’t translate to others. For example,
would you take an iPhoneapp design and put it on an Android device? The userexperience
for thesedevices is similar but still remains diff erent. The beauty of the Web, literdly, is that
you can design whateve experience you want, for better or worse You are in control of the
presentation and can establish your own visual metghors. The problem has been that
traditionally complex (which often equates to good) user experiences haven’t been possible
on mobie devices. Modern mobie web browsers, as they come close to their desktop
counteparts, remove this distinction, giving us the same canvas on mobile devices that we
have for the desktop This meansthatcreating mobile experiences just got awholelot easier.
It also neans wecan have a consitent useexperience across muliple madiums.
4.7 MOBILE DESIGN

When building mobie experiences, it is impossble to create a great experience
without three ingredients: contex, information architecture, and visual design. The visual
design of your experience is the direct representation of everything undeneath; it is the first
impresson the userwill have. A great design gives the userhigh expectationsof your site or
application; a poor design leads to lower expectations. Users’ expectations translate to value
and trust. In the mobile space, where content is often “free” (they still need to pay for data
charges), uses often have low expectations dueto the limitationsof the canvas. Confusirg
site strudures and slow downloa speeds reinforce thoseinitia low expectations In the
downloalable application spae, where application design can be much more robust,uses

must purchase applications aimost sight unse@. For example, they may see just a small
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screenshot of your application or game. But if the application doesn’t meet the higher
expectationsof the design, your application downloads will drop like a stone.The design,
that fir st impression, detemines right from the start if the userwill spendfive seconds,five
minutes,or five hourswith your product. This leads us to the mostsignificant chdlenge in
mobile design: creativity. You can’t always be as creative as you want to be Many devices
just can’t support complex designs for every channel; for example, on many lower-end
devices, the mobie web experience may just be a list of links. But every device has the
capability to create a bestin- device experience; it just dgpendson how you takeadvantege of
the gplication medium ad mntex tha you plan to us.
4.7.1 Interpreting Design

Days were spent creating print designs and advertisemants, defining precisely wha
eachdesign would be down to the picas and points. The methodof design is meant for
creating a vision for how to communicae information or ideas in his head, and then
duplicating thaton the printed page. Precise designsmight look better, but they can be brutal
to implement. More flexible designs might not be muchto look at, butthey work for the most
uses, or the lowest comnmon denominaor. But more than that, our backgrounds and our
training can actually ge in the way of creating the best design for the medium.We like to
apply the sane rules to whaeve the problem in front of us might be In mobie design, you
interpret what you know about good design and translateit to this new medium thatis both
technologcally precise and at timesincredibly unforgiving, and you provide the design with
the flexibility to present informationthe way you envision on a numbe of diff erent devices.
In the end, the graphic designer and | scrapped the work, and he providedme his pica perfect
designs aggiant images, which | turned into aseaies of masive image mays.
4.7.2 The Mobile Design Tent-Pole

In Hollywood, executives like to use the term “tent-pole” to describe their movies and
television shows.The tem has dud meanings: oneis bushess, and the other creative. The
bushess god of a tentpole produdion is to supportor prop up the losses from other
produdions. However, to create a tentpole production, the creators involved mustmakean
artistic work thatthey know will appeal to thelargest possble audierce, providing something
for everyone. You probabdly know tentpole movies as “blockbusters”; in television, they are
known as “anchor” shows. Trying to reach the widest possble audierce posesa problem.
Hollywood is learning with great pains that with so mary entertainment options and with
today’s audience being so hard to reach through traditional advertising channds, tentpole
produdions are failing. As the numberof socid niches increases, it becomesdifficult to
sdisfy the spedcfic tastes of each socid group. Wha one group finds hystencally funny,
severa otha groupsmight find offensive. Today, tentpole produdions often come off as

blandand hdf-hearted, failing to app@seanyonre.
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Oneof themostinteresting examples of howthe tde tuned in entetainment is with
the animated films of Disney versusthoseof Pixar. For years, Disney produced tentpole
family fare quite sucesdully. But as compétion increased, notaby from Pixar, Disney films
would spend millions to create stale and dated films, losing audierces and revenue
Meanwhile, Pixar found that their movies could be sucessful by avoiding the traditional
stowytelling formats of animated film, which Disney essentialy defined. Instead, Pixar based
their storiesaround specific emotional themes and was able to connect with audienes of all
ages, in multiple cultures and acrossmultiple niches. In 2006,Disney acquired Pixar, making
its top executives the new leaders of all Disne/ creative projects. Although Disney
technically acquired Pixar, I’ve always looked at it as the otha way around. Disney reali zed
that it needed to be more Pixar and less Disney in order to grow and adapt to today’s
changing audien@s and niches. This is something that Pixar was doing correctly. Back in the
world of mobile design, the defacto straegy is to create tentpole produds. Like theold days
of Disney, the straegy is to sink millionsinto creating tentpole produds, or produds that
support the leyest nunber of devices that noonewill ever use.They are creatively stale they
lack inspration, and they simply exist with no meaningful purpseto the use. They make the
same mistakeDisney made, thinking thatit could simply put somethng on the market that
might not bethe best qudity, but becauseit carried the Disney name, peoplewould buy it. To
have a sucessful mohbile design, you have to think like Pixar. Find that emotiond
connection, that fundamental need that serves mary audierces, mary cultures, and mary
niches and design experiences. Too often, designers simply echo the visud trendsof the day,
mimicking theinspiration of othes—I’m certainly guilty of it. But with mobie design, once
you find that essential thing, that chewy nougat we call “context” thatlives at the center of
your product, thenyou will find ample inspiration of your own to stat creating designs that
translatenot only acrossmultiple devices, butacrossmultiple malia. Sure, thee are countless
examples of poorly designed mobie produds thatare considered a sucess.You only need to
look as far as the nearest mobie app store to find them. This is becauseof the sight unsen
naure of mobie commerce. Traditionally, you couldn’t demo—or in somecases even see—
saeenshos of a game or mobie application before you boudht it. You simply had to
purchaseit and find outif it was any good. Apple’s App Store quickly changed that. You can
clealy see thatthe best-sdling ganesand applicationsfor the iPhoneare the ones with the

best desigs.
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THE ELEMENTSOF MOBILE DESIGN

Good design requires three abilities: the first is a naurd gift for bang able to see
visually how something shoutl look that produes a desired emotion with the target
audien®. The second is the ability to manifest that vision into something for others to see,
use,or participate in. The third knows how to utilize the mediumto achieve your design
gods.

Six elements of mobile design that you need to consider stating with the contex and
layering in visual elements or laying out contentto achievethe design god. Then, you need
to undestand how to use the spedfic tools to create mobile design, and finally, you need to
undestand the speific design considerations of he mobie medium.

4.8.1 Context

I won‘t belabor the point except to say that context is core to the mobile experience.
As the designer, it is your job to make surethat the usercan figure out how to address
contex using your app. Make sureyou doyour homework to ansver thefollowing questions:
* Who are the users? What do you know about them? What type of behavior can you assune
or predict ebout he users?

« Wha is happening? What are the circumstances in which the uses will best absorbthe
contentyou intend to pesent?

« When will they interact? Are they at homeand have large amouns of time? Are they at
work where they have short periods of time? Will they have idle periods of time while
waiting for atrain, for example?

* Where are the uses? Are they in a public space or a private space? Are they inside or
outsde? Is it day or is it night?

« Why will they useyour app? Wha value will they gan from your content or savices in
their present situation?

» How are they using their mobile device? Is it hdd in ther hand orin thar pocket?

*How are they holding it? Open or closed? Portrait or landscape?
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The answes to thesequestions will greatly affect the courseof your design. Treat these
gusstions @& a tecklist o your design from strt to finish.
4.8.2 M essage

Messae is the overal mentd impresson you create explicitly through visud design.
| like to think of it as the holistic or a timesinstinctud reaction someonewill have to your
design. If you takea stepback, and look ata design from adistance, wha is your impresson?
Or convesdy, look at a design for 30 seconds,and thenput it down. What words would you
use to dsaibe theexperience?

Branding shouldn‘t be confused with messaging. Branding is the impression your
compary name and logo gives—essentially, your reputation.Branding seves to reinforce the
messge with authority, not ddiver it. In mobie, the oppotunities for branding are limited,
but the need for messaging is great. With such limited real estate, the users don‘t care about
your brand, but they will care about the messaging, asking themselves questions like, —What
can this do forme? or —Why is this important to me?

Y ahoo!

Yahoo! sort of ddivers a messge This app providesa clean interface, puting a focus on
search and location, using color to separate it from the news content. But I‘m not exactly sure
wha it is sging. Wordsyou might use to deaibe the masaye are crisp, dean, and shap.
ESPN

The ESHN site clearly is misshg a messge. It is heavily text-based, trying to put a lot of
content above the fold, but doesn‘t exactly deliver a message of any kind. If you took out the
ESMN logo, you likely would have indifferent expectations of this site; it could be about
anything, as the design doesn‘t help set expectations for the user in any way. Words you
might use to deaibe themessge bold, duttered, and mwntentheavy.

Disney

Disney createsa messge with its design. It givesyou alot to look at—probebly too much—
butit clearly triesto say thatthe compary is abou characters for a younger audiene. Words
you might use to deaibe the masaye: bold, buy, and disorienting.

Wikipedia

The Wikipedia design clearly establishesa messge. With a prominent search and text-heavy
layout featuring an article, you know what you are getting with this design. Words you might
use to dsaibe the messaye: clean, minimal, and ext-heavy.

Amazon

Amazon sort of createsa message. Although there are somewastedoppotunities abovethe
fold with the odd ad placement, you can see tha it is mogly about produds (which are
improved even more if you scroll down). Words you might useto desaibe the messae:

minimal but mesy, product-heavy, and dirienting
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4.8.3 Look and Fedl

Look and fedl is usedto desaibe appearance, as in | want a clean look and feel or |
want a usablelook and feel. The problemis: as a mobile designer, what does it mean? And
how is ha different than messging?

| think of look and feel in a literal sense, as sonething real and tadile that the uses
can look at, and then feel something they can touch or interact with. Look and feel is usedto
evoke action how the userwill usean interface. Messaing is holistic, as the expectationthe
uses will have about how you will address their contex. It is easy to confusethe two,
because feel can be interpreted to mean our emotional reaction to design and the role of
messagng.

| oftenfind mysdf explainingthe look and fedl with the word because,with a cause
and-effect rationale for design decisions, as in The user will press this button because...I or
The user will go to this screen because... followed by a reason why a button or control is
designed a certain way. Establihing a look and feel usually comesfrom wherever design
inspiration comesfrom. However, your persona inspiration can be a hard thing to justfy.
Therefore we have design paterns, or doaumentel soluionsto design problems,sometmes
referred to as style guides. On large mobile projects or in companes with multiple designers,
a style guide or patern library is crudal, maintaning consstercy in the look and feel and

redudng the ned for each design decision to be jusfied.
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4.8.4 Layout

Layout is an important design element, because it is how the userwill visually
process the page, but the strudurd and visual componentsof layout often g& meiged
together, creating confuson and makingyour design moredifficult to produce. Thefirsttime
layout shoul rear its head is during information architecture. In fact, | prefer to make about

90 percent of my layout decisions during the information architecture period. | ask mysdf
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guestions like: where shoutl the navigation go on the page or saeen? Wha kind,, of
navigation type shoutl | use?Should | use tabsor a list? Wha about a sideba for larger
saeens? All of theseshoutl be answered when ddfining the information architecture and
before you begin to design. Design is just too subjedive of an issue If you are creating a
design for anyone butyoursdf, chances are good ha there will bemultiple looséy-based-on-
expeience opinions ha will beoffered and dévated.

Where the design opinions of the CEO or Chief Marketing Officer (CMO) might
influence a design direction more than, say, the Creative Director or Design Director. By
defining design elements like layout prior to actually applying the look and feel, you can
separate the disausson. As a sdf-taught designea, | stated out in this bushess making
designs for my own projects. I could just put pen to paper and tweak it to my heart‘s content.
If I wanted to radically change the layout, | could. When | started my mobile design career
with my first mobile company more than a decade ago, I realized that this approach didn‘t
work. The majoiity of comments that reviewers would make were abou the layout. They
focusedon the headers, the navigation, the footer, or how contentblocksare laid out, and so
on. But their feedback got muddied with the look and feel, the colors and other design
elements.

Reviewers do make remarks like | like the navigation list, but can you make it look
more raised? Most designers don‘t hear that; they hear the navigation isn‘t right, do it again.
But, with this kind of feedback, there are two important pieces of information about diff erent
types of design. First, there is confirmationthatthe navigationand layout are correct. Second,
there is a question aboutthe look and feel. Because designers hear Do it agan, they typically
redo the lgout, even thoud it was actually fine.

Creating mobie designs in an environmen with multiple reviewers is al about
getting the right feedback at the right time. Your job is to create a manifestatian of a shared
vision. Layout is one of the elements you can present early on and disaussindepadently.
People confusethe quality and fidelity of your deliverables as design. By keeping it basic,
you don‘t risk having reviewers confuseprofessiondism with design. The irony is thatas |
become more adept at defining layouts, | make them of increasingly lower fidelity. For
example, when | show my mobie design layouts as wireframes during the information
architecture phase | intentiondly present them on bluepint paper, using handwriting fonts
for my annotations It aso hdps to say thatthis is not a design; it is a layout, so pleassegive
me feedback on the lgout.

4.8.5 Color
The fifth design element, color, is hard to talk about in a bladk-and-white book.

Maybe it is fitting, because it wasn‘t that long ago that mobile screens were available only

M.LET,/CSE/IV/HCI




CS56008-Human Computer Interaction

inblack and white well, technicdly, it was bladk on a green saeen). These days, weSW&)R API
nearly the entire spe¢rum of wlors to choosérom for mobie designs.

The mostcommon obskecle you encounterwhen dedling with color is mobile saeens,
which comein a numberof different color or bit depths, meaning the number of bits (binary
digits) usedto represent the color of a single pixel in a bitmapp& image When complex
designs are displayed on different mobie devices, the limited color depth on onedevice can
cause landing, or unwanted poserization in heimage

For an example of posteiization, the technicd temm for when the gradation of toneis
replaced with regions of fewer tones,see in Figure 8-10 how dramaticdly the color depth

can dfect the qudity of a photo or gadient, poduwcing bandingin sewera parts in the image

13 Wit mmbnr 10 bt morbnr 24 it vl

Color palettes

Defining color pdettescan be useful for maintainng a consstentuseof color in your
mobie design. Color paettes typicaly consst of a predefined number of colors to use
throughout the design. Selecting wha colors to usevaries from designer to designer, each
having different techniques and strategies for deciding on the colors. I‘ve found that I use
three basic ways to dfine a color palette:
Sequential

In this case, there are primaly, seconday, and tertiary colors. Oftenthe primary color
is resaved as the —brand color or the color that most closely resembles the brand‘s using a

color whed.

MAEW/ENKXAHED FROM STUCOR APP



DOWNLOADED FROM STUCOR APP CS6008-Human Computer Interaction

STUCOR APH

Color Represents

White  Light, reverence, purity, truth, snow, peace, innocence, cleanlness, simplicty, security, humility, sterdity, winter,
coldness, surrendes, feasfubness, lack of imagination, air, death (in Eastern cultures), e, marriage (in Western
Cultures), hope, bland

Black Absence, modernaty, power, sophistication, formality, elegance, wealth, mystery, style, evil, death (in Western
cultures), fear, seriousness, conventionality, rebellion, anarchism, unity, sormow, professionalism

Gray Elegance, humility, respect, reverence, stability, subtiety, wisdom, old age, pessimism, boredom, decay, deaepitude,
duliness, pollution, urban sprawl, strong emotions, bakence, neutrality, mourning, formality

Yellow  Sunlight, joy, happiness, earth, optimism, intelligence, idealism, wealth {gold), summer, hope, air, liberalism, cow-
ardice, Mness (quaranting), fear, hazards, dishonesty, avarice, weakness, greed, decay of aging, femininity, gladness,
soclabality, friendship

Green  Intelligence, nature, spring, fertility, youth, environment, weaith, money (U.S.), good luck, vigor, geperosity, go,
qgrass, agaression, cokdness, jealousy, disgrace (China), iliness, greed, drug culture, corruption (North Africa), life
eternal, air, earth (cdassical element), sincerity, renewal, natural 3bundance, growth

Blue Seas, men, productiveness, interiors, skies, peace, unity, harmony, tranquility, calmness, trust, coolness, confidence,
conservatism, water, ice, loyaity, dependability, deanliness, technology, winter, depression, coldness, idealism, air,
wisdom, royalty, nobility, Earth (planet), strength, steadfastness, fight, friendliness, peace, truthfulness, love, fibes-
alism (U.S. politics), and conservatism (UK, Canadian, and European politics)

Violet  Nobility, envy, sensuality, spirituality, creativity, wealth, royalty, ceremony, mystery, wisdom, enlightenment, as-
rogance, lamboyance, gaudiness, mourning, exaggeration, profanity, bisexuality, confusion, pride

Color  Represents
Red Passion, strength, energy, fire, sex, Jove, romance, excitement, speed, heal, arrogance, ambition, leadership, mas-

culinity, power, danger, gaudiness, blood, war, anger, revolution, radicalism, aggression, respect, martyrs, conser-
vatism (U.S. politics), Liberaltsm (Canadian politics), wealth (China), and marriage (India)

Orange  Energy, enthusiasm, balance, happiness, heat, fire, flamboyance, playfulness, aggression, arrogance, gaudiness, oves-
emotion, warning, danger, autumn, desire

Pink Spring, gratitude, appeeciation, admiration, sympathy, socialism, femininity, health, love, romance, marriage, joy,
flirtatiousness, innocence and child-like qualities

Brown  Calm, boldness, depth, nature, richness, rustic things, stability, tradition, anachronism, boorishness, dirt, dubiness,
heaviness, poverty, roughness, earth

Adaptive

An adgptive pdette is onein which you leverage the mostcommon colors presentin a
supportinggraphic or image When creating a design that is meant to look naive on the
device, | use an adgptive pdette to make suretha my colors are consstent with the target
mobile plaform.
Inspired

This is a dsign thet is created from thegreat pieces of design you might see onling as
shownin Figure bdow, or offline, in which a picture of the design might inspire you. This
could be anything from an old postr in an alley, a bushesscard, or somepackaging. When |
sit downwith a new design, | thumb through sone of materials to create an inspired pdette.
Like with the adaptive palette, you actually extract the colors from the saurce image, though
you shoudl never ever use the souce mateial in adesign.
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49MOBILE DESIGN TOOLS

Mobile design requires undestanding the design elements and specific tools. The
closestthing to a common design tool is Adobe Photoshop, thoudh each framework has a
different methodof implementing the design into the application. Some frameworks provide
a complete interface toalkit, allowing designers or developers to simply piece together the

interface, while othes leave it to the designer to define from <ratch.

Mobile framework  Design tool Interface toolkits

Java ME Photoshop, NetBeans JavaFX, Capuchin

BREW Photoshop, Flash BREW Ul Toolkit, uiOne, Flash

Flash Lite Flash Flash Lite

iPhone Photoshop, Interface Builder iPhone SDK

Mobile framework  Design tool Interface toolkits

Android Photoshop, XML-based themes Android SDK

Palm web0S Photoshop, HTML, (55, and JavaSaipt  ‘Mojo SDK

Mobile web Photoshop, HTML, (55, and JavaSaipt ~ 'W3C Mobile Web Best Practices

Mobile widgets Photoshop, HTML, (55, and JavaSaipt ~ Opera Widget SDK, Nokia Web Runtime

Mobile web-apps Photoshop, HTML, CSS, and JavaSaript  iUl, jQTouch, W3C Mobile Web App Best Practices
Designing for the Right Device

The truly skilled designer doesn‘t create just one product—shetranslates ideas into
expeiences. The spirit of your design shoutl be able to be adgptedto multiple devices. What
device suits this design best? Wha market nichewould appreciate it mos® What devices are
the mostpopularwithin that niche? The days of tent-polesare gone Focusinstead on getting
your best possble experience to the maiket that will appreciate it most It might not be the
largest or best long-term maiket, but wha you will learn from the best possble scenario will
tell you volumes about your mobile product‘s potential for success or failure.

This knowledge will hdp you develop your porting and/or adaptation straegy, the
mostexpensive and riskiestpat of the mobie equaion. iPhoneuses consumemore mobile
content and products than the average mobile user This platform has an easy-to-lean
framework and excellent doaumentaion, for both web and naive produds, and an excell ent
display and peformarce means. Although iPhoneuses might not be the majoiity of your
market, the ability to create the best possble design and get it in front of thoseuses presents
the least expensive poduct to praduce with the lowest risk

With a sucessful singe device laund, you can stat to adapt designs from the best

possble experience to the second best possble experience, thenthe third, and fourth, and so
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on. Thebest possble experience is how it shoutl be, soit saves as a reference point for. how.
we will adgpt the experience to suit moredevices.
Designing for Different Screen Sizes

Mobile devices comein al shaps and sizes. Choice s great for consuners, but bad
for design. It can beincredibly difficult to create that best possble experience for a plethoia
of different saeen sizes. For example, your typical feature phonemight only be 140 pixels
wide, wheeas your hgher-end snartphonemight be thee to four times wide.

Landscape or portrait? Fixed width or fluid? Do you use one column or two? These
are comnon questions that come up when thinking about your design on multiple saeen
sizes. Thebad news is thatthere is no simple answer. How you design each saeen of content
depends on the swope of devices you look to support, your content, and what type of
expeience you are looking to provide. The good news is that the vast majoiity of mobie
device saeens shae thesame vaetical or poitrait orienteion, ezen thowgh they vary greatly in

dimension

UNIT V WEB INTERFACE DESIGN
Designing Web Interfaces — Drag & Drop, Direct Selection, Contexual Tools,

Overlays, Inlays and Virtud Pages, RocessFlow. Case Studies.
User Interface Design Basics
Use Interface (Ul) Design focuses on anticipatingwha uses might need to do and ensuring
thatthe interface has elementsthat are easy to access,undestand, and useto facil itate those
actions. Ul brings together conoepts from interaction design, visual design, and information
architecture.
Choosing I nterface Elements
Uses have become familiar with interface elements acting in a certain way, so try to be
consestent and predictade in your choices and ther layout. Doing so will hdp with task
completion, dficiency, and saisfaction.
I nterface elementsinclude but arenot limited to:
Input Controls: buttons, text fields, checkboxes, radio buttons, dropdown lists list boxes,
togdes, dae field Navigationd Componentsbreadcrumb, slider, search field, pagination,
slider, tags, icons Informational Components:tooltips, icons, progress bar, notifications,
messge boxes, mald windows Containes: acordion

There are timeswhen multiple elements might be approgriate for displaying content.
When this happens, it‘s important to consider the trade-offs. For example, sometmes
eementsthatcan hdp save you space, put moreof a burden on the usermentdly by forcing
them to giess what is within the dropdown orwha the dement might be.

Best Practicesfor Designing an Interface
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Eveything stemsfrom knowing your uses, including understanding their goals, skills,
preferences, and tendacies Onaee you know about your usetr make sure to consder the
following when designing your intaface:
Keep the interface simple. The best interfaces are aimost invisible to the user They avoid
unnecessay elements and are clear in the language they use on labds and in messging.
Create conssteny and usecomnon Ul elemens. By using common elementsin your Ul,
uses feel more comfortable and are able to get things done morequickly. It is also important
to create paterns in language, layout and design throughout the site to hdp facilitate
efficiency. Once a use learns how to do something, they shout be able to transfe that skill
to other pats ofthe sie.
Be purpcseful in page layout. Consde the spatid relationships between items on the page
and structure the page based on importance. Careful placement of items can hdp draw
attention to the mostimportant pieaes of information and can aid scanning and readability.
Strategcally usecolor and texture. You can direct attention toward or redirect attention away
from items using color, light, contrast, and texture to your advantage. Use typography to
create hierarchy and clarity. Carefully consder how you usetypeface. Different sizes, fonts,
and arrangementof the text to hdp increase s ability, legibility and readability. Make sure
that the system communicates what‘s happening. Always inform your users of location,
actions, changes in stat, or errors. The use of various Ul elementsto communicae status
and, if necessay, next steps can reduce frustration for your use. Think about the defaults. By
carefully thinking about and anticipating the gods people bring to your site, you can create
defaults that reduce the burden on the user This becomesparticularly important when it
comesto form design where you might have an oppotunity to have somefields pre-chosen
or filled out.
5.1 DRAG AND DROP
5.1.1 Interesting M oments
At fir st blush, drg and dop sems smple. dust gab an object anddropit somewhere. But, as
always, thedevil is in the details. There are a numberof individual states at which interaction
is posible. We call thesemicrostdes ineresting moments:

» How will uses know what is drgygable?

* What does itmean to dray and dop an object?

* Where can you dop an dbjed, and wereis it not valid b drgp an objed?

« Wha visual df ordance will beusedto indicae draggability?

«ill valid and invéid drqp tages be sinified?

» Do you dag theactual dbjed?

» Or doyou diag justaghost of the objet?

* Oris it a thumbnail rpresentation ha gets diagged?
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* What visual edback should be usé duiing the dag and diop interaction?
Wha makes it chdlenging is thatthere are a lot of events during drag and drop that can be
usedas opportunies for feedback to the user Additionally, there are a numberof dements
on the pge that @n paticipateas actors in this feedback loop.
The Events. There are at least 15events awail able for cueing the ugr duiing adrag and dop
interaction:
Page Load: Before any interaction occurs, you can pre-signify the avail ability of drag and
drop. For example, you could display atip on thepageto indicae diaggability.
Mouse Hover: The mous pointer howers ower an objed tha is draggable.
Mouse Down: The userholdsdown themou button on the daggeble obgct.
Drag Initiated: After themous drag stats (isudly sone threshold—3 pixels).
Drag Leaves Original Location: Afterthe dreg objed is puled from its locdion orobjed
that ontains .
Drag Re-Enters Original Location: When the objet re-enters the eiginal location.
Drag EntersValid Target: Dragging over avdid droptarmet.
Drag ExitsValid Target: Dragging back out of avaid drqg tamget.
Drag Enters Specific Invalid Target: Dragging over an invalid drop tage.
Drag I's Over No Specific Target: Dragging over ndther avalid or invalid target. Do you
treat all areas ouside ofvaid tages as invalid?
Drag Hovers Over Valid Target : User pausesover the valid target without droppingthe
objed. Thisis usually when a spring loaded drop target can open up. For example, drag over
afolderand pause, theolder opens revealing anew areato dra into.
Drag Hovers Over Invalid Target: Use pausesover an invalid target without droppingthe
objed. Doyou are? Will you want additional feedback as to wty it is nd a vdid taiget?
Drop Accepted : Drop accurs ove avdid target and diop ha besn accepted.
Drop Reected: Drop occurs over an invalid target and drop has been rejected. Do you zoom
back the dopped objed?
Drop on Parent Container: Istheplace where the objed was dragged from spedal? Usudly
this isnot the case but it may carry spetal meaning in sane @ntexs.
The Actors : During each event you can visually manipulate a numberof actors. The page
elements avd able include:

* Page (e.g., static maesaging on the age)

* Cursor

* Tool Tip

* Drag Object (or sone partion of thedrag object, eg., title area of a moduk)

* Drag Object‘s Parent Container
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* Drop Tage
Interesting Moments Grd

That‘s 15 events times 6 actors. That means there are 90 possible interesting moment
sarch requiring a decision involving an amost uri mited numbe of style and timing choices.

You can pull all this together into a simple interesting moment’s grid for Drag and Drop.

Page Mouse Drag Dragover Dragover Dragover Drop Drop Dropon
Generation Hover |nitiated  Vaid vakd Orignal Accepted  Rejected  Original
Page Hing d N N N/A N \ N
Content

Drag Object

Orig
Location

Drop Target

5.1.3 Drag and Drop Module

Oneof themostusetll purposesof drag and drop is to al ow the userto directly place
objeds where she wantsthemon the page. A typical patern is Drag and Drop Modules on a
page Nevibes provides a good example of this interaction pdtern
Considerations
Netvibes allows its modulesto be rearranged with drag and drop. A number of interesting
moments decide the specific interaction style for this site. Figure shaws the interesting
moment’s grid for Netvibes. While dragging, it is important to make it clear what will hgppen
when the userdrops the dragged object. There are two common approaches to targeting a
drop:
* Placeholdertarget
* Insertion target
Placeholder target
Netvibes uses a placeholder (hole with dashel outline) as the drop targe. The idea
(illustrated in Figure) is to aways postion a hole in the spotwhere the drop would occur.

When module 1 starts dragging, it gets —rippedl out of the spot. In its place is the
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placsholder target (dashed outline). As 1 gets dragged to the spot between 3 and Aﬁ’ﬂh@(m API
placeholdertarget jumpsto fill in this pat as 4 movs outof theway.

Dragvurn Vode conns | Module Aty e hoe Crogeee ano heie

13\13 23 2 3
g 15
2| 4 2 4 :

4 4

The hole saves as a placeholderand always marks the spotthat the dragged moduke
will landwhen dropped. It aso previews what the page will look like (in relation to the other
moduks) if thedrop occurs there. For moduke drag and drop, the othermodulesonly slideup
or down wthin a vetical column b makeroom fa thedragged modué.

Onecomplaint with using placeholde targes is thatthe page contentjumps arounda

lot during the drag. This makes the interaction noisier and can makeit harder to undestand
wha is actually happening. This issue is compownded when modukes look similar. The user
stats dragging the modules around and quickly gets confused about what just got moved.
Oneway to resolvethis is to provide a quick animateal transition as the modules move.lt is
important, however, that any animated transitons not get in the way of the normd
interaction.
Boundary-based placement. Since mostsites thatuseplaceholde targeting drag the module
in its original size, targeting is determined by the boundaies of the dragged object and the
boundaies of the dragged-over object. The mouse postion is usually ignored because
moduks are only draggable in thetitle (a smallregion). Both Netvibes and iGoode take the
bounday-based approah. But, interestingy, they calculatethe postion of their placcholdes
differently. In Netvibes, the placeholder changes position only after the dragged module‘s
title bar has movedbeyond the dragged-over module‘s title bar. In practice, this means if you
are moving asmallmodue to be postioned abovea large moduk, you have to moveit to the
very top of the large module. In Figure you have to drag the small —To Do List module all
the way to the top of the —Blog Directory module before the placeholder changes position.
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Insertion tar get
Placeholder postioning is a common approah, but it is not the only way to indicate drop
targeting. An aternae approah is to keep the page as stable as possble and only move
aroundan insetion target (usudly an insetion bar). A previous versionof My Yahoo! Used
the insetion ba approach as the dagged moduk was mowed aound
Drag distance
Dragging the thumbndl around does have other issues. Since the objed beng dragged is
small it does notintersect alarge area. It requires moving the smallthumbnal directly to the
place it will be droppal. With iGoode, the complete moduk is dragged. Since the module
will always be larger than thethunbnal, it intersects a drop target with much lessmovemaent.
Theresultis a shater drag distance to acomplish a move
Dragrendering
How shoull the dragged objed be represented? Should it be rendaed with a slight
transpaency (ghos)? Or shout it be shownfully opague? Shoud athumbnail representation
be usedinstead?
5.1.4 Dragand Drop List
The Drag and Drop List patern ddines interactions forrearranging items in a list. 37 Signal‘s
Backpackit dlows tedoitems b berearranged with Drag and Drop List Consider ations
Backpackit takes a real-time approah to dragging items. Sincethelistis constained, thisis a
naurd approach to moving objeds around in a list. You immedidely see the result of the
drag.
Placeholder target

This is essentialy the sane placcholder target approach we discussd earlier for
dragging and dropping modules.The diff erence is thatwhen moving an item in alist, we are
congrained to a single dimension. Less feedback is needed. Instead of a —ripped-outl area
(represented earlier with a dotted rectangle), a simple hole can be exposedwhere the object
will be placed when drgpped.
Insertion target

Drag and Drop Modules, placeholder targeting is not the only gamein town. You can
also usean insetion ba within alist to indicate where a dropped item will land. Netflix uses
an insertion target when movies are dragged to a new location in a user‘s movie queue
The upside to this approach is that the list doesn‘t have to shuffle around during drag. The
resulting experience is smoother thanthe Backpack it approach. The dowrsideis thatit is not
as obviouswhere the movie is beng postionead. Theinsetion bar appears unde the ghoged
item. The addition of the brackets on the left and right of the insetion bar is an attempt to
makethe tageting clearer.

Non-drag and drop alternative
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Besidesdrag and drop, the Netflix queue actually suppats two other ways to move objects
around
Edit the row number and then press the —Update DVD Queue button.
Click the —Move to Topl icon to pop a movie to the top.
Modifying the row number is straightforward. It‘s a way to rearrange items without drag and
drop. The —Move to Top button is a little more direct and fairly straghtforward (if the user
really understands that this icon means —move to top). Drag and drop is the least
discoveable of the three, but it is the mostdirect, visual way to rearrange the list. Since
rearranging the queue is central to the Netflix customer‘s satisfaction, it is appropriate to
allow multiple ways to @ so.
Hinting at drag and drop

When the user clicks the —Move to Top button, Netflix animates the movie as it
movesup. But first, the movie is jerked downwerd slightly and thenspring-loaded to the top
The combinaion of the downward jerk and thenthe quick animation to the top givesa subte
clue that the objed is draggable. This is also an interesting moment to advertise drag and
drop. After the moveto top completes a simple tip could appear to invite uses to drag and
drop. Thetip shoutl probably be shownonly once, or there shoutl be a way to turn it off.
Providing an invitation within a familiar idiom is a good way to lead uses to the ne idiom.
Drag and Drop Object

Anothe common usefor drag and drop is to change relationships between objeds.
This is appropiate when the relationshps can be represented visually. Drag and drop as a
means of visually manpulating relationshps is a poweaful tool.Cogmap is a wiki for
organizationd chats. Drag and Drop Obiject is ued to rearrange
Considerations

When objed relationships can be clealy represented visually, drag and drop is a
naurd choice to make these type of changes. Cogmap uses the target insetion approach.
This alows the dragging to be nondidracting, sincethe chart does not have to be disturbed
duringtargeting.
5.1.6 Drag and Drop Action

Drag and drop is aso usdul for invoking an action or actionson a dropped objed.
The Drag and Drop Action is a common pattern. Its mostfamiliar example is dropping an
item in the tesh b peform the ddete action.

Normally uploadirg files to aweb application includes pressing the uploadbution and
browsingfor aphoto. Tls proess b rgpeated for each photo.
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An organizaticnal chart wisually represents
refationships.

T Invitation to drag

When the mouse member of the

or n, th

el Dragging
An insertion bar is used to indicateé where the
member will be inserted when dropped.
£3 -
Dropped

trvns When the dragged member is dropped, the chart

== Is rearranged to accommadate the new location

Considerations

This is not a trivia implementaion. But it does clearly illustrate the benefit of drag
and drop for opeaating on a sd of files. The traditional model requires each phototo be
sdected individudly for upload. Dag and dropfrees you touse vhateve browsing method s
avail able onyour s/stemand then dop tho® phobs forupload.
Anti-pattern: Artificial Visual Construct

Unfortunatey, drag and drop can sometmesdrive the design of an interface instead
of bang an extension ofa naural intefface. These interactionsare dmost dways doomedas
they are thetail wagging the proverbial dog. Rating movies, books,and musicis a common
feature found on mary sites. But wha happens if you try to use drag and drop to rate
movies?
5.1.7 Drag and Drop Collection

A variation on dragging objeds is collecting objects for purchase, bookmaking, or
saving into a tempoary area. This type of interaction is called Drag and Drop Collection.
Drag and drop is a niceway to grab itemsof interest and save themto alist. Drag and dropis
anaurd way collect itemsfor purdhase It mimics the shopping experience in therea world.
Grab an item. Drop it in your basket. This is fast and convenient once you know about the
feature. However, as agenera rule, you shoull never rely sokly.
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The Challenges of Drag and Drop
As you can see from the discusson in this chapter, Drag and Drop is complex. There are four
broad areas where Drag and Drop may be employed: Drag and Drop Module, Drag and Drop
List, Drag and Drop Object, and Drag and Drop Action. And in each area, there are a large
numberof interesting moments that may be handled in numepusways. Being consstentin
visual and interaction styles acrossall of thesemomens for all of these types of interactions
is a chalenge in itsdf. And keeping the use informed throughout the process with just the
right amount of hirg requires desgn finesse.
52DIRECT SELECTION

e Toggle Selection: Checkbox or controlbased séection.

e Collected Selection: Selection that spas multiple pages.

e Object Selection: Direct objed seletion.

e Hybrid Selection: Comhnation of Togde Sekction and Object Selection

Toggle Selection
The mostcommon form of seletion on the Vb is Togde Selection. Checkboxes and
togde buttonsare the familiar interface for sekcting dements onmostweb pages.

Inbox Upgarade to the all-new Yahoo! Mall
View All Mes: v MESSE0es 1-2 OF 2 First | Préwidus | Rext | Lag
Delete J “pam ' Mark vJ Move.., v |
. From & Subject Date <) Size
QF Yahoo! Automalically tmansier your omail Sun, 7/27/08 11%8
Yahoo! Welcome 1o Yahoo! Thu, 772408 7250
Sk Al - Slear Al Messegrs 1-2of 2 First | Previows | Neat | Last
peiete || Spam | Mark ~] Move... v |

The way to select an individual mail message is through the row‘s checkbox. Clicking on the
row itsdf does notsdlect the mesage. We call this patten of slection Taggle Sekction shece
togde-style controls are typicdly usedfor sdecting items. Once items have been check-
sdeced, actions can be peformed on them. Usually theseactions are peformed on the
sdection by clicking on a separate button (e.g., the Delete button). Gmal is a good example
of actions n concert with Togde Seletion.
Togde Seletion with checkboxes has somaiceattributes:
e Clear targeting, with no anbiguity about how to elect theitem or desdect it.
e Straightforward disontinuous seletion, and no reed to know &out Shift or
Control key ways to exend aselestion. st click the deckboxes in ary order,
either in acontinuous orisconthuous nanne.

e Clea indicdion ofwha has be@ sekcted.

Unselected state

aCh mall message has 2 checkbox that contn

The G ey Yore whether it is selectad or not

T Compary Siare

Company Kioe
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STUCOR APH

Scrolling versus paging

The previous examples were with paged lists But wha abouta saolled list?
Yahoo! Mail usesa scrolled list to show al of its mail messges (Figure). While not all
messges are visible at a time, the user knows that saolling through the list retains the
currently sdected items. Since the userundestands thatall the messges not visible are still
on the same continuouspane, there is no confusion aboutwha an action will opeate on—it
will affect al sdected itemsin thelist. Sometines the need for clarity of selection will drive
the doicebetween scrolling and paging.

.‘\m travel & oessages x
I ODeiete <p Resly > g Fomand [ Soam  [TMovev L Pt MueAcions v View v
© From Subpct Daw - See o ¢

8B IF  he Trowelocty Tesm ey C T, 7/1/08 5:05 M
8 /I8 The Trmelocity Team Weud, (/25008 10:12 AM

A4 massages selected

DOWNLOXfHD FROM STUCOR APP
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Making selection explicit

With Yahoo! Bookmaks you an mange your nokmaiks by selecting
bookmaked pages andthen acting on them. Thedection model isvisually explicit.

5.2.2 Collected Selection

Togde Selection is great for showinga list of items on a singe page But wha hgppens if
you want to collect sdected items acrossmultiple pages? Coll ected Selection is a patern for
keeping track of sdection as it spans multiple pages. In Gmall, you can seled items as you
move from page to page The sdections are remembeed for each page If you sdect two
items on page ong then moveto page two and seled three items, there are only three items
sdected. This is becauseactionsonly opeate on a singe page. This makes sense,as uses do
not namaly expect seleted items® beremembered across diferent pages.

Considerations

Gmal does provideaway to selet all items aross diff erent pages. When slecting dl items
on a individual page (with the —Alll link), a prompt appears inviting the user to —Select all
2785 conversations in Spaml. Clicking that will select all items across all pages (Figure). The

—Delete Foreverl action will operate on all 2785 conversations, not just the 25 selected on

the pae.

Ontere Forever M-Sow L )
Select Al Nore, Raad, Uinvesd, Stamed. Unatamws

Moy Arsery

Al 26 COMVOrSAONS On Tt Do e solected Sowct Al 2784 Convenabions i Goo
¥ Bs » ARNAESE ASENE. aROE Il!!'(l “'C. L L2t B 102 pm
L& SEREVGeLnELE s SESDRPCER | ) 8 s 1155am |

108 of T84 Ohder s Mol »

Ontene Forever Mory ACuors v fapfrenn
Select Al Nore, Road Urvead Stared. Usstarsd

Al ITES corvensstiors i Spem ere selected Clear sefec!

¥ EBENIRWVTENHEARN! SERENT AXEARAR2Y

¥ uR

Keeping the selection visible

The real chdlenge for multi-page sdection is finding a way to show sdections
gathered across multiple pages. You need a way to collect and show the sdection as it is
being created. Here is one way that Collected Selection comesinto play. Linkedin uses

Collected Seletion to adl potential ontads © an invite list

« MARAFSE ACuNE. AROR Iﬂ!!& aner Im

128 2788 Ouder » Ohdosd »

126 pm
1.02 pm

|
3 8 @

DOWKSEAXAHED FROM STUCOR APP
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Thelist of potentialinvitees is shownin a paginated list on thelefthandside. Clicking
the checkbox addsthemto the invite list. The invite list becomesthe place where sdected
contads acoss muliple pajes ae remembeed.

Collected Selection and actions

In the menusystemit was hard to discen whether the usermeant to operate on the
sdection (photoson the page could be selected throudh an Object Selection model)or on the
collected items in the tray. To resolve this ambiguity, the drop-down menus containeal two
identicd ses of commands. The first group of commands in the menu opeated on the
collected items in the tray. The second se of commands opeaated on the sdected objeds.
Needlessto say, this was confusirg sinceit required the user to be fully aware of thesetwo
sdection models whe initiating a command.

Oneway to removethis ambiguity would have been to have a single set of commands
thatopaatedon either the tray or the photos—depending on which had the focus. This would
require a way to select the tray and a way to desded it (by clicking outside the tray). A
possble approah would be to slightly dim the photo gallery when the tray is sdeced
(causing it to clearly have the bcus),and do the pposte when the tay is not the focus.

Object Selection
Object Seledtion, is when sdection is mace directly on objeds within the interface.

Sometimes using a checkbox does not fit in with the style of interaction desired. Laszlo‘s
WebTop mail allows the usdo séect messayes by clicking anywhere in the row

) creckmai | [ wew | (D) reoty | %) Repwr A Selected state

e Subiee
= goWeblop Team  goWeblop system sialus: @

(2 gowcomp Team  Upoite am Laszio Mal Tang  GEIS SE ected.

EI =) ; s
N Ve When the user clicks on a message, the whole row

B  gowebtp Team ' (mportant Netice Rejarding
LasIio Team Tellus what you thirk!

Oave Temkin The pla¥orm ustd 10 baia U

=

@ Antony Campitem Chasge your setbags
(&  anwny Campite AIEGMAIE ACLTCSS 300%
&

Anteny Carpitel  Responsive as ceskiop soft

Considerations

Desktop applicationsterd to use Object Selection. It is aso naurd that web-based
mail applicationsthatmimic desktopinteractionsemploy this sane style of sdection. Instea
of showinga control (lik e a checkbox), the object itsdf can be sdected and acted on directly.
Object Selection can be extendel by holding down the Shift key while clicking on a diff erent
item. The Command key (Macintosh)or Control key (Windows)can be usel to individually

add itemsin a discontnuousmanne. The downste to this approach is that it is not obvious
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to use the modifier keys for extending the selection. Toggle Selection‘s use of toggle buttons
makes the skection extension nodd completéy obvious

Desktop-style selection

For now Object Selection is not as common on the Web. Given that maost sites have been
contenteriented, there have been few objects to select. Also, with the Web‘s simple event
model, Object Selection was not easy to implement. In typical web pages, keyboard events
have rarely mack sensesince they are dso shared with the browse.

Object Selection interactions include ways to use the mous to drag-sdect objeds. Yahoo!
Photos introduced this same type of objed sdection to its phao gallery (Figure beow).
Individudly clicking on a photosdeds it. Using the Shift key and clicking also extendsthe
sdection. In addition, usingthe Control key and clicking discontnuousy selects photos And
like mostdesktop applications, you can drag a sdection box arounda group of itemsto add
them to he selected sé (in this cae photos.

=Y
Hybrid Selection Vs

Mixing Togge Selection and Object Selection in the same interface can lead to a confusing

interface. Referring back to Yahoo! Bookmarks, you‘ll see an odd situation arise during drag

and diop

F =,
s SolEE @

Figure: In Yahod Bookmalks, one item is sdected, but two items can be dragged by
dragging on the ungected item.
Considerations
There are afew important issues to awsiderwhen using Hybrid Selection.
Confusing two models
One bookmak eement is sdeced (notice the checkbox Togde Selection). The second
bookmark element (—Dr. Dobb°‘s) is unselected (the checkbox is clear). In the right panel of
clicking and dragging on the unseletedbookmak element initiatesa drag. Thedrag includes
both the sdected element and the unseleted element. Since only one is shownas selected,
this creates aconfusirg studion.
This ocars because thee things ae hgopening in the samespae:

« Togde Seletion isusedfor seleting bookmaks for editing, deleting, &c.

» Object Seledtion isusedfor initiating a drag drop

« Mouse tick is usal to open thddookmak on aseparate page.
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The problemis thatmorethanoneinteraction idiom is applied to the sane place on the same
page In this case if you happen to try to drag, but instead click, you will betaken to a new
page And if you drag an unseleteditem, you now have two items sdected for drag but only
oneshownas sdected for otheropeaations.This is definitely confusirg. Simply selecting the
item (autometically checking the box) when the drag stats would keep the sdection model
consetentin the interface. However, it might lead the userto expect a single click to also do
the same (which it canna sinceit opensthe bookmalik). So, mixing thetwo sdection models
together can be problenetic. However, there is a way to integrate the Toggle Selection and
Object Selection and have them coexist peacefully as well as create an improved use
expeience.

CONTEXTUAL TOOLS

Interaction in Context

Desktop applications separate fundiondity from daa. Menu bars, toolbars, and
pdettesform islandsof application functiondity. Eitherthe userchoose atool to useon the
data or makes a sdection and then applies the tool. They were completely contentoriented.
Rich tool sets were not needed for simply viewing and linking to content pages. Even in e-
commerce sites like Amazon or eBay, the mostfundiondity needed was the hyperlink and
Submit buton.

Toudh-basel interfaces were the stuff of research labsand, morerecently, interesting
You- Tube videos. But now they‘re as close as our phones. Most notably, the Apple iPhone
brought touchto the masse. Gesturebaseal interfaces seemed even further out. Yet these
becameredity with the Nintendo Wii.

5.3.2 Fitts’s Law
Fitts‘s Law is an ergonamic principle thatties the size of atarget and its contexual proximity
to eaeof use Bruce Tognazini restates it simply as:

Thetimeto acquire a target is a function of the distance to and size of the target. In
otherwords, if atodl is closeat hand and large enough to target, thenwe can improve the
user‘s interaction. Putting tools in context makes for lightweight interaction.

5.3.3 Contextual Tools
Contextual Tools are the Web‘s version of the desktop‘s right-click menus.Instead of having
to right-click to reveal a menu,we can reved tools in contextwith the content.We can do
this in a numbeof ways:

» Always-Visible Tools: Place Contexual Tools diectly in the content.

» Hover-Reveal Tools: Show Conextual Tools ormous hove.

* Toggle-Reveal Tools: A maste switch to togge on/off Contexual Tools for the

page
« Multi-Level Tools: Progressively reveal actions baead on useinteraction.
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» Secondary Menus: Show aseondary menu(usudly by right-clicking onan objed).
5.3.4 Always-Visible Tools
The simplest vesion of Contexual Toolsis to uge Always-Visible Tools.Digg is anexample

of makingContexual Tools alwgs visible

o] Ton Sitos for Finding Wond Visibie tool
> » Nt orndy arwe ey .
R i " N A ~ —— }
cultorsl rensissance of wicolage or] =€ 8 Gigg SC fC DEIOwW
133 , Hog BT button. The digg bu P i st >
. ™ 5 " “Lan ot f 1218 ~8 y
oo Ten Sktos for Finding Wond Invitation
x- Nt oedy e Moy
e sc hirnane s slicars et rcier chanae ~
rufturel wnEissance of dicriaos orf N mouse hov G809 LU oora g -
agg " ' darker color and the text abel nges to black High
= ghting is an effective way to sig mMeractivity
371
“ou
R k \

The —digg it button and Digg scorecard provide Always-Visible Tools next to each stoly.
Clea call to action Why not hide the tools and only reveal themwhen the mou is over the
story? Since digging storiesis centrd to the bushness of Digg, aways showing the tool
provides a clear call to action. There are other actions assaiated with news stories
(comments, shag, bury, etc.) but they are representedlessprominently. In the caseof Digg,
the deigners dhose to stow theseat all times.
Relative importance

The —digg it action is represented as a button and placed prominently in the context
of the story. The —bury it action is represented as a hyperlink along with other —minor
actionsjust bdow the stay. The contrast of a button and a hyperlink as well as its placement
gives astrong indication & to herelative importance of each action.
Discover ability
Discoverability is a primary reasonto chooseAlways-Visible Tools. On theflip side,it can
lead to more visual clutter. In the case of Digg and Netflix, there is a good dedl of visual
spae given to each item (story, movie). But wha hgppenswhen theitemsyou want to act on
arein a lig or teble?
Generally Contexual Tools in a list work well when the numberof actions is kept to a
minimum. Gmal provides a sinde Always-Visible Tool in its list of messges—the star
rating—for flagging emails
Simply dlicking the sta flags the mesage as important. Theunstrred seteis rendeed ina
visually light manner, which minimizes the visuahoise in helist.
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5.3.5 Hover-Reveal Tools

Oneway to do this is to reveal the tools when the userpausesthe mouse over an
objed. The Hover-Reveal Tools pattern is most clearly illustrated by 37 Signal‘s Backpackit
(Figure bdow). To-do items may be ddeted or edited directly in the interface. The tools to
accomplish this ae revealed on mouséove.
Discover ability
A saious design consderation for Hover-Reveal Tools is just how discoveable the
additional functiondity will be While the Contextual Tools are revealed on hove, the
checkbox is aways visible for each to-do item. To check off an item, uses have to movethe
moug ove it. When theydo, they will discove theadditional fundiondity.
Contextual Toolsin an overlay
There are severa actions avail able for a focusedobjed. Instea of pladng tools beside the
objed beng acted on, the revealed tools can be placed in an overlay. However, there can be
issues with showingcontextual took in an ovday:
1. Providing an overlay feels heavier. An overlay creates a slight contexual switch for the
users attention.
2. Theoverlay will uswudly cover otherinformation—informationthatoften providescontex
for the toolsbeng offered.
3. Most implementationsshift the contentslightly between the normd view and the overlay
view, causing the uses to takea moment to adjus to the dhange.
4. Theoverlay may get in theway of navigation. Becausean overlay hidesat least part of the
next item, itbecomes heder to movethe mousehrough thecontent withot steppinginto a
—Ilandmine.
5.3.6 Toggle-Reveal Tools
A variation on the two previous approahes is to not show any Contexual Tools until a

specal modeis sd on the page. A good example of Togge-Reveal Tools is in Basecamp‘s

category editing
2 Not visible
Categoriec Bl
Each category is listed in this section. The "Edit
Ch 1. Make & Direct link at the top is the way to edit the category
Documents Seclion
drafl
ORA Stuff
Pctures
ounds
2 . ~————— | Visible in edit mode
ategories Datie wiling]
Each category gets a "Rename” link and where
Ch 1 Make it Drect R appropriate a trashcan is displayed (for empty
categories that may be deleted). !

Cocamenms ;s Qores (ultinoy e feetey Hel
drafi R This i a soft"mode, sinc

Ansl tonle and b An camethina dif-
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Considerations

Here are a few mewea Tools.

o L News (199) 4 o Mews 199
SOft mOde Baing Baing 48 Being Baing 48
CHNsom (37) JCNNsom (3T)

Gengaly, itop?‘gp.oq_thing to avoid spp_dzfiq;:mp_d

interface. However, if a
modeis soft it [is us_}qalyza.cqutable & sat Wemean'the

With Base camp;theusecacHooE 0 |

and does not restrict the user from doing othea actions. This is a nice way to keep the

3ot trapped in the mode.

Y. It just addsvisual noise

interaction lightweight.

When would you usethis technigueWhen the actionsare not the main thing and you
want to reduce visual noise.This fits the category example perfectly. Items are renamed or
ddeted occasionally. It is common, however, to want to click through and see the contentsof
a category (the category is aways hyperlinked). Hence, make it readable and easily navigable
in thenormd casebut gill give theuse away to manage the itemsm context.

Goode Reader could potentially beimproved in this manne. In the current interface,
clicking —Manage Subscriptions takes the user to another page to edit subsciptions. One
possble change is the addition of an edit button thattoggesin a se of contex tools for each
subsciption. This would allow the userto rename and unsubsdbe without leaving the

contex of thereading pane

5.3.7 Multi-Level Tools

Contexual Tools can be revealed progressively with Multi-Level Tools. Songza*
providesa sé of tools that get revealed after a userclicks on a sorg. Additional tools are
revealed when howering over thenewly visible tools
Radial menus

Radial menus*suchas in Songza have been shown to have someadvantages over
more traditional menus.First, experienced uses can rely on muscle memoy rather than

having to look directly at the menuitems. Second, the proximity and targeting size make the
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menueasy to navigae since the reveded menuitems are al equdly close at hand (recall
Fitts‘s Law).

The one potential downsideto this approah is that rating a sorg requires several
steps:an initia click on the song moving the mous over the rate menuitem, thenclicking
either the thumbs up or thumbs down option. If rating sorgs was an important activity, the
extra effort might prevent someuses from doing so. An aternate approach would be to
replace —rate directly with the thumbs up and the thumbs down optins.

Activation

Anothe interesting decision Songza madewas to not activate the radial menu on
hove. Instead, the use mustclick on a songto reveal the menu.Activating on click makes
the userintent more explicit. Making activation more explicit avoids the issues desaibed
earlier in the Hover and Cove anti-pdtern. The userhas chosento interact with the song
Conversely, with a mouse hover, it‘s never quite clear if the user meant to activate the menu

or justhgppened to pausever asory title.

Default action

Playing a songrequires moving to the top led&. One possble soluion would be to
place the play option in the middle of the menu(at the stem)instead of in oneof the leaves.
Clicking once would activate the menu.Clicking a second time (without moving the mous)
would stat playing the song This interaction is very similar to one commonly used in
desktop application: allowing a doubleclick to activate the first item (default action) in a
right-click menu.
54 0OVERLAYS

Ovelays are redlly just lightweight pop ups. We usethe term lightweight to makea
clear distinction between it and the normd idea of a browse pop up. Browse pop upsare
created as a new browsa window Lightweight overlays ae shownwithin the bowse page as
an overlay. Olde style browsea pop upsare undesirable because: Browse pop upsdisplay a
new browser window. As a result ¢ these windows often take time and a sizeable chunk of
systemresouirces to create. Browse pop upsoftendisplay browse interface controls(e.g., a
URL bar). Due to security concerns, in Intemet Explorer 7 the URL bar is a permanent

fixture on ay browse pop-up window.
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By using eithe Flash or Ajax-style techniques (Dynamic HTML), a web application can
present a pop up in #ghtweight ovelay within the pae itsdf. This has distinct advantages:

Lightweght overlays are just a lightweght in-page objed. They are inexpensiveto create and
fast to display. The interface for lightweight overlays is controlled by the *web application
and not the browse. There is complete control over the visual style for the overlay. This

allows the overlay to be more visually integrated into the application’s interface
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We will look at three spedfic types of overlays: Dialog Overlays, Detail Overlays, and Input
Ovelays.
5.4.1 Dialog Overlay

Dialog Overlays replace the old style browsea pop ups. Netflix provides a clear
example of a very simple Dialog Overlay. In the “previously viewed movies for sale”
section, a user can click on a “Buy” button to purchase a DVD. Since the customer
purchasing the DVD is a membe of Netflix, al the petinent shippng and purchasing
informationis aready on record. The complete checkout experience can be providedin a
sinde ovelay
5.4.2 Detail Overlay

The secondtype of overlay is someviha new to web applications.The Detail Overlay
alowsan overlay to present additional informationwhen the userclicks or hovas over alink
or section of content.Toolkits now makeit easierto create overlays acrossdiff erent browse's
and to request additional information from the server without refreshing the page. Taking
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anotherexample from Netflix , information about a specific movie is displayed as the user
hovers over the movie’s box shot.
5.4.3 Input Overlay

Input Overlay is a lightweight overlay that brings additional input information for
each field tabbel into. Ameiican Expressusesthis tedhniquein its registration for premium

card suchas its gold card.

55INLAYS
Information, ordialog with the userneeds b bean overlay. Anothe approach is © inlay the
informationdirectly within the pageitsdf. To distinguishfrom the pop-up overlay, we call

thesein-page pands Inlays.

5.5.1 Dialog I nlay
A simple tedhniqueis to expand a pat of the page, revealing a dialog area within the page
The BBC recently began experimerting with using a Dialog Inlay as a way to revesl
customzation mntrols forits hone page
5.5.2 List Inlay

Lists are a great place to uselnlays. Instead of requiring the user to navigate to a new
page for an item’s detail or popping up the information in an Overlay, the information can be
shownwith a List Inlay in contex. The List Inlay works as an effective way to hide detall
until needed—while at the same time preserving spa@ on the page for high-level overview
information. Goode Reader provides an expandead view and a list view for unread blog
articles. In thelist view, an individual aticle can be expande in place as aL.ist Inlay
5.5.3 Detail Inlay

A common idiom is to povide additional deail about items shown o page We sav
this with the example of the Netflix movie detail pop up . Hovering over a movie revealed a
Detail Overlay caling out the back-of-the-ox information. Details can be showninline as
well. Roostall ows housephotosto be viewed in-contex for areal estatelisting with a Detail
Inlay
Inlay Versus Overlay?
Use an overlay when there may be more than one place a ¢ dialog can be activated from (the
exception may beshowirg ddail s foritems in alist).
» Usean ovelay to interupt the proaess.
* Use an overlay if there is a multi-Step pocess.
* Use an inlay when you are trying to avoid covering information on the page needed

in thedialog
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* Use an inlay for contextual information or details about one of mary items (asin alist): a
typicd example is expanding list items b show dail.

5.6 Virtual pages

Ovelays allowyou to bring additional interactions or ontent in a Iger above the arrent
page Inlays alow you todo ths within the page itsdf. However, another powerful apgoach
to keging users engaged on the arrent page is to create avirtual page. That is to |y, we
create the illusionof alarger virtual pge.

Patterns tha support virtua pages include:

* Virtual Scrolling

* Inline Paging

* Scrolled Paging

* Panning

» Zoomable User Interface

5.6.1 Virtual Scrolling
The traditional Web is defined by the “page.” In practically every implementation of

websites (for about the first 10 years of the Web’s existence) pagination was the key way to

get to additional content.Of course websites could preload data and all ow the userto saoll

throudh it. However, this processled to long delays in loading the page. So mostsites kept it

simple: go fetch 10 items and display them as a page and let the use request the next page of

content.Each fetch resulted in a page refresh. The classicexample of this is Goode Search.

Each page shows 10 results. Moving through the content uses the now-famous Goaogle

pagination antrol

Virtual Scrolling demongrate thiee different ways to managethe vitual sgace:

* Yahoo! Mail creates the illusion that all data has been loaded up-front by having the

scrollbar reflect thetotal virtual spae.

* Microsoft Live Search creates the virtual illusion as the user moves down through the

search results.

e And PicLens does the same with the caveat that it * shows a virtual window in the larger
virtua spae (by only providing a saoller contrd for where the use is and somebefore
and dter contex).

5.6.2 Inline Paging

What if instead of saolling through contentwe just wantedto make pagination feel
lesslike a page switch? By only switchingthe contentin and leaving the rest of the page
stable, we can create an Inline Paging experience. This is what Amazon’s Endless.com site
does withits se&ch results.
5.6.3 Scrolled Paging
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Besides Virtual Scrolling and Virtual Paging, there is another option. You. can
combine both saolling and paging into Scrolled Paging. Paging is peformedas normd. But
instead the content is “scrolled” into view.

The Carousé pattern takes this approach. A Carouselprovidesa way to page-in more
daa by scrolling it into view. Onone hand it is a variation on the Virtual Scrolling pattern. In
otherwaysit is like Virtud Paging sincemostcarousés have paging controls.The additional
effect is to animate the scrolled contentinto view. Yahod Underground usesa Carousd to
provide away to page/saoll through aticles.

5.6.4 Virtual Panning

One way to create a virtual canvas is to alow uses the freedom to roam in two-
dimensiorel spa@. A great place for Virtual Panningis onamap. ®ogle Maps dl owsyou to
pan in ary direction by clicking the mouselownand diagging the mg around
5.6.5 Zoomable user interface

A Zoomable User Interface (ZUI) is anotherway to create a virtud canvas. Unlike
panningor flicking through a flat, two-dimensiorel spae, a ZUI all owsthe userto also zoom
in to elements on the page. This freedom of motion in both 2D and 3D supportsthe concept
of an infinite interface.Practically speaking, ZUIs have rarely been available in everyday
softwae applications, much lesson the Web. But with more advanced features added to
Flash and the advent of Silverlight, this type of interface is starting to emerge and may be
comnmonplae in the nottoo-distant future

5.6.6 Paging Vs Scrolling

Leading web designers and companie have taken diff erent approahes to solving the
same problems.Yahoo! Mail choseVirtud Scrolling. Gmal chos Inline Paging. How do
you choosebetween paging and saolling? While ther are no hard and fast rules, here are
some things to considewhen makirg the deision:
» When the data feels “more owned” by the user—in otherwords,the daa is not transientbut
something uses want to interact with in variousways. If they want to sortit, filter it, and so
on, onsde Virtual Srolling (as in Yéhod Mail).
» When the data is more transient (as in search results) and will get less and less relevant the
furtheruses go in thedata, Inline Paging works well (as with the iFhong.
* For transient data, if you don’t care about jumping around in the data to specific sections,
Consder usingVirtual Scrolling (as inLive Image Search).
« If you are concerned about scalability and performance, paging is usualy the best choice
Originally Microsoft’s Live Web Search also provided a scrollbar. However, the scrollbar
increased sever-load considerbly sinceuses ae morelikely to saoll than pge

« If the content is really continuous, scrolling is more naural than pagjing.
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* If you get your revenue by page impressions, scrolling may not be an option for_your
bushess nodd.

« If paging causes actions for the content to become cumbersome, move to a scrolling model.
This is an issue in Gmal. The usercan only operate on the current page Changing items
across page boundaies is unexpected. Changing items in a continuaus saolled list is

intuitive.

5.7 Process flow

It has long been common practice on the Web to turn each stepinto a sgparate page.
While this may be the simplestway break down the problem, it may not lead to the best
soluion. For some Process Flows it makes sense to keep the user on the sane page
throughout he process.
5.7.1 Google blogger

The popularsite Goagle Bloggergenerally makes it easy to create and pullish blogs.
Onething it does not makeeasy, thoud, is ddeting comments thatotheis may leave on your
blog. This is especially difficult when you are the victim of hundeds of span comments left
by nefarious compania hoping to increasetheir search ranking. Blogger forces you to ddete
thesecomments through a three-stepprocess. Each stepis an individual page, al punduated
with a pae refresh
My (Bill’s) blog site was recently spammed. It turns out that my 100 or so articles all hal 4
or morespam omments. Tha means tha | had to ddete morethan 400 sam comments.
Given the way Goagle Blogger implemental comment déeting, | had to fdlow thesesteps
for each comment on exch blogarticle:
1. Sroll to find the offending comment.
2. Click thetrash icon to delée thecomment.
3. After page refreshes, click the “Remove Forever” checkbox.
4. Click the “Delete Comment” button.
5. After the page refreshes, click the link © reurnto my blogarticle.
6. Repet steps1-5 foreach aticle with pam canments.
It took 1,600clicks, 1,200 page refreshes, 400 saoll opeations,and severa hoursto finaly
rid mysdf of al of the spam comments. If the ddete action could have been completedin the
sane page as the comments, that would have eliminaed hundeds of clicks and well over a
thousnd page refreshes,and saolling would have been al but eliminaed. | would not have
wastedall the menta energy to reorient myself after each page transition. And | would have

been a muchhappier man. This is a common interaction flow on the Web. It turnsout to be
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simpler to design and implement a processas a saies of pages ratherthana singe interactive
spae.

5.7.2 The magic principle
Alan Coope discusse a wondeful technique for getting away from a technology-driven

approach and discovering the underlying mental model of the user. He calls it the “magic
principle.” Ask the question, “What if when trying to complete a task the user could invoke
some magic?” For example, let’s Iook & the prodem oftakingand shaing photos
The proaess forthis taskbreaks down lke this:
* Take pictures with a digital camera.
» Sometime later, upload the photos to a photo site like Flickr. This involves:
— Finding thecable.
— StartingiTunes.
— Importing dl photos
Usingasecond pogram, suchas Hickr Uploadr, to upload thghotosto Hickr.
— Copying the link fora Hickr set (vhich involves first locding the pgefor the uploaed
sd).
Send the link in email to appropriate friends. If somemagc were invoked, here is how it
might happe:
* The camera would be event-aware. It would know that is your daughter’s eighth birthday.
* When finished taking pictures of the event, the camera would upload the pictures to Flickr.
* Flickr would notify family and friends hat the pictures of thebirthday paty are availade.
5.7.3 Interactive single page processor

Consuner produds come in a variety of shajes, sizes, textures, colors, etc. Online
shoppes will not only have to decide that they want shoes,but do they want blue suede
shoesAnd wha size and width do they want them in? In the end the sdection is constained
by the available inventay. As the usermakes decisions, the s of choices gets more and
morelimited. This type of produd sdectionis typically handledwith a multi-page workflow.
Ononepage, the usersdects a shirt and its color and size. After submitting the choice a new
page is displayed. Only when the user arrives at this second page does he find out that the
“true navy” shirt is notavail able in the mdium size.
5.7.4 Inline assistant process

Anothe common place where multiple pages are usedto complete a processis when
adding items to a shoppng cart. As mentioned earlier, Amazon provides the typicd
experience So what magic can we apply to move this from a multi-page experience to a
sinde-page experience? Instead of thinking aboutthe cart as a process, we can think aboutit

as a real-world objed. Given this mindset,the cart can be realized in the interface as an
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objed and be madeavailable on the page. The Ggp employed an Inline Assidant Process
patern for its shoppng cart when it re-launded its ste afew years back.
5.7.5 Dialog overlay process

As mentionedbefore, any page switchis an interruptionto the user’s mental flow. In
addition, any contex switch is a chance for a userto leave the site. We sesk an experience
thathas as little menta friction as possble. But sometmesthe stepby-step flow is necessay.
The Netflix approah just desaibed usesa Dialog Overlay Processto encapsukte a multi-
stepflow inside a Dialog Overlay.. Overlays alow us to keep the contex of the page yet
present a virtual spa@ to condud¢ a conversaion with the user Discover.com recently
expanddl its account section with a more detailed profile. The profile captures things like
your payment date, mobile fraud aerts, paperlessstatenents,and general contad information
.Theoverlay pops upwhen you fir st enteryour account.
5.7.6 Configuration process

Sometines a Process Flow is meant to invoke ddight. In these cases, it is the
engagement factor that becomes most importent. This is true with various Configurator
Process interfaces on the Web. We can see this especially at play with car configurators.
Porsdhe providesa configurator that all ows uses to build their own Porsche Being able to
tweak the colors, wheels, interior, and optionsfor a car and see theresults in real timeis an
engaging experience. Live Previews allow the userto see the effect of his changes on a
simulated vasion ofthe eal thing.
5.7.7 Static single page process

The Apple example il lustrates anotherway to get rid of multiple pages in a Process
Flow. Just put the complete flow on onepage in a Static Single-Page Process. The usersees
al thetasksneeded to complete the full process. This can be both good and bad. Seeing just
onestepto complete the processcan encourage use's to finish thetask.But if the sinde step
seems too long or too confusing the userwill mostlikely bal out of the processearly. In
otherwords, if placing al thetaskson a singe page is enough to causethe userto bal out; it
is not a good idea. In the case of the Apple store, each item is optionally set, and it’s just a
sinde click to include or exclude an item from the purchase EBay provides two ways to sell
an item. An introductory panel gathers the description of the item for sale. The “Customize

your listings...” option takes the user through a traditional multi-page process.
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