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Practical Methods for
Measuring Human-Computer Interaction

by S.W.Draper
These notes were originally created with a lot of help from Keith Oatley, as part of a project creating teaching maté@alwithrKeith
and me together with Phil Gray and Alistair Kilgour.

Introduction

Opinions and ideas in HCI often begin witersonal experience: of frustration enjoyment at amterface, or
of seeing something happen to someone else.tal® the nexstep beyond thisequiresgatheringmore
observations in order tgive one's opinions andleas awider and moresolid basis. Foiinstanceyou might
ask severalpeople totry the sameaask on agiven machineandtime how long they took, or counthe errors
they made. Or you might ask several users the sat@# questions, antbmpare the answey®u got. This
is simple empirical measurement of the performance of human interaaothat machine oprogram,and it
is our subject here.

To see what is involved in general, it is helpful to think of an analatyan electronics technicianisorkshop
(which we discuss further below). Various instruments are widely used@#rgeters,oscilloscopes)though

the way they are used and what they measure depends on the particular task being addressed: the same m
are used for a range of objectives. We shall disties® ranges of meass, instruments, anubjectives, and

how they relate to each other.

What follows is reallyonly anintroduction toall that might besaid onthe subjectof measuring human-
computer interaction. It is wortstudying however,becausesvendoing small amounts ofactual practical
measurements can both gredhnefit theprojectyou are working onandalso give you afeel for whatsuch
methods might be good foilhis is useful if youwish to contracbthers to danore ofsuchwork for ateam
you are part of.

We are here concerned with empirical measurememst-analytic methods fqredicting theperformance of
a designsuch asGOMS or TAG. Although analyticmethods hold outhe promise of beindaster,cheaper,
and do nb need thedesign to bealreadyimplementedthere is nosign yet of theirbeing able to predict
performance ima practically useful way — HCI theory is stil far short of being predictive. Inany case,
developing and checking such methods requires empirical measurements.

In HCI the iterative prototyping cycle is fundamental. One step in that cytblatisf observing the interaction
betweenusersand some wsion ofthe design. Themethods described hecan beused for thatand this is
one importantreason to studyhem. However they mayalso beused forother things: for instance for
comparing twocommercialproducts. Suclactivitiesare often called "evaluation”, but thmethods described
here are best described as practical methodsifaan-computer interaction measuremeinstly becausehey
can beused forother things thanvalue judgementge.g. detecting bigs), andsecondlybecause othemon-
empirical methods (e.g. analytic methods) often described &wvaluation but areot dealt withhere. These
measurementare, strictly speakingmeasurements dhe performance ahe combinedsystem comprising a
humanuserand amachine(usually a conputer program): of systemperformance. One could use such
measurements to report on how well different users perform compared to each other. Howevedisetessve
measurement only from a user-centered viewpoint which takes the attitude that all problproblenes in the
design of the machine, and in particular of its user interface.

The term "evaluationhasbeenwidely used, but implies tomarrow a vigv. "Evaluation”refers to a goal;
measurement is more basic — partttd means t@ number ofalternativegoals. Suchmeasurement is a
skilled activity in its own right, that can usefully bensidered as separate subjectPutting this anotheway,
we can say that evaluation properly has two p®ise is measuremenihe other isassessingneasurements
in relation to goals.

We shall begin bydevelopingtheseintroductory remarksnto a conceptual frameworfor thinking about
measurement in terms of five stages, each with properties that affegibhomould makethe choicesnvolved
in carrying out a measurement study. We shall tes witheach of thdive levels inturn. Wegive abrief
discussion of measures, théescribesevenbasic instruments — this is mudie largesportion. Next, we
deal with testing episodes, then the calculation of results, and finally we will discuss the reporte\thtaisdor
might make.
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Measurement Framework
In general, we think of interface performance measurement as involving the folisaues. Firsthere is the
issue of whaimeasuresare taken, e.g. time to learn, uséiitudes,errorsmade indoing aparticularoperation.
Secondly there is a choiceinottrument for making the measurements. In fexdtruments are oftdoest used
in combination toform atesting episode different combinationgre used indifferent cases. Then the
results are summarised or calculated, perhaps using statistics. Finally the conclusrepsiieel.

These choices can be summarised as:
Measures —> Instruments —> Testing episode —> Results —> Report

Besides issues of what to report dmav to present, often aninvestigatorknows alot aboutwhat is wanted
— the real purpose of the study — and uses this to make the choices about measures and indtinatignts.
there is thassue oftheories of HCI. A generatheorywould predictwhat factors or features othe system
and the testing situation determine the measurements observed. Theoriesybussetit measresmight be
worthwhile. Measurementare more general than theories — that is why they camsed totest theories.
Nevertheless you can't measure everythinthaltime, so theories are influential in decidimgat measures to
attendto, andwhatfeatures of arnterface tochange inorder to try toimprove the valuesbserved. Here,
however, we ainonly to presenseveninstruments andhow touse them — but ricto present any tlogies
about what values to expect to observe in particular cases.

The techniques aheasurement we recommend are likeea of instruments oan electronics work bench:
metersfor measuringvoltagesand currets, oscilloscopes fomspecting signalsjevicesfor testing pieces of
hardware. They are inde@dychologicalinstruments, and they measure agpet the goals, plansactions,
and knowledge of aserinteractingwith aninterfaceand the information flowingrom it. In any design or
evaluation process these neéedbe usedh particular ways at particulgoints. Oftenseveralinstrumentswill
be used together in a single testing episode: for insyancmight set up an experimednit give the subjects a
guestionnairebefore, and interview them immediatelyafterwards. Thus a uselinterface togetér with its
application program are like an audio amplifier and speakerdaskeet the user is likesignalgenerator; the
instruments (e.g. questionnaires) are like meters; the measures (e.g. satisfaction, cadinedihe task) are
like the quantitiesneasurede.g.voltage); thetesting episode derminesadditional conditionssuch as the
available helpfor users, orthe temperatureand powersupply for electronics; thereport generatedafter
analysing the resultmight give the frequenagsponse of &i-fi system, orsummarisanterfaceperformance
on a set of standard tasks.

Properties affecting the choices in a measurement study

A complete method for a measuremstudy nvolveschoices akach of thdive levels. Inthe framework we
develop here, we discuss the issues that affect the chimat@sust be made: how to select Hestmethod for
a given job. Each level has alternatives, and thagein several important propertielSsorinstanceinstruments
vary bath in how mudh they costeach userand in how much thegostthe investigator. Iraddition there are
some properties that are affected by several alldgvels. Wehaveorganised oumaterialaround thisdea.
The alternatives and properties for each level are summarised tdgathebutare more fully describedn the
section dealing with the level with which they are associated.

Howeverthere are amumber of qualificabns that emerge.Firstly the sets ofalternatives are abbpen-ended:
there are really amdefinitely largenumber of hem at eaclevel, and here weoncentrate on thenesmost
oftenuseful INnHCI. Secondlythe choicest differentlevelsare notfully independent, partlyfor instance)
because some instruments are mainly useful onlydiore kinds of measurelhus inpracticeyou only make

free choices at sontevels, andsomeothersare th@ heavily constrained. Thishows upmost perhaps at the
fourth level (results), where if you have chosen everywhere else then the method of analysis you choose is ¢
just a matter of reporting everything you meaningfully can gikkemature of the datagonversely, ifyou want

to be able toreport a comparisofa particular type ofesult) then thiconstrainswhat you may do at other
levels (e.gprobablychoose arexperiment as thmstrumentand be carefuht the episodelevel to control all

the variables).

Thirdly the testing episodelevel is somewhatdifferent in that you mustmake notone butseveralseparate
choices (of task, users, machines etbgweverthese share someportantproperties e.gsimilarity to "real”
practice. Fourthly, theontrolled expement behavesather differentlyfrom the otherinstruments irterms of
this framework because isome ways its more lke akind of testing episode thaan instrument: to do an
experiment means on the one hand making chaici® episode levéhat ensur¢hat theset of measurements
are strictly comparablevgriabkes arecontrolled)and onthe otherhand other instrumentway be employed
within it e.g. questionnaires. Neverthelgspractice, annvestigator facedavith a questionsuch as’how easy
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is it to prodice a shortetter using thisword processor" has ahoice between(say) doing aguestionnaire
survey of established users, doirthink alouds on asample, ordoing a cofrolled experiment. Thus
pragmatically, if not logicallyexperiments belong tthe set ofinstruments, andsatisfy a definition of
instrument as "a means of doing measurement”.

Summary of the framework
Measures
Alternatives: time on task, time to learn, number of errors, feeling of enjoyment, ...
Properties:
Type of unit: Open-ended, events, category, ordinal, ratio scale
Comparability: open-ended vs. the rest
Underlying thing to be measured: User behaviour, knowledge, intention, values, attitudes, ...
Internal/external: measure internal (e.g. mental) state or behaviour
or "attitudes" (internal estimates of external factors)
Measure: machine, environment, or user
How well are you measuring what you really want to know?
(e.g. How close to proposing specific design modifications)

Instrument
Alternatives: Focus group, questionnaire, feature checklist, semi-structured interview, think aloud protocol,
incident diary, ethnographic field study, controlled experiment, ...
Properties:
Whose judgement
Comparability: improved by centralised or mechanised judgement
Internal/external: Measure by asking the user, or by observing what happens
Cost to user
Cost to investigator
Retrospective or on the spot
Type of additional prompting: none, investigator, other users, ...

Testing episode
Alternatives: Separate choices of each of:
Environment (including sources of help)
Machine
User:
Task (user’s current goal)
The knowledge (expertise) users have
User’s permanent characteristics
Properties:
Comparability: Is the set of instances under each choice uniform (controlled)?
Validity: Are they natural (representative of the intended set)

Laboratory study <—> Field study (Roughly: on this spectrum,
the former increases comparability but reduces validity,
while the latter has the inverse properties.)

Coverage of the potential space of bugs

Results
Alternatives: Transform measures, combine, averages, describe distributions, decide whether two sets are
probably distinct (significantly different), ...

Properties:
Comparability: may the measurements be meaningfully combined, or not?

Report:
Alternatives: Find bugs, compare two designs, compare a design against benchmarks, compare users, ...
Properties:
Where in the design cycle is the study done (illuminative, formative, summative)
(How complete a prototype interface is needed)
Comparability: does the report's goal require comparison of measurements?
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Comparability

There is oneimportant property of measurement thappears atll five levels in different ways — the
comparability of thaneasurements -which wetherefore introduce heigince itdoes no belong simply to
one level). Whethercomparability is dsired isdetermined bythe kind of report that iswanted. If two
programs are to be compared, then comparability is necessary, whereas if all that is required is fdoughst of
to be assembled, then it is anlessdata on thdrequency andeverity of eaclibug is alsaequired). The
importance of comparability emerges at the stage of result calculagioshould only add gethe thingsthat
are comparablée.g. applewith apples, but not witloranges). If youvant to calculate thedifference in
average time thatsers of twgorogramstake,this is only meaningful ieveryother factor iscomparable: the
task they were attempting, their prior experience withprogran and themachine the speed ofthe machines'
hardware, how much they were taddtry to be quick, etc. If thereport's goal reques comparisons, then you
will need tomakesome sucttalculation at theesultsstage, but it willonly be sensible and permissible if
comparability has been achieved at the three previous stages. At the testing episode stage, this means setti
same or comparable tasks to comparable usersalemgvices)underthe sameconditions. Atthe instrument
stage, this often means doing an experina@ick not anore realistic fieldstudy. Ifyou choose amstrument
like a questionnaire, theyou mustthink about comarability: will the questionamean the samihing to both
groups of users? are the users of each program whom you aresaskiagin otherways e.g.age,how busy
they are etc.? At thénstrumentlevel the property of whosgudgement decidethe valuesrecorded is also
important to comparality: interviewsaremore comparable thaguestionnaires becausesimgle person(the
interviewer) makesill thejudgements; and a measure ltkee decided by the stopwatehanufacturer istill
more comparable. At the level of measures, the isghat the unit omeasurement cannbe operended, but
must be one of the other, comparable, measures (categories, ratio scale, etc.).

MeasuresS(evel 1)
We need tomake anumber ofdistinctions,which may be summarised &slows. We need todistinguish
between the underlyingntities thathavecausal effectge.g. what auserknows), andthe quantitiesactually
measured (e.g. their score on a test), which we hope indicate the undenlytieg that we are really interested
in. For bothof these there are two independésgues:the kind of thing being measurede.g. time or
intention), and the kind of metric used (ejgantitative or qualitative)The things measurednay beproperties
of the user or of the machine or environment; and they may be external behaviour or internal (e.g. mental) st

There are twesense ofmeasure to considethe underlyingthings wewish ultimately to measurewhich in
general we believi® bebasiccauses anéffects inthe interactionand the moremmediateproperties that we
measure asvidence othe underlyinghings. Forinstance, aimple thermometer measures the length of a
column of liquid as a pramal or surface measunadicatingthe distal or underlym quantity of temperature.
A voltmeter may actually measure current, using cutreatigh astandardresistance as a measurevoftage.
A car's fuel gauge has position of adie on a dial as the proximsuirfacemeasurement indicatingye distal
guantity of fuel inthe tank (the needidepends onhe currentthe currendepends on wariableresistance in
the tank, the resistance dependsthe height of a float in thank,and the heightf the floatdepends on the
amount of fuel). Thus aninstrument isa designfor getting an indication of an deilying property, often by
means of aneasurement afomeother, relatedoroperty. In thissection wediscussdistal measures: the
underlyng thingswe wish ultimately to measure. The@roximal, surface measureme thebusiness of the
instruments, which we discuss in the next major section.

The kinds of underlying thing to be measured
The first major division of measures is between measutbge ofachine, of the environment, and of the human
user. In priciple everykind of measure coulthe apply tothe machine asvell as tothe user:the overall
performance of amteraction cardepend orthe machine'sesponsdime, its errors(if there arebugs in the
program), its estimates of a user's abilities (if itdraactive user model), igpals orintentions(e.g. programs
may have built in "goals" such asaving work periodicallywithout commandsrom the user). Weshall
comment on this, bunost ofwhat we have tsay wil concentrate on mea®s ofthe user. Thisis only
because most user interface technology smédkes the state amdtions ofthe machinevery easy tmbserve.
In particular, the basic feature of direntinipulation is to reflect machine statetba screen, so eithervaleo
camera or a human investigator can usually capture thesthteehaviour easily. Howevigr future itmay be
tha other interfacestyles make machineneasuresnore difficult and more importantFor instance, if the
interface adapts itself significantly, then it may become hard to replicate exact machine behaviour so as to dc
same test on different usees)d then morattention vill have to be paid taneasuring and recordingxact
machine states. (This pointfesmiliar to programmerananybugsare repeatable,and soerelatively easy to
track down. Notoriously difficult are bugsthat are intermittet because theglepend on some hidden and
variablepart of the state.g. nework traffic.) Infact aswell asmeasuringhe userand the machine, it may
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sometimes be important to measthengs to dowith the environmene.g. the presence andvailability of

information resourcessuch asthe telephonecolleagues atadjacent desks, or printed manual. The
environment ispart of therelevant"system” to be oferved and measured itf affects thecourse of the
interaction.

The second, independent, major divisiontgbes of measures concertise external/iternal distinction:
measures that are of external behavi{ewg. what theiser does, howong theytake to doit), versus thosé¢hat

are of internalmentalstate(e.g. whatthe user knows, what they were trying tao). (Thisdistinction also
applies to observing thmachine: external behaviouortcerns itoutput, while internal behaviour concerns its
hidden state.) Ifact there isa third kind of measure: ot only external behaviouandinternal statesuch as
intentions, but'attitudes"” inthe sense ointernal estimates of externdlings. Forinstancepeople generally
haverough estimates of how difficult it would be tase a program.These estimateare important because
users' decisions about what to try and what to dodredher to buy a program)e largelygoverned by these
estimates. These attitudeare oftenapproximatelyaccurateevenwhen they do nosoundit. For instance,
someone may say the ddike a wordprocessorlnd may apologisefor it, but in fact this may correspond to
the fact that that word processor takes a long time to learn and the user would not recoup the cost of learnin
any benefitfor their particulartasks. However whether or nothese estimateare accurateeflections of
interface performance, ¢l are sometimes important to measure because they independently infisence
behaviour. These attitudes, then, are a third class of thing to measure. (They may also occur inwiéahines
have user models: internal estimates (possibly quite wrong) of what a give user knows or wants.)

Examples of attitudes are estimates about howitaiagges to dasomethingabout thechancedor succeeding
at a task, about whether it will lb@joyable. Examples ekternalbehavioural mesuresaretime tocomplete a
task, the number afrrorsmade, what actions @ser t&es: inparticular, whichmethod theychoose(the most
efficient, or aroundaboubne), whethethey use shortcuts,etc. Other possibleexternal masues might be
facial expressions, or exclamations (e.g. curses).

Internal measureshay beroughly dividedinto three classeslepending omwhether theytypically vary over a
very short time, amediumtime, or only over verylong periods. Examples dhe first class(short time

durations) are intentions (what the user is trying to do e.gldot ke command Ut", to deletea letter), and
interpretations ("l think that command 'cut’ mightfdxedividing my file into two parts”). Bothof theseoften

vary almostfrom secondo second aghe interactiorproceeds. Examples tfe second class (mediutime

durations)are knowledge of commands, of hasefulthe machine isurning out tobe, of how annoying it
feels. Examples of the third class (long time durations) are abilities (e.g. is the user blind?, ceed)ennd
personality characteristics.

Types of unit (metric)
The other independent important issue for measutbs iype of unit inwhich it is described. This property
may be loosely described as qualitative versus quantitativejore accurately biysting the major alternatives.
These are:
* Open-ended. An unstructured answer to a question, or description of the user's behaviour is recorded.
* Event. A definition of an event (e.g. the user oengenu but then closéswvithout selectinga command)
is used, and everything that happens is classified as either an instance of the event or not.
» Categories.Whereaswith eventsmost thingsare notrecorded aall, here mosthingsare classifiedinto
one of a set of categories. For instance bskaviour might be classified intlyping, using themouse, gazing
at the screen, thinking. However there is no particular way to rank the alternatives.
* Ordinal measures. Hethe categoriesisedhave adefinite order. For ingtrce usersmight beasked to
scoreeach command dslifficult”, "moderate” or'easy"”; ortheir use ofeach command as "very frequent",
"frequent”, "seldom" 'rare", "veryrare". These categoriesave adefinite order, butprobably no further
reliable numericapropertiesfor instance, is'seldom"twice asfrequent asvery rare"? Many questionnaire
guestions use numbers as respaategories, bugou shouldn'thereforebelieve that it issensible to add or
multiply them: unless youhave diret evidencethat this makes sensgiou shouldtreat thenumbers as
expressing only order. (This is just likee use of numbers in g@mming torepresent differentases e.g. 1
for red, 2 for blue, 3 for green. Numbeng convenientodelabels, butarithmeticcannot besensiblyapplied
to arbitrary codes.)
» Ratio scales. Some units howegeg part of scales (e.g. time), and it then makes sense to apply arithmetic

The major division in thabove spetrum of types ometric is betweemmpen-ended anthe rest. Therest all
supportsome kind ofguantitative comparison betwesuabjects or masuresyhile the open-endedloes not.
On the otherhand,only the open-endeaanallow the investigator to diseer soméning wholly unexpected
such as a bugQualitative,descriptivemethodsare importanfor gettingimpressionsaboutwhat isgoing on
between the user and the interface — in a simegeare the bedrocRVithout the intuitionsggainedfrom them,
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guantitativemethodsmake no reatense. Thus focomparability,quantitative metricsnust beused, but to
discover the unexpected (apposed tdesting hypotheses, or measurstgndard features) some open-ended
measure must be used. The choice then often depends on the goal of the investigation (the report type), bu
alsocommon to seehe typesmixed, or to have amvestigation in which thdirst phaseusesopen-ended
measures to get awverall pictureand a second phassesquantitative measurds give adetailedpicture of

the issues identified by the first phase.

It is also possible toecord open-endedata,and then to categoritkem bysome codingscheme at dater
stage (of result calculation). This lhe advantage ddllowing severaldifferentanalyses to be dorlater, but
the disadvantages thaistoften an excuse defer untillater thevital decisions aboutvhat will be donewith
the data (which often affect how the measures are taken), artdoitesients thenvestigator getting theubject
to help with the categorisation ("which did you really mean?").

Further examples

In principle we can fit everything we might want to measure into the above scli@mstance wérequently
wish to measure users' "past experiendéiis isan externameasurgfor how long theyhaveactually, in the
past,used agive program)which has aratio scalge.g.hours). Tomeasure theast, ofcourse,necessarily
requires indirect measures. Whether we ask the users themselves, or consult records of theitigsSsax
matter for the instrument we seled®astexperience is guestion ofexternalbehaviour, but in factery often

what is really wanted is a measurewdfat the usernow knows (their expertisevhich is aninternalmatter of
knowledge: it may be better to measure that ndoetly, eitrer by askingwhat theyknow or bytestingtheir

ability behaviourally(which would constitute amxternal typeof instrumentseeking tomeasureinternal

knowledge indirectly). Knowledgeoes notreally have an applicableatio scale despit¢he practice of
examinations: if user A scorésice as much asser B on dypical test, they may know everythingkBows

plus some more, or they may know a different set of things.

Another case is value judgements. How muabex values the benefit of employing a programufitity) is a
medium term internal measunehile how much auser enjoys odislikes using the program is a different
medium term internal measure (part of its usability): some programs are not used because although quite us
they aren't useful, while others are used although hated because they do something vital. One common me
is questionswvith answers on an ordinatale(seethe section omuestionnaires).Although thesethings are
internal,anotherway to measurethem isthrough aninstrument looking aexternal (behaviouralyigns: we
could record facial expressions, or off@ople a choicef programswith varying utility and usability and use
their choices as indicators of the values they put on them.

An issue of importance for designers is what commarelseeded by users. Thizuld be inferred fronwhat
commands are used frequerftlg. use annstrument whose surfageeasure is commangse). Users could
be asked during usehether theyneededhat command aspposed to ibeing anaccidental invocationthis
would be adirect internalmeasure.Userscould be askedetropsectivelyaboutwhat commands theyeeded,
which would rely on their memorgn internalsurface measuréirected at an internainderlyingissue. Need
is either a binary or an ordinal scale (for degree of need) applied to each command separately.

A final case is that oérrors. These ardrequentlyused as aexternal measure, btiis can be problematic
because it is not always clear what should count as an error. The essential trouble is, t#iveunation of
error is really annternal onedoing somethingvhich we would not do ifjiven achoice. Butthis is seldom
what ismeasured. Insted@rrors”areusually defined as aexternal measure: a particuleliass ofaction.
However, is it an ®or to do something unnecessary? Usgosild probably agree thadeleting a file by
accident is arerror. But looking upomething inthe online help iglso unnecessary (ffou hadlearned it
before). Similarly, typing at a reasonable rate involwssrting some wrongharacters, but if thelternative is
typing extremely slowlythen perhapshis should not beegarded as aarror. Not convinced? Well what
about opening pulldown menu, movingthe cursor very fast to the approximate position, pausing, then
correcting the position of the cursor uitils on the commangiou want: was that arerror? Itcost youtime,
and obviously you would prefer it in an ideal worlgi@iur cursor hadanded on the right commatigst time.

In the end how a measure is defined may not be a general objective issue, but may depend on the purpose
whole measurement study: the five levels are not wholly independent.

In fact nothing we have said so far tells you what measures will be useful: the schbme st described is
only a way of organisinthe spacef possiblealternatives. Howiseful ameasure islepends orow well it
matches theoverall purpose ofthe measuremergtudy (the report type). This degree ofmatch is an
independenproperty of ameasure imrelation to a particulastudy. A usefuldefinition of eror depends on
your aims, though in any cagewould besensible taask afew userswhattheyfeel counts as an error in the
situation you are studying. Another case is théugf descriptions. What istimately wanted bydesigners is
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descriptions of feasible modifications (e.g. "the commaaaeshould bechanged")although itmay be hard
to do better thadescriptions oBymptoms(“severalusers gblost while attempting tanovetext"). Either of
these might be categories or eventsgen ended descriptionsjsta separatessuewhether the investigator is
able to getevidence nojust of the existence of a prigm, but ofits cause andenceapproachpossible
modifications.

Summary of properties of measures
Type of unit: {Open-ended, events, category, ordinal, ratio scale}
Comparability: open-ended vs. the rest
Underlying thing to be measured: behaviour, knowledge, intention, attitudes, ...
Internal/external: measure internal (e.g. mental) state or behaviour or "attitudes” (internal estimates of
external factors)
Measure: machine, environment, or user
How well are you measuring what you really want to know?

Instruments (evel 2)
Above wediscussed nmasuresand theiralternativeproperties. In pringle any instrument could based to
take any measure, but in practicememake much bettesense than ot and we will note thesmain
applicatiors as eaclmstrument isdiscussed. Fomstance one couldse aguestionnaire t@sk users about
anything, but in practicegmple remember sa@rthings noch better than others, so they are much museful
in askingabout stable habits arattitudes, lhan about what someonewas thinking about ona particular
occasion.

Instruments, then, are ways of doing measuremenh#vatiargely evolved to achieveomeparticularpoint in

the space of alternatives already outlined, and also spte we outline below aetermined byproperties of
instruments themselves. They are nopriacticefully independent othe otherevels,and this is noted in the
sections discussing each instrument. In particular, as noted earlier, the experiment has many of the feature:
testing episode awell as of aninstrument. However inthis framework wediscuss them as if theyere
independent so that you can see what the logical alternatives are, even if some of them have little application.

We now discusssome propertiespecific to thelevel of instruments,before describingsevenalternative
instruments.

Internal or external surface measure
The underlyingthing being measurethay be internale.g. mental state) or externale.g. behaviour), but
independently of #t, the surfaceindication used tomeasure it may beither internal or external. Thus
instrumentsmay be dividednto whetherthey are internal — ways dsking the user — orexternal —
basically to do with obsering and recordingiserbehaviour. This choice is in prigiple independent of the
choice of underlying measure (though some combinations work thetteothers). For instangeu canask a
user about anything: about externadtters ofoehaviour (howoften haveyou usedhis command), or internal
ones (what are you trying tto now). Conversely besidesusing externalmethodsfor external measures (e.g.
use acamera torecord keystrokeslou can try toestimate internal attersfrom externalones: usedacial
expression tondicate feelingsuse the length ofa voluntary rest toestimate howtiring the user found the
previous task.

How the measure is made? (whose judgement)
Whose judgement or interpretation determines the recorded result or measure that is aimed at inferring an
underlying entity? There are basically three possibilities:
A device e.g. a stopwatch, store keystrokes in a file
An observer e.g. the investigator perceives a gesture, judges an intention
Each subject (user), when asked to reply to a question

Note that although at first the method seems to be determined by what is being measured (e.qg. if it is time th
use a stopwatch, if an intention then ask the user), in fact there is a large overlap of possible methods. For
instance, a user's past experience with computers is an objective fact which might be measured without
intervening human judgement, but in practice it's easiest to ask the user. Similarly you can ask someone wh
they are trying to do, or an observer may judge it (as when you see the cat with a paw in the goldfish bowl ar
infer that its intention is not to cool its feet), or even estimate it mechanically as burglar alarms do.
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Deviceshavethe judgemental criteribuilt in (e.g. electricalmeters omgas chromatographs) #e result of a
history ofresearch and debatetime literature. If observersare classifyingbehaviour, theryou need totrain
them and provide operational definitions of each category used, in a way comparable to devices.

Devising explicit judgement procedures.One way round the problems ofgettingobservers or subjects to
make reliable judgements is to make the judgement process more overt and mechRanigatance wenight
decide to judge whether a user iaavice orexpert by settinghem atest,and defining an expert as one who
scoresmore than50%. Strictly speakinghaving adevice (e.g. a stpwatch)make judgements gt involves
human judgement in two ways: someone btil$ toread thewatch,and theissue ofdefiningtime interms of
what a particular watch measuresaiwed boththeory and judgementHowever the gains large: watches are
easier to read than being trained to judgmee intervals oneself, and they make far more repeatable
measurements. The debates about timing were done onder afidand nowadaysure effectively frozeninto
instruments like watches and do not call for further discussion.

Becausesuch metersfor aspects ohuman thought anehaviour are mucless established, we are often
involved in developing them for specific purposes. Thus instead of asking people whethertheypert, we
might devise a standard test. In fact many measures insoiaething like this.For instance youmight want

to know how often people usecammandand use anonitoring systembuilt into theinterface torecordthis.

The problem is, some uses will be accidefgathaps through typing erros, the mouse slippinghile doing

a menu selection), so yawe not gettinghe measurgou really want. In general, observingeople's physical
actions is not a wholly reliable clue to their "actions" in the everyday sense, which also involve their intentions

Asking people dot of questionsaboutdetails,and putting together the final category judgememeself,
preferably by a fixed explicit algorithm, is a way arotimd kind of problem.The essentiablea, likebuilding
stopwatches, is to reduce the amount of comgase by case judgemeantfavour ofusing auniform method
for everycase. Thus using drained observer cdoe made more like device,and morereliable thanasking
each user to make a judgement separately.

There are twdasic ways otollectingmeasures oferbal outpufrom the user. Either one must provide the
userwith someway of making aresponse in a@irectly categorised oluantitativeway, such as aset of
response categories or a number; or allow a responsgural language, so thhe investigatocan categorise

it. Thefirst is usually done bgiving theuser boxes to tic or asking forquantitativeestimates irterms of
numbers. In the second, the investigator must develop a way of categorising different kinds of verbal reply.

This is the essential differenbetweenquestionnaire anthterviewtypes ofinstrumentand theissue ofwhat
the interviewer is prepared to do in the way of interagihabing. In both casabke goal of the investigator is
to be ablgo categorise theser's responsend then tocount these categorisedsponses. Typically then,
responses of emnge ofusers ineachcategory can b#éabulated,and calculationsmade toinfer underlying
entities shared by a population of users.

The issue is first thaEnglish is avaguelanguageand youmay need to chat quite a Wefore the user
understands what you aaéter. Secondlythe usermay nothave, asmental conceptshe categoriethatyour
theory is requiring you to use. In other words you will have to teach them new concepts; or else ask them &
of diagnostic questions in order to decide yourself what category they or their experience fit into.

Another alternative is to let the uspeak or write in nppromptedenglish. But therthe understanding burden
is on the investigator and again being able to discuss what waswmaifie sulpect is usuallyinvaluable. In
summary, either the investigator or theer can choosethe languagde.g. in questionnaires or open-ended
comments respectively). However two-way dialogues are much better than either alone.
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Issues in asking
If you askthe subject/user, then there &m® parts to thisssue. Onespect is the faors influencingtheir
judgement, basically influencing the access they will have at the time of the question to theimseainusness
and memories. The other aspecthis communication of the meaning of tpgestion andinswer categories
from questioner to subject. Questions should of course be tested to reduce ambiguity and lack OFfodgrity.
may then be aided by prompting: the kind of prompting used varies depending on the instrument.

Prompting
Promptingis importantfor two reasonsclarifying the question, and helping theser toremember. The
alternative kinds of prompt include:
No prompt (questionnaires)
Verbal prompting (semi-structured interviews with probes)
Reading
Behaviour i.e. subject does things (if an instrument is administered during interaction e.g. diaries)
Videotape (record a subject and ask them to think aloud later, while watching themselves on videotape)
Other users (as in a focus group).

Memory issues: do they know the answer?

Asking the user isthe "internal'method: oneof the two generalapproaches toneasurement. Whave just
discussed how to get the most out of questionsaasders, but even more fundamergdheissue ofwhether

the user knows the answer even if you ask the question in the best way. The first issue is that of accessibili
consciousness: is the underlying thing to be measured something we know about anyway? For instance w
not aware of many of the muscle movemevegsmake, nor of how we cegnisethings. A secondssue isthat

we may know some things yet be unable to recall the answer except in the right circumstances. It is well knc
for instance that recognition of something is usually much gasierecalling it in answeo a blank question.

For instance few people can write down all the commands on the menus of a prograsethegularlyyet if

given a checklist of the commands, they can recognise them and say whether they use them often.

The third issue is simply that some things are transient: forgegtgmuickly. You are unlikely tobe able to
remember the mouse movements yrade at your @anputer yesterdayet if you hadbeenasked athe time,
you would have been able to say what each one was for.

Retrospective vs. on the spot
One of the most important properties of an instrument is whether it is retrospective, or on the spbethiee.
subjects have to rely on theiremory, or whethethe neasuresre appliedo events at the time. As weave
seen, there ian importantclass of thingsvhich areaccessible t@wonsciousness, buthich weforget very
quickly: these arare thethingswhich it isimportant tohave an orthe spotinstrument to pickup. These
things are internal measures with a short typical time span; for instance, intentions, and interpretahahs: of
display means.

Costs
An important property of an instrumaathow much itcosts toapply, and theydiffer greatlyfrom each other
on this issue,which is of considerablepracticalimportance. In facthere are Xinds of cost (intime and
money) of applying the instrument:
Cost to the subject (user) e.g. time to fill in a questionnaire
Cost to the investigator e.g. time to design an interview
andthe time to carry out the interview with each subject.

Summary of properties of instruments
Whose judgement? {user, investigator, instrument}
Measured via a surface measure that is {internal (ask the user), or external (observe the user)}
Cost to investigator
Cost to each user
Retrospective or on the spot
Prompt type
Typical measure
Typical testing episode
Typical result calculation
Typical report goal

Instrument 1: Focus groups
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Primary function

The distinctivefeature of docus group ighat it is agroup setting, wherausers talk infree-form discussion
with each other more than with the investigator, whom thutlyumber. It maximises trehance othearing not
just what usersthink, but the waythey think: it aims teelicit associations andonnections thaare in fact
important to the userbut tendto getmissed byother methods because thae not obviously functional and
businesslike. Thus focus groupee intended to discovewhat might otherwise bemissedbecause it is
unsuspected. Focus groups can be used in three ways.

Thefirst is very early in the design, to baden the requirementdor a design, by discoveringshatgoals and
associations actual users have in this area.alsigpplement to task analysia:formal analysis ofwhattasks
usersactually orofficially perform. In a focusgroup, you can discover how they actualiyse the existing
system and what concerns are dbfumportant for theusers. lis thus anmportantalternative or supplement

to task analysis and the project requirements drawn up by managers. Y@edagus groupin this way for
studying a) existing user wants and tasks b) associated user thoughts and especially emotional connotatiot
what they want, and why they will erforming thosdasks c¢) How theyhink aboutthosetasks,which will
haveimplicationsfor how theyshould be asketb expressparameters to theystem e.gare theymoving
windows to fixed coordinate positisnor to "look right" d) prior userexperiencgconcepts of how-to). This

can be and should be done before any design or implementation, to provide basic data for the design.

The secondapplication offocus groups is as @debriefing sessiorgs an alternative ftlow-up after exposing
users to amnterface rathethan(or aswell as)interviewsand questionnairesA particularadvantage here, is
that it may bepossible taell subjectsthat theyhavefailed" with muchless hurt to tem, supported bytheir
peerswho are either in theame situation or in any cabave noparticularrespectfor the device. And one
user's remarks may prompt another into mentioning something which would otherwise be lost.

A third application is as aalternative toquestionnairegor measuringusers'affective and otherattitudes.

Whereagjuestionnairesire oftenstructured, or elsask operendedquestionswith limited ability to put the
user in the right frame of mind, focusogpsencourage andupportextendedexpressions ojudgements and
feelings. Itcanallow investigators to seewdly how usersbring non-computeexperiencesvith them: for

better or for worse. Designers who araware of this wilhever understanghy customersre avoiding their
work.

Basic idea

Get together an audio recorder, 4s@1s, and an invesatpr to lead theliscussion. Introduce dist of pre-set
topics one at ime, and failitate free discussion. A sessiamight last, say45 minutes. The mainaim is to
find out how people naturally think abotite topics, sahe method makesure that usersutnumber the
investigator (unlike any other method), and relies on chance remarks by one person to trigger others.

Method

Prepare the questions or topics (the "focus” of the graupg an audio recoed and bringdgether 4-6 users,
and aninvestigator tdead thediscussion. Introducethe list of pre-setopics) one at d@me, facilitate free
discussion including ensuring that everyone is heard, ensure that clarificatioiofadlabularyand concepts
used is made. The designer may wish to be present, or to listen to a recording later.

If it is pre-design, then the chief aim is to elicit the natural habitat gbriy@oseddevice, or ateast of existing
members of its species: how it is used. This breaks down into several distinct questions:

. Whatthe associated aims and feelings aieg. heéing controlsseem to baised byone person on
behalf of a whole household, so the gaaits not personagnd aretakenseriously(?like first aid kits and not
like VCRs). This isvital in that it is ameasure of thealueattached bysers tahe function performed: the
denominator of the all subsequent tradeoffs of cost.

. What are thetasksandtheir exactmental speafications thatusers perfornwith the device. E.g. do
people think of putting the heating on for 2 hours, or from 6:20 to 8:20, or from 18:20 to 20:20? Rarthey

it on "over lunchtime" or "from 12 to 2". Do they come in and want to be able to turn it on in one button pus
and then forget it? Do they really think of "I want it warm by 6:30" or "l want it to start warming at 5"7?

. What are thedevicesand associated methods and haffsboth thought andaction) that theusers
currently employ? This will affect what interface methods they recognise readily.
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If it is a post-trial debrief,beginwith refreshingtheir memoriesvith a demonstration and tellintpemhow it

really worked. Ask them what they feel abthé device, whether they woulde it etc. Try out probes on the
investigator'shypothess aboutthe sources of trdole observed. Gehem topropose moditations(e.g. on
paper) as another method of eliciting what they refailik was wrong, and whétte deviceshould reallyaim at

doing.

Analysis

There are two ways. A qualitatiemalysis notethe conceptshat emergeand evaluategheir implications for
the purpose. Usually less relevant,qaantitative analysiswould count orcollect instances ofparticular
concepts. To be meaningful, this would require that the group leadkeitaomparableamounts ofcomment
from each participant.
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Summary of properties

Whose judgement decides the data: It is conducted in theusers'terms; notdependent ortheir
understanding oihvestigatorstoncepts. And can beused todiscoverusers'conceptsand thewords
they use forthem. Thus: data is inuserterms and not distorted before recording. Teéres the
problem of translatingt into investigators' termgsomething to try taeensure inthe group),and of
comparing different groups.

Internal / external surface measure:internal — ask the user

Cost to each subject:the time for the session (say an hour).

Cost to theinvestigator: Preparatiortime. 1 hour runningeach groupplus time to organisegetting the
subjects there. Money for the subjects’ time. Analysis time.

Retrospective oron-the-spot?: Retrospective. (Hence notgood atcapturing behaviour; butgood for
measuring attitudes, affective stuff, persistent concepts, user vocabulary for concepts.)

Prompt type: Other users’ comments, investigator's general questions.

Typical measure Tasks and supertasks. Bugs mentioned.

Typical testing episodeCan't easily compare it to other groups in thatdiscussion willdevelopdifferently
in different groups, and may depend what gets raised byhe subjects However the topicsaised are
the same,and it would bepossible toapply a uniform coding scheme. Eaptal validity entirely
depends on the discussion. It can be used to elicit information on real situations of use.

Typical result calculation Count tasks or bugs mentioned.

Typical report goals Pre-design requirements capture; debriefing for bug detection.

Other remarks

It is the only one of these instrumentsuepeer interactiomndgroups. The advéages ofthis are that the
discussion will bemore natural thanvith the investigatorsand that subjectsnay pronpt eachother more
effectively thanhappens irsemi-structurednterviews. Theeffect isprobably somethingke: when asingle

subject talks to amvestigator, hey select their utterances to fit with formal ideas about 8k objective

aspects othe interfacepeingbusinesdike. Whentalking to peerssubjectsselectwhat theysay for being
recognisable (understandable) their peers: so commosituations, feelingsanecdotegomeout. Weneed

this because subjects' ideaswdfat isformally relevantare probably nota goodguide toreal relevance, and
because whether and how people choose tdemgees in real life iprobablyinfluenced bythings otherthan

"formal” factors.

Listening to others talking mdye valuable ot justfor setting a different tonén&n the investigatagasily can,
and not just because ooser's renarksmay act as prompt omprobe and tgger anotheuser; but also just
because it takes time without boredom and yet staying osutiject for memorieand associations to surface
— groups talking can do this.

Example of prompt sheet for leader of a focus group
Focus group on personal organizers : points to cover
Usage now of diary, alarm, address book, notebook, etc. including where carried and how often used.
Problems with the current means of doing these functions
Extras that could be included by a computer based device
What one would ideally prefer such a device to be like
*  What are the snags?
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Instrument 2. Think-aloud protocol

Primary function

The main function of this method is to allow rapid and immediate qualitative feedback frasetiadoutwhat
it is like to use the interface. Itis the closast can get to a windowwto the mind of thauser. It isrelated to
simply observing user behaviour (without askimgm to think aloud). Ithe investigatohasparticularissues
in mind, they may ask specific probe questions in which ttesenethod becomesmilar to a semstructured
interview conducted wihthe task at hand. Incident diariesmay beused as aralternative, toinvestigate
infrequent events.

Basic idea
This method involes asking colleaguesfriends, and then, more especially,people from the potentialuser
population to use the interface. While doing so, the user says whatever comes into their mind.

Method
Sit with the user so that you can see the interface and the user's actions.

Introduction.Say that the interface, system etc. is being developed, or evaluated, and it would be of great hel
the user could use it, and while doing so to say what s/he is aimingwhe®s/he getsstuck,what problems

arise — infact everything thatomes tomind whenusingthe interfaceSay that youwant mainly to listen,
rather than to give advice at this stage, because it is important that the interface can be used by people witho
advisor present.

Think aloud protocols consist of observing a user inteviabta system while encouragitigem tothink aloud:
to say what they arthinking and wondering atach moment. Thegre a simplextension ofthe most basic
method of observationjust watching usrs. Youcan see #ot by just watching, butwhenusershesitate you
cannot often tell why, so having them tell you is very informative. Similarly when they covhatiyou seeas
an error, you need to know why, and they can tell you.

Although you can telivhat people aredoing andwhy while they are performing asyou wauld, when they do
something unexpected onilgey cantell you whattheir intentionis; when theyare puzzledusually onlythey
can tell you what the puzzie whenthey choosethe wrong menutem, only theycantell you why it seemed
the most likely to them.

People can in practice only tell you abeutat the arethinking for thoughts thatake an appreciabkime —
such as puzzling about something. They cannot tell you akoutast mentalprocesses — e.g. touch typists
cannotsay anythingvery usefulabouthow they decide whickingers tomove, orwhy they sometimesake
errors. But people can withlittle encouragemertalk aboutsome ofthe things mosimportant todesigners:
what seemsobvious orobscure orthe screenwhat userswant to do at garticular point, and so on. The
advantage of having them tadtoud as theyact, is hat peoplequickly forget almostall the details of little
puzzles and errorso asking hem afterwards inquestionnaires ointerviews will miss all excet the most
painful experiences. In fact in many cases, a newdag= not know they araaking an erroat thetime, even
though this may be painfully obvious to @loserver, so livebservation gathenmsiore,and more valuablejata.
Think-aloud protocols can be done on any kind of user at any time. However they are most often done on |
users, because problems typically come very frequégly, so that it isvorth the observatiotime. Also, as
users become more experientegely understand more @fhat ishappeningand are mordikely to beable to
make a detailed report later.

To gather a think-aloud protocol, the basics angllang subject,sitting down at thesystem and a pad take
notes. Then let them begin. Recordsaund orvideo hasthe advantage of lalving you to goover the tape
later to observe more details, to getshbject to discusswtith you. Thebiggestadvantage howevenay well
be in communicating with the designers: a video tdpesers having problemsagsnvincing as nothinglse is
when arguing for changes to a system.

You need to get the subject at ease in talking aloud. The first thing to do is to wleke tihat it is theystem
not the user who is being tested and criticised. Say that your aim is to build a system that will lehavey@ne
trouble fredime, andyou want tohear aboueven momentarpuzzles angroblems. The secondthing is to
apologise in advance for being there chattysituation butrefusing (as you should) give themany useful
help even when they ask for ithis isunnatural, bu{as you shouldell the subject)you need to se&hether
they find an answer to their difficulties themselves, or whether the problem turns out to be a big one.

This is not a rigid rule: it is just th#te moreyou relp subjects byanswering theiguestions ogiving them
hints, the less you find out about how the system performs for users withadiisersitting there. It ishard
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to resist your normal impulse to be helpful, but mostly you shdd@vever if theyget totally stuckyou may
decide that you will learn more from the session by giving thdmt so they can ggbing again (make a note

of the hint, whichobviously theinterfaceshouldhaveprovideditself). Again, if you havealready decided to
change the system to provide some bit of information, you might decide to give it verbally to the user in order
simulate what the system will be like.

As thesession proceeds, you shotdel freeto prompt them to do morhinking aloud,and to askspecific
guestions e.gheylook puzzled angauseandyou might askwhat theyare wondering abougndwhat it is
they want to find avay todo. There isnothing wrongwith you sayingquite a bit —this helps tadevelop a
chatty and informal atmosphere — you just have to do itviayawherethe sioject talksabout theirthoughts
and opinions, but you do not mention yopinions or knowledge dhe interface. You shouldhowevershow
your very real interest in their thoughts.

Think-aloudprotocolsare open ended andon-directive — thRy aremostly for finding bugs, not answering
predetermined questions. As open-endedsuores, they arbetter tlan interviewsbecause theprobe during
not after the event. They aabout recording problen{symptoms), nohow to change thdesign: thusthey
need later interpretation by designers. Thus intervieight be used task abouproblemsencountereavhen
the subject was not observed; we neeakiabout problemsluring observation. Wecan ask the subject's
views on what to change, although this is unlikely to be useful except as amayhter indicateareas thahave
a problem, or to tell about new functions needed (only users can tell about goals).

Recording.Your main task will be to jot down what happens. This may be helped by a structured data sheet.
We will provide one that has some categories to observe, and that can be used as prompts. Note taking is
important even if you are tape-recording the session. Minimally an investigator sits beside her at the interface
making notes. More elaborately the sessions can be video or audio recorded for later analysis, and keyboar
strokes can also be recorded. The more elaborate methods are not typically necessary however, in most
applications. Rather the interface should be offered to several users until basic problems are discovered.

Prompts.Particularly if the user stops talking, a®®&hat are you thinkinghow?", "What areyou trying to do
there?", "Why did you do that?" and so on.

Hints. The method is entirely informal, with no fixpdocedures. It depentiggely on yousskill in creating an
informal atmosphere, free of any suggestion that the user is being tested, or evaluated.

Analysis.The analysis of these protocols is in termshef contenbf the commentary of specifiepisodes of
action by the user, so-called t¢ent analysis.Contentanalysis meanassigning nairally occurringutterances
to categories. E.g, for each episode: Is it obvious to thensdigoals s/hemight have withthe system? How
does s/he form a plda achieveeach goal®henimplementing glan, is whahappensxpected? Hovdoes
the user recover from unexpected events?

All this can, however, bedone informally, assisted bynote-taking data sheets laid outwith headings.
Quantitative content analysis is usually best done from recordings.

Variations

Question-answering protocolShis alternative has beenused with subjectswho are shy, or who might
otherwise be reluctant to spdaleir thoughtsaloud. Herethe user askghe interviewerhow to do this, that or
the other. The interviewertherebygains asense ofwvhat is obvious fromthe interfaceand what is not. The
disadvantage of this is that the essentially passive role ogénrgand the dirdon by the inerviewer,prevents
some some of the bugs that a lone user will discover from being encountered.

Constructive interaction protocol$hese require two people to work out together how to use the intexitice,
the interviewerlistening in.Again, the conversation tha&mergeswill be informative about thefeatures of the
interface that are misleading or unhelpful.

Do it yourselfevaluation.This method is importanivhenyou want to evaluate productfor yourself, rather
than primarily toconsult orobserve other userdt is usually important tohave aset of featres, goals,
guidelines etc. to watch out for.

Logging speederrors, andother performanceneasureslt is hard tomakeany usefulevaluation without
using either think aloud protocols or semi-structured interviews. In either case, the psychological measurem
can often be enhanced ifeth areaccompanied bperformancaneasures of vasuskinds, for instance from
logging keystrokes of a session, or video recording the screen.But whereas think-aloud protocols are helpfu
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their own, logging or recording sessions is not very much help without dataabout theuser'sgoals, plans,
thoughts etc.

Behaviour ObservationWatch (either via video dive) the activity ofusers, butvithout interactingwith them
or requiring them to talk aloud. What they do can be categorised and counted.

Analysis
A list of symptoms, plus your interpretations of these especially as you begin to see sinbktitessusers's
problems.
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Summary of properties
Whose judgement? investigator, or behavioural measures too.
Internal / external surface measureBoth — ask the user and observe the user
Cost to investigator The same, repeated for each subject. Expensive.
Cost to each userThe length of the sessions: 10 min to hours
Retrospective or on the spot On the spot.
Prompt type: Investigator; and events with the machine.

Typical measure Bug descriptions (open ended). Both behaviour and intention.

Typical testing episode Just apply this instrument. May set specific tasks, olBath Field study and lab.
study, but never very controlled since the task is at best weakly specified, and the probes and reminde
to think aloud will vary widely with different subjects.

Typical result calculation Count frequency and cost of bugs.

Typical report goal Debugging an interface
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Instrument 3. Incident diary

Primary function

The main function of this method is to provide the user with a simple means of recording examples of events
interest to the investigator, but without the necessity for an interviewer to be present. It is thus an alternative t
think aloud protocols, which can be used for acquiring information about relatively low frequency events that
might occur after the main, high-frequency bugs have been eliminated.

Basic idea

The basic idea, at the abstract level, is to have an instrument that is an on the spot questionnaire (not a
retrospective one). Thus it is mainly targeted at measures that are of transient and forgettable, rather than st
items; events, thoughts, and emotional reactions, rather than attitudes and degrees of familiarity. It is always
recorder of events, and may or may not additionally record some of the attributes of those events. Thus thel
a range of functions for it: from just event (frequency) recorders, to complicated open ended descriptions of
the events (recorded as soon as possible afterwards). Two fairly extreme examples: 1) a pilot writing an
accident report (high motivation, lots of detail, rare event) 2) A user recording how often they do some action
and perhaps why they did it: an alternative to a checklist. User motivation and memory for doing it is the ke
problem, and depends on the combination of frequency, the cost of filling in each entry, and the importance «
the diary to the user.

The basic idea of this method is to provide the user with structured forms on which s/he can record what
happens when certain kinds of event occur. One such event of fundamental importance to the designer or th
documentation writer is the user getting stuck. The example diary which you will administer in this course is
about what happens at these points.

Method
The investigator has two main problems.

A. Designing the diaryThe following steps will give a guide
i. Define what events you want the user to pay attention to
ii. Give at least one example
iii. Lay out the diary in an easy to read mannethabs/he can fill it iwith a minimumof thought,
and taking a minimum of time. (Giving the users too much to do will mean that they will not fill the
diary in at all! Users are reluctant to interrupt their ongoing plans.)
iv. Ask the user to estimate how accurate s/he has been in completing the diary

B. Getting the user to fill in the diaryl he investigator often has to be careful to ensure that the user knows
what events s/he is being asked to record. This may require some training, and is often best done by promp
the user during the first few episodes if this is at all possible.

Advantages

The important advantages with a diary are that once the user has taken on the task of completing it, informat
can be collected very cheaply, and without further investigator intervention. One kind of diary that is very
helpful, for instance, asks users to record what they do when they get stuck for any reason, or have to const
source of help.

However, although diaries may ask open ended questions, they are usually only useful with focussed questi
Thus it is rather a controlled measure, good only for pursuing relatively specific questions.

Variation
A variation of asking users to record a specific kind of event, like getting stuck, is to ask users to give structul
reports on new interfaces. Many companies have a small group of customers who will provide them with
feedback in this way, before a product is released more generally. Other even less formal versions of this
involve having complaints departments, logging user phone queries and so on. Though such methods can ¢
be helpful, two cautions need to be observed:
i. data collected in these ways, from special or self-selected groups of users, may be unrepresentative
users in general
ii. though complaints, phone queries, etc. can generate very specific suggestions, it is seldom the cas
that users will know what to do about the problem — in other words these suggestions need to be
treated as species of measurement, not as things to control a design or decision process.



Nov 2002 16

Analysis

Depends on the measures used. For events and times, simple numerical summaries. For a diary on the sc
of help, compile a comparative table showing comparative use. For open-ended questions, as for think-alou
you will report the symptoms plus your interpretations.

Bibliography
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Summary of properties

Whose judgement? Subject's, but after training for non-behavioural data.

Internal / external surface measure:nternal — ask the user

Cost to investigator Small: but if training is needed, may have to attend for a while.

Cost to each userOnly 5-60 seconds per entry.

Retrospective or on the spotOn the spot if the subjects remember (but in practice often filled in some time
later).

Prompt type: The diary, events.

Typical measure Event counts, category questions

Typical testing episode Long time periods, just this instrument applied alone, no set tasks: field study
conditions.

Typical result calculation Frequency counts.

Typical report goal Debugging an interface

Problem: Getting subjects to remember to fill it in.
Advantage: Capturing observations in rare and hard to get at situations.

Example: Diary of getting stuck
[Front sheet]

Surname Date
Forename

Please fill in a page of the diary whenever a Problem occurs

Definition of a “Problem”. Whenever you have to break off what you are doing to consult one of the
following sources of help, we will call this a “Problem”.

Sources of Help:
Sought on-screen Help
Consulted manual
Asked other user
Consulted notes
Watched other user
Asked advisor
Other source of Help

Please record the first five problems that you encounter, by filling in a separate page for each.
After that, please answer these questions:
Did you remember to fill in a sheet for every problem? For what % of problems did you forget?
Did you remember to fill in the sheet at the time the problem occurred, or later? How long after the problem
average?
<Then on separate pages, come copies of the diary form:>

[Incident sheet]

1. At what time did the problem occur ...............
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2. How was the problem triggered? (Please tick one.)
Unhelpful screen message
Other unexpected event
Need to know something to carry on
Curiosity
Other

3. Which of the following Help facilities did you try first? (Please tick one, and say how long it was until you
got the information, including the time spent using the resource.)

On-screen help, including menus Minutes till help obtained? ..........
Manual Minutes till help obtained? ...............
Asked other user Minutes till help obtained? ...............
Watched other user Minutes till help obtained? ...............
Asked Duty Advisor Minutes till help obtained? ...............
Other Minutes till help obtained? ...............

4. Did the information you got resolve your problem? (Please tick one.)
Yes, completely Yes, partly No

5. Which of the following statements best describes how much you knew before you started to try and sol
your problem? (Please tick one.)

Had no idea where to start looking for a solution

Knew in general where to start looking, e.g. a chapter in the manual

Knew facility existed but not its name

Knew name of facility but not how to use it

Knew how to call facility but not how to tell if it worked correctly

Other (Please SPecCify) ......ccoeeiiiiiiiiiiiieeeeeee e
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Instrument 4. Feature checklist

Primary function

The man function of thismethod is tadiscover whichfeaturesare actually used by users. Areat deal of
effort goes into the construction of nésatures. Littleeffort asyet goesinto determiningwhich areused and
by whom. Samefeatures simply serve to make thgystemmore cumbersomeandthis canhave asubstantial
effect in putting off people who arattempting to learn theystem. Moregenerally, we caruse feature
checklists to help find outvhy featuresare unused: e.gbecause a command isiknown, because it is
unnecessary, becausaldes notperformthe functionsthe userneeds, etc. Swe want to ask aboutusage,
knowledge, need, and sources of information.

The main alternativeinstrument isautomaticlogging bythe system of command usage. If thisaigilable it
should be used in combination. Logging does not rely on users' memories; but it recousaga/ynot need
or knowledge i.e. you cannot conclude that a user does not know a command pecaisaotobserve their
using it duringsome period. Logging also recordscidentaluses (e.g. tyipg slips) which are potentially
misleading.

Basic idea

The idea is tchave a checklist of allhe features of asystem, andesponsecategories indicatingisage,
knowledge, need, and sources of information. If there are short cuts e.g. keyboard command equivalents or
Macintosh, ask about knowledge of these as well for each command.

Checklistsare simpldists askingwhat a sibject knowsabout something e.g. a list all thecommands in a
system. Since all the subject has to do for eachigéoncheck a box, thegre very quicko fill in even ifthey
contain many items.They are arexample ofmeasuringvhat subjectsknow or do by relying on their own
memory andview of themselves.This is normally accuratgfor rememberingvhether theyknow a command
and howfrequently theyuseit. It is unlikely to be accuratéor whether theyhave eveexecuted a command
accidentally or as an experiment while searching for some other function.

The most common application is to detect commands that are seldom or never used. When such commanc
found, designersieed to knowwhether the command is not in facteful to users, owhether the interface
(including documentation) has failed to alert users to its presence, or to allow them to discover how to use it.

Thus wewant to dscover whether a command isefis, whetheiit is known byname, or ateast known of.

(Frequent) use of a command implies all three, but laclsefrequiresnore detailedquestioning. To address

this, an elaborate checklist might contain tme for every command deature of a system; aridr each, ask
whether the user suspects the command's existence, knows how to execute it, thinks it would basuseéul,
used it, and how frequently.

Method
Design and pilot the checklist, and distribiifgoreferably topeople whohaveusedthe system for soméme.
New users may not know the names of various features, and their usage will not have settled into a pattern.

Usage: The man issue topay attention to is taskpeople togive specific quantitative estimate&.g. "How
many times did you perform&aveeach hour during the last day whau were were worgrocessing?" Not:
"Do you save, infrequently, sometimes, often...". Remember that user's memories are fallible, so legveot to
too long between performance and filling in a checklist.

Check for knowledgeFor each command — ask if user: suspects/exfiedtsuch a comamd exists, ithey
know it exists, if theyhave evemsedit. An issuehere is whetheto describethe function or name the
command or both.

Checkfor need: You canaskwhether theyeverneed thisunction,and current frequency ofeed,and their
view of how this corresponds to actual use e.g. ¥Dat proportion ofthe times when it would beseful did
you invoke it?"

Check for sources of informatior¥.ou can also ak themto namethe people they ammostlikely to chatwith
about, or comment ogommands and features of thigerface. See ifyou can identify social clumps of
usage/knowledge by correlating knowledge as measured by the checklist with these links between names.



Nov 2002 19

Analysis
You will have data on: totalumber ofcommandswhich known,neededused,and perhapghe source of the
knowledge.

Known - Needed -> info. flood i.e. danger of distracting user with useless commands.

Needed - known -> info. delivery problem i.e. users haven't discovered commands they need
(Needed & known but not used -> reminding problem: users don't remember at the right moment.)
Total - Need (or Total - Used) ->too many features?

Bibliography See questionnaire bibliography

Summary of properties
Whose judgement?user's
Internal / external surface measureinternal — ask the user
Cost to investigator cheap: the time to adapt the standard questions, copy in the list of commands,
duplicate and handout the checklist.
Cost to each user2-15 minutes
Retrospective or on the spotretrospective

Typical measure Category

Typical testing episodeJust this instrument

Typical result calculation See above: compare the answers in different columns for a single item
(command) and a single user.

Typical report goals Market survey, background information in fixing bugs, requirements capture for next
version of software
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Example:

System 7 Finder Checklist
This checkilist is inquiring about the commands in
Macintosh system 7 Finder: which are needed, which
used, which known to exist. Down the left hand side
are the names of the commands. Each column
represents a separate question, explained at length
here. Fill in each box with a number or a tick
representing your answer to the question for the
command on that line.

Q1. Did you know this command existed?
(Knowledge) Tick for yes

Q2. How often do you have any need for the
command? Need)

Even if you have never used it, estimate how often it
would be useful if you did.

O=not needed

1=needed less than once a week

2=once a day or less

3=once an hour or less

4=every 10 minutes

5=more often

Q3. How often do you actually use the command?
(Use)

O=not used

1=used less than once a week

2=once a day or less

3=once an hour or less

4=every 10 minutes

5=more often

Down the left hand side of this page is a reduced version of the checklist: it should be twic:
this size to be convenient for users to fill in.



Nov 2002 21
Instrument 5.  Questionnaire

Primary function

To assess neferences and pleasureusing aninterface, tagknowledge,askabout thesense oftompetence,
where there are large numbers of users and the investigaits a method that is cheaptime and and other
resources, and needs only relatively coarse results.

Any question may be asked, but it turnsthat questionnaires are basiited for the abovekinds of question.
Focus groups may be used foiuller probeinto suchattitudes. The maialternative orsupplement is semi-
structured interviews; where possible it is oftegoadidea todebugthe questionnaire by administering it as
an interview.

Basic idea

Questionnaires provide a quick and easy way of allowing to the user to respond to pre-packed items in the f
of questions, or statements to agree or disagree with. This is the clveapesgatheringinformation, but the
information is correspondingly limited, and suitable only for some kinds of application.ti@geestionnaire

is designed it can be used in large numbers, without the presence of the investigator.

Method
The basic method of questionnaires is to make each item simple and without ambiguity.

Two thingshave to balesignedthe questions andhe response scales. Fany one questionnaire form it is
usually best to keep the format of the questions and the response scales standard.

Questions can be about anything. But they must be simpiesompound ideas or clses joined by atand”
or an "or". Otherwise the responses become uninterpretaideofit theotherhand, acceptable task a series
of closdy relatedsimple questions —indeed this ighe method tht experiencegsychometriciansise. They
can then check statisticallpyer the responses of aet of subjects, to see how mueach ofthe simpler
guestions typically contributes to a more complex underlying entity.

As to response scales, these can vary from simple yes/no category responses to an analogue scales, e.g. a
line, with anchor points aeachend. An "anchor point” is a&erbal descriptionindicating to thesubjects a
defined point on a scale. Verbal anchor points are usually necéssewvery kind of scaleAn example of the
lowest point on a scale of preference is: "The worst | have ever experienced".

Typically a scalewith three,four or five responsecategories is adequatd?sychologistshave found that for
most purposes increasing the number of points scakebeyondsevendoes noincreaseaccuracy, so if you
use more response categories than that, remember that the margin of error is likely to be at least 15%.

If you are making a scale with two extremes and a midpoint (a bipcdée),e.g. fromthe least to thenost of
something, make the scale symmetrical and have an odd number of response categoneslivdéfimed mid
point. E.g. dive point scaleasking subjects to agg or disagreewith a statemenimight havethe response
categories:

strongly disagree | disagree | don't know | agree | strongly agree.

Unipolar scales,e.g. going from "not aall" to "every time", need nothave anodd number ofresponse
categories.

Analysis

Take simple summary statisticsedichresponse: mean, min, maxstandarddeviation. Perhaps aneasure of
skew. Depending othe set ofquestions, furtlr statistical analysismay be possiblee.g. comparing the
responses of different age groups. Complex questionnaires are often analysed using sophisticated statistic

Bibliography

Brynner, J. & Stribley, K.M. (197%ocial research: principles and procedurdsongman.

This is an edited set of articles for social science students on many aspects of research design. It includes
articles on how to word questionnaires, virtues of checklists versus questionnaires etc.

Coolican,H. (1994)Research methods and statistics in psychology (Hodder & Stoughton: London)

Oppenheim A.N. (1966Questionnaire design and attitude measuremétfginemann.
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For references on statistics, see the section on experiments as an instrument.

Summary of properties
Whose judgement?User's
Internal / external surface measure:nternal — ask the user
Cost to investigator Small: only takes a few seconds to send out each copy. But designing and piloting a
guestionnaire may take a long time. Sitill, the cost per subject for large samples is still small.
Cost to each userUsually small, but possibly up to an hour for large questionnaires.
Retrospective or on the spotRetrospective

Typical measure Ordinal or category measure of attitude

Typical testing episode May be combined with any other instrument

Typical result calculation Summarise responses across subjects using statistics

Typical report goal Any

Problem: low response rates unless administered verbally; and hence problems of sample bias.

Example: Word Processing guestionnaire

1. How confident are you that you could write a letter using Word with an impressive and business-like
appearance?

Circle one number on the scale below to indicate your confidence:

Extremely Extremely
unconfident  0-1-2-3-4-5-6 confident

2. How confident are you that you could write a letter using your ordinary handwriting with an impressive an
business-like appearance?

Circle one number on the scale below to indicate your confidence:
Extremely Extremely
unconfident 0-1-2-3-4-5-6 confident
3. Are you content with way the Apples on the 5th floor are maintained?
Circle one number on the scale below:

Very Very
unhappy  0-1-2-3-4-5-6  happy

4. How long an extension if any should be allowed in project deadlines?

Circle one of the following:
None - a few hours - a few days - a few weeks - no deadline
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Instrument 6. Semi-structured interview

Primary function

The semi-structurednterview has beome oneof the most importantmethods in gcial science. lproduces
guantitative data dar higherquality for mostpurposes thaguestionnaires. This occulbecause/ou can go
on talking to the subject in whater wayseemsatural andelevantuntil you aresure s/he understanddat

you mean, andntil you aresurethats/he has dier toldyou whatyou want to know, in dorm that you can
categorise accurately, or that the person does not have the information you want.

At the same time, because udaik directly about their experienedgth the interfacethe investigator can get a
good qualitativesense ofwvhat itis like for them,sometimes almost agpod ascan be obtainefrom think-
aloud protocols, though obviously the results will be affected by forgetting, and elaborations, in ways that thir
aloud methodsare not.  Alermatives then, are questionnaires antbcus goups forinvestigatingrelatively
permanent attitudes and issues; and think alouds for specific events and problems.

Basic idea

A fully structuredinterview is one where theinterviewer speaksonly afixed script: essentially apoken
guestionnaire. An unstructured interview is open-ended, so that the responses are not comparable to each
The semi-structurednterview hasfixed (structured) topics andltimate responsecategories, buthe actual
words used by both interviewer and subject are flexible.

The basic idea is:

i. to condwct interviews in whichyou havefixed theagenda, withpreset categories aesponse that yowiill

score for, with ready rehearsed probes to remind the subject of important things to consider,

ii. to be open-minded, talking without a script until you can categorise the subjects response accurately, and
with a view to recording the unexpected.

Method

At the samdime asbeinginformal, theinterviewermust becareful not toput wordsinto the subject's mouth.
Interviewing is askill which needstraining andpractice. Affirst it is best tataperecordinterviews,and have
them listened to by people experienced in interviewing.

An interview schedule is made up of four components.
(a) the questions, in forms of words that you will ask the subject
(b) sets of probes
(c) sets of response categories
(d) boxes for scores, which are typically categories of response, or quantitative estimates

Interviews invariably need piloting and practising befpoe go tothe users youare most intereted in.And if
there will be more than one intewer, there will need to be trainingand standardisation among the
interviewers.

The aim is to try tget either quantitativeneasurege.g. how long,how often) orbehavioural indices, dvoth.
These could be donaith questionnaires, but the probleheh of whetheeach suject is applying the same
standards often prevents useful conclusions from being drawn.

Analysis
As for questionnaires.

Bibliography
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Examination (PSE)"_Psychological medicine vol.7 517-523.
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Ignore the psychiatric content, but attend to the method.

Draper,S.W. & Anderson, A.(1991) "The significance of dialogue in learning and observing learning"

Computers and Educatiorvol.17 no.1 pp.93-107.
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Summary of properties
Whose judgement?investigator
Internal / external surface measure:nternal — ask the user
Cost to investigator A few minutes up to an hour for each subject: expensive.
Cost to each user A few minutes up to an hour.
Retrospective or on the spotretrospective
Prompt type: Investigator's dynamic judgement about how to prompt
Typical measure Ordinal or category measure of attitude
Typical testing episode May be combined with any other instrument
Typical result calculation Summarise responses across subjects using statistics
Typical report goal Any

Example of a semi-structured interview
1. How confident are you that you could write a letter using Clarisworks with a business-like appearance?

Probes Categories Score
What will they think at a glance? Couldn't do it at all 0
Will it look professional? 1
would not look good 2
3
words OK, some details of format poor 4
5
Could make it perfect 6

2. How confident are you that you could write a letter using your ordinary handwriting with an impressive an
business-like appearance?

Probes Categories Score
What will they think at a glance? Couldn't do it at all 0
Will it look professional? would not look good 2
words OK, some details poor 4
Could make it perfect 6

3. Are you content with way the Apples on the fioor are maintained?

Probes Categories: frequency Score
Does the system work well? Something almost always wrong 0
Long delays? Goes wrong >50% of the time 1
No apparent response? Goes wragbf% of the time 2

3

Categories: type of complaint 4
No-one to help Things went wrong only 1 or 2 times 5
People unhelpful Perfect 6

Takes too long to get anything fixed
Very good service

4. How long an extension, if any, should be allowed in project deadlines?
Probes Categories Score
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What if you'reill? None 0
Extensions just mean you tp24 hours 1
won't keep up with other work? up to 1 week 2
up to 1 month 3
No deadline = Till exam time 4

Instrument 7. Experiment

Primary function

We often want to measuspme aspeatf performancewnith auser, or smalgroup of users. Wenight then
also want to see whether this measurensessociated witsomeparticular aspect ahe interfacee.g. speed
and errors for doing an operation the same if the relevant information is presented in this way or that.

Secondly wanight wish todiscover whetheone system ifetter than another, or thaomebaseline, on a
particular quantitative dimension. Thgethod carbe contrasteavith think aloud protocolswhereone gets a
great deabf information from a singleuser, but athe samedime can bevery influenced by theparticular
characteristics of that user, who may notypécal. Theexperiment isa searchfor objective masures tat are
typical of an interface design, independent of biaséseahvestigator or idiosyncrasiestheparticularpeople
who are sampled as users.

Basic idea

Since there isnevitable variabilitybetweenusers there islimited point in carefulquantitativemeasurement of
the performance of any single one. Usually we need several. From the several performances wernadoulate
scores for garticular type oluser. Eventhen if wemeasure theneanfor a group ofsubjectsusing one
interface designand compare iwith the meanusing another design, we wilprobably notknow intuitively
whether the difference is large enough to rely on.

The idea ofdoing an experimental trial, therefore, is to dwmi the experimentalconditions, make the
measurementsand using significancetestscalculate theprobability that any difference we observe can be
attributed tofeatures othe interface theisershaveused, and isiot just due to extraneodctors,individual
characteristics of users, measurement errors, or other uncontrolled factors.

Caution

Thoughexperiment is thenostfavoured methoaf experimentalpsychologists, athe ultimategenerator of
reliable quantitative knowledgets useis restricted. Itis only worth doing if a small number of reliably
measurablevariables is relevangnd when there is aeasonablechance ofsuperiority of one system over
another as measured by these variables.

Experiments are good at generating factsdrafree of speculaticend bias. With the right sKis is possible
to measure aspect§ human performanceguite accurately —e.g. dopeople readscreens fastewith text
displayed in thigypeface or thabne,does thignterface feature produce moeerors ofsome kind, tharhat
one.

The reasonexperimentsare notrelevant tomostevaluationproblems is thathere isnothing in experimental
method which tells one which facts will be important. This is particularly problemati€irbecause there are
thousands of "facts”, thousands of quantitative comparisons, that could be generated for any interfatak. It is
to establish, before doing any controlled experiments, whabotinéant factors are, and titiannot be done by
experiments themselves. If this is mlone, then theesultswill be true butwholly unimportant, as in normal
(i.e. uncontrolled, non-laboratory) situations, the effémisid will be much smallethan,and so swamped by,
other factors. Landaudf987) attributesto this the failure of academic cognitivgosychology tomake a
theoretical impact on HCI.

Otherdrawbacksare adfollows. Firstthe methodwill only allow discriminationbetween likeand like, e.g.
comparisons within somlecal region. It isnot usuallygood for multivariablecomparisons.Secondly such
comparisons only tell one whether a reliable difference between the systems tested exists or not, they do no
whether this difference is important, or whether its sBieans much. Thexperiment is expensive time and
other resources. It alsoequiresthe development of aonsiderable array oskills on the part of the
investigator. It reqgues intuitions aboutwhether this particular measuremerdand comparison will be
informative.
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In the end, though, it is only by properly designed experimental comparisons of this kind, tbaih sae this
feature is better thatat. Inthe endalso, it isonly by using experimentaimethods that issues abowhat
actually causes what can finally be settled.

Method
Two basic types of measure pérformance argypically useful,those based otime, and those based on the
number or errors in a performance (or conversely number of items correctly performed).

Assignment of users to groups.The simplestexperiment ione inwhich there argust two conditions. Al
analyses okxperiments rely orthe avery careful asignment ofsubjects toconditions, which must be
effectively random: not haphazard, but mathematically random.

Since we humans have very poor intuitiabsut randomness, andnnotgenerataandomsequencethe only
way of conducting a random assignment to conditions is to usachanical meangyssing goenny,referring
to a book of tables of random numbers, generating a pseudo-random sequence with a computer algorithm..

Pilot experimentsand planning. Experiments do not worlwvell without carefulplanning. To conduct an
experiment without having plannedatd practised itintil it goes like clocwork is acomplete waste dime.
One mustest and refineachsub-procedure on subjeatdho will not themselves be in the main experiment.
Then a dress-rehearsal is needed of the whole procedure to see that all the parts fit together.

Analysis
Can be sophisticated and statistical, since an experiment allows detailed comparisons.
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Summary of properties
Whose judgement?instrument maker (e.g. stopwatch)), or investigator.
Internal / external surface measure:Mainly external — observe the user
Cost to investigator Often 1-3 hours for each batch of subjects. Plus a lot of piloting.
Cost to each userOften 1-3 hours.
Retrospective or on the spot On the spot
Prompt type: Hopefully, only carefully controlled experimental instructions

Typical measure Usually pre-determined fixed, behavioural measures e.g. time, number of errors. But can
also do e.g. an interview for non-behavioural and/or open-ended measures.

Typical testing episode An experiments a testing episode in effect

Typical result calculation Sttistical

Typical report goal To compare two things

Problem: designing an experiment that is relevant to the real issues.

Advantage: potential for reliable quantified generalisations across users.
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Comparing instruments: how they merge into each other

Think-aloud protocolscan merge intd&SSls (semi-structurednterviews) and experimentand field studies.
They may be entirelppenended, butasthe investigatobhecomes moréocussed in trackinglown some
particular problem, so they m4¥) set adefinite task in order teelicit the problemquicker — this makes it
more like an experiment(2) ask probing questionsith some focus, thusaking it more like arinterview.
Thinkaloudsobservethe task with verbalextra data;while SSIs userecall with the machineand task as an
optional aid to prompt recall. (3) Anothariable is the degre# naturalness the conditions. Thids partly
aboutwhattasksare set (are thejst thosethatthis subject and/atypical subjectswould bedoing in their
work?). But it is also abouwthether thestudy isdone atthe subjects’ wikplace (on their terminal, intheir
office), or not; and whether the investigator waits to observiaske that are part of thgob, or whether they
are doing it as anextra activity. Completenaturalness makes i field study, complete artificiality an
experiment, and the usual case is in between.

A fully structuredinterview is one where theinterviewer speaksonly afixed script: essentially apoken
guestionnaire. An unstructured interview is open-ended, so that the responses are not comparable to each
The semi-structurednterview hasfixed (structured) topics andltimate responsecategories, buthe actual
words used by both interviewer and subject are flexible.

An experiment is reallya testing episode asell as aninstrument. All the otherinstrumentsmay be applied
within it: and questionnaires often are, in addition to behavioural measures.

A questionnaire is usuallgpplied to a) attitudes aradfect b) as in checklists, t@liable memoy of stable
habits rather tha one-off events. But questionnairezan beopen-ended (ando are comparablewith
thinkalouds).

Diaries may be used for debuggingsaf most likely tdbe followups,andfocussed: verging oimterviews or
guestionnaires, rather than thinkalouds.

Diaries can also be used however for counting events or behavVioey. are therike behavioural observation
by the experimenter. In threspect, they really are like thinkalds; but a) theprobesare more likely to be
specific than general b) the event is defined, so it is not open ended. However the focagergrather than

by task.

Questionnairesften haveredundanguestions to provide anternal validity/ reliability check. In contrast,
SSis typically have a single topic but redundant probes.

The deep issue is behaviour vs. asking the user. One can get at most things via either method in principle, t
in practice you need both despite the large area of overlap. If you ask the user you are relying on their mem
and then the issue is on the efficacy of various prompts, from none, to probes, to careful visual prompts, to
having them view themselves on videotape or to do the task to aid recall.
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Testing episodes: Packages of instrumentsel 3)
In practice for any one kinof problem apackage ofnstrumentswill be neededand further examples will be
given inthe next seain where thetlypes ofmeasuremendgtudy are listed. For instace a designermay put
together a package of think-aloud sessianisyviews,and diaries to vide feedback in thelevelopment and
debugging of a system. A product manager may want market research questionnaire and interview data, an
results of amore formalcomparativeexperiment onprototypes. Thus someonetraining to become a
professionalevaluator orcontractresearchemay wish topractice as manynethods ofthe kind we have
outlined as possible for different kinds of interface, to be in a position to offer specialist consultative advice, &
comparisons across a range of systems.

In general, thedifferent instrumentswill be used indifferent combinationdor different purposes. Each
instrument can, moreover, be used to conduct cross checks on others.

Thetesting episod@éowever involvesietermining many othehings. Ingeneralchoices arenade ofwhich
users,which machine(s)andwhich environmental factors will besed. Undethe choice of user, the major
variables include: what permanent characteristics will they (gageage,gender physicalabilities), what prior
knowledge of various kinds will they have, and abovevhith tasks will be set(Tasks may be regardeither
as a feature dhe user, since they arareental state, or as amdependenvariablesince to darge extent any
user can be set any task and will probably coopetdteveverthis is only an pproximation,since a subject's
decision aboutvhat to do wherinstructed td'produce abusinesdetter" by an experimentenay differ both
from other subjects and from what they would really try to do in a real work situation.)

1. Users: On whom are the measurements made?

There are indefinitely mangypes ofuser, andcontexts inwhich asystem willbe used.But for practical
purposes we must define a manageable set. One frequently used distinction is haieersers intermittent
usersand expert users. Weelievethat although thisdistinction can be helpful, it camlso be somewhat
superficial as differentrgups of usersnay havedifferent areas of knowledge. Wmavefound it useful to
assess usergrior expertise separately in three areas: in tdsk domain (have they evewused another
spreadsheet?), in the machine (have thayused this kind of computdrefore? a mouseftc.), aswell as in
the particular program to be tested.

Ideally, one mightalso want to be able t@assessasymptotic performance omsystem by higly practised
experts,and use such measures gomparativetests amonglifferent systems. Inpractice this is often
expensive or impossible.

In terms of a framework ofneasurement, waeed tochoosecarefully theusers onwhom we will make
measurements, as how we choose them will affect the generality of the conclusions we can draw.

2. Tasks

If you are going to do on the spot observations of a user (e.g. in an experimenhabhgou see willdepend
on what tasks they attempt. In a study at their waslkersmay just dowhatevertheir work dictates.However
if it is a new interface for them, then there is the question of what task yoersetothwhat thegome upwith

if you don't specify one. Ifactthese appareratternatives can beloser tharyou expect: ifyou do not set
them a task, they may select one partly to fit in with what they imagine is appropriate to show you e.g. they n
not try out computer games or read news, even if they normally would. On theatderfyou dogive them
a task through a verbal instruction, they will interpret this according to their own ideasasdbsufandhis can
be rather differenbetweensubjects). For instance ifyou askthem to typea letter ona word processor, how
much formatting theylo will depend ortheir habis with word processorsand what theyknow aboutletter
formats. Infact it hasbeenfound thatthe only way to getsubjects to d@xactly the sam#hing is todictate
every detail of the task (which is then unrealistic since normally users decide these details themselves).

If you wish to test annterface, thenyou have infact two conflicting g@als: to observenot only how the
interface behaves but whiglarts of it a usewill normally andspontaneously @sand toobserve howevery
possiblepart of the interface behavetn otherwords,you would like to see normaiserbehaviour,both as

data in itself, antb gatler frequencyinformation onwhich thingsgetused often; but yowould also like to

test the interface artificially to check every part of it. Tdvener implies setting no task, whilee latter requires

you to set a series of tasks that will together exercise every pamadiceyou may wish to do bothperhaps
setting no particular task in the first part of a session, and then producing a set of test tasks for a second pa
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3. Machine, Environment (Circumstances).An important aspect of measuringtie circumstares. |If

the observed action is nperformed inthe normal situation it may ndgll you muchabout howthe interface
performs in ordinaryuse. This isthe danger ofall experiments a®pposed tonaturalistic observations.
Overall, aninvestigationprobably needs tdalance some naturalistic and some comnlled observations.
Basically naturalisticobservationscan tell you unexpectedthings; and itcan tell you about thenormal
occurrence, rate, and function of some event. Expericaantell you about causation, about the dependence of
an event on various factors.

For instance, ifusers normallyhave towork in an officewith constant interruptions frortme telephone, then
running an experiment away from the office may show much bettelts tharcan normally bexchieved. On
the otherhand, if they araised togetting helpfrom colleagues, thefinding thatthey cannotusethe help
system is lessignificant thanit might seem. Running tests oithe rightmachine is equiy important of
course. In thesedays of neworked machines, it is ndongertrivial to arrangefor this, sinceusing the same
"model" does not at all mean that the user will see the same performance or file environment.

Comparability and realism

Besides deciding on how to set these variables, another main concern at this level is comparability: the degre
which differentinstances othe measurement anreadecomparable. This crucially affects what conclusions
may later bedrawn by comparingneasurementsThere aragwo logically independent considerationshich
however are usually antagonistic so that only one can be optimised: are the variables helchconssacases
(so thatmeasurementare strictlycomparable), onot. The other is realism ¢validity": are the conditions
studiedrepresentative othose innormallife. Generally in arexperiment,conditionsare controlled (held
constant) as far as possible, at some sacrifice of realism and validity. In a field study, reaésamised, but
only onecondition is studiedthe one thabbtainedduring the study), soyou cannottell whetherand how
outcomesmight change if differentisers or tasks (sayyere used. Thughere oftenseems to be a single
variable varying from a lab. study to a field study, with both comparability and validity depending on it.

Nevertheless with care it is sometimes possible to achieve a reasonable position on bothassustance in
studying a spreadsheet, you might begin by @esunf actual spreadshaeters irtheir workplaces taliscover
what tasks they commonly do. Thgou could run anexperimentunder coftrolled conditions, butvhere the
subjects are set tasks matched to those that the survey had shown were realistic.

Summary of dimensions of testing episode
Comparability: Is the set of instances under each choice uniform (controlled)?
Validity: Are they natural (representative of the intended set)
Laboratory study <—> Field study
Coverage of the potential space of bugs

Results(evel 4)
Often there are theoretical quantitersconclusionshot directly delivered by annstrument. These need to be
calculated here. An example are ttmaclusionsabout redundannethods, obadly alvertisel featuresvhich
might be concludedtom cheglist results. From gractical viewpoint, having aesultscalculation method
worked out e.g. a spreadsheet layout can nadkg differencein speed and@¢onvenience. lgeneral wehave
commented on results methods within the section on each instrument.

There are three broad kinds of thing that might be done:

1. Transforming numbers (e.g. scaling, doing a log transform)

1.2 including combining two direct measures to make another one e.g. subtracting two times.

2. Describing sets of numbers. This mainly corresponds to exploratory analysis (see below). Adeantral
is to see a particular data set as an example of a distribution, and to characterise that distribution by its type
by someparametere.g. meanand standardleviation. The idea i replace many particulgsoints by a
description of the overall character of the set.

3.  Comparing twasets. Inparticular, calculatinghe probabilityof their being samples fronthe same or
different sets — i.e. deciding whether they are significantly different.

Presentation of quantitativiata of any kind is usually done kabulationshistograms, pieharts,graphsetc.
The goal here is to present visugllgt those featured the resultsthat are important, relevar@nd summarise
whatthe reader might need to knowhile maintaining thequantitative ggects ofthe data,e.g. mean scores,
numbers of users, etc.
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Another general issue here is, where possible, to compare results from one instritritise fromanother.
For example, an interview can be done usingé#me questions asjaestionnaire.If the average ansers are
muchdifferent fromthe two instrumentghis is a reason to suspect that ongher otherinstrumentwas not
well administered (e.g. selection bias in the subject sample).

Statistical analysis of data
When the data are gathered they must then be presented to oneself in a foiitih rirektenwtheresultsvisible,
and easy to understand, easy to brood over, andi@asyeck anymistakes in transcriptioar elsewhereSee,
e.g. the book by Ericson & Nosanchuk (1979) on exploratory analyses in the reference list.

The purpose ofexploratory analysiss to presenthe data to oneseklind others insuch away that its
undellying patterns beome clear. Thus imagine either observingesponses bysersduring think aloud
sessions, arollectingsuchresponse$rom aninterview. Imaginealso that theseesponsefiavebeensorted
into four categories — then a good way to get a sense ofdagive frequency isn theform of a histogram.
E.g.

Histogram of X41: Category

Count

0 .5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Category

Other exploratory methodsmilarly aredesigned to display patterns in tables or diagranssiam away that
important pattersn become visible, emerging from the clutter of individual observations.

Then there igonfirmatorystatisticalanalysis. With instruments 3o 6 these analyseare usually tests of
cross-tabulations, correlations, tests of differences between means for different coettitigrer the idea of
testing differences, see the following paragraphs, and the introductory statistics books in the reference list.).

An experimentjnstrument 7, Wi typically bebased orthe testing of dypothesis. Thisn turn implies the
testing of differencedetweenoutcomes,for example betweeran experimentalcondition and a control
condition, which one would expect to be different if the experimental condition had had an effect.

Statistical methods exi&tr determiningwhetherany suchdifferences thaarefound are largeenough taake
saiously. The convention is thaif a difference betweenoutcomesfor different conditions thahas a
probability of occurrencédy chance ofless han one intwenty (p <.05) this difference isdescribed as
"significant at the five percent level". It implies titla¢ experimental manipulation madditierence. (See e.g.
the introductory statistics books in the reference list.)

These statistical methods are called significance tests.

They can be either "parametric” orofrparametric”. Thdormer means thahey arebased orestimating
parameters, such as the variance, of statigtisaibutions of knowrproperties. Such testsare typicallyused
when themeasuremergcaleshaveproper nathematicaproperties (e.gwhen ascore of 4really doesmean
twice as much as a score of 2). These tests include t-tests and analysis of variance.
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Alternatively there is anotheset of methodsalled "non-parametricwhich do notrely on the distribution of
data having such closely defined mathematical properties. These tests typically require outcome measures
convertednto ranks,e.g.the highest score from aexperimentameasuremengets rank 1the next highest,
rank 2, and so on. Such tests include the Mann-Whitney U test, the Wilcoxon test, and the Friedman test. |
e.g. the book by Siegel, in the reference list.)

The underlyinglogic of mostsignificancetests is to form aatio or fraction, ofthe differencebetween the
means of outcomefr people in thedifferent experimental conditionsjivided by some measure of the
variation of outcome measures for people in the same experimental condition. E.g:—

mean of experimental group - mean of control group / variation of score within each group.
or, more generally:—
difference due to the experimental manipulation / estimate of measurement errors and other noise

Then there are tadd or calculations thatill allow one to seavhetherthis ratio indicates thathe difference
attributable to the experimental manipulatiwas larger than coulthave been expected bghance, where
"chance" means because of the errorganiationamongindividual subjectseach giving asomewhat different
estimate of the the underlying entity that you would like to know about, measurement error etc.

It is possible to do many of the calculations to nmakeh tests by hand, withpocket calculatoor spreadsheet,
using the recipes supplied in any of the statistics books listed in the references. It igrbjefable however,
to do statistical calculations using arfahe severastatisticalpackagesvailable oreither micro-computers or
mainframes. For Macintostomputers we recommer&tatView,for mainframes otBM PCs SPSSx. The
former makes use of the Macintosh interface, thoughwibalso need a statistid®ook tounderstandhe tests
being used. Thiatter isthe most popular maiframe packagesed by sael andbehavioralscientistsand is
supported byparticularly good documentationncluding full and clear discussion ofeach statistical test
available.

Both types of package allow one to tabulate one's data in a systegtand then manigdate tlem, perform
various kinds of test, and produce various kinds of table and graphical output.

Kinds of result
Discuss the kinds of result we want, and prod@e.the one hand, comparatireasures; othe otherhand,
lists of bugs orgoals orsupertasks ocomplaints: i.ethings whose content is valuable, rather than whose
number.

Summary of dimensions of result calculation
Comparability: may the measurements be meaningfully combined, or not?
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Producing a report (evel 5)
(Goals for measurement studies)

The gap between measurement and decision
The reason wlavedescribecevaluation adased ormeasurements, is thateasurementare notthemselves
judgements about what to do, either for design, purchase, orkatlerof decision. This requiregutting the
measurements intthe contextof a set ofgoals thatare not themselvegart of the measuremeptocess.
Measurements cannot themselves tell one what to do.

Types of report

When an evaluation has beerade,typically areporthas to begiven. What kindof reportmight actually be
wanted? One common and important need i$oflf reportwhich will allow the personreading it tomake a
purchasing decision. €&hsituation isthat thedecision to purchase somethihgs beentaken, and now
information is needed comparing alternative products. A manager is not likely to want to Wwhatotd do by
a self-proclaimed experAs we can se&om the reports inthe ConsumerAssociationpublication "Which?",
even private consumers pretetable listing numerousproperties otthe alternative productsllowing them to
decide how to weigh the variopsopertiesfor their ownpurposes irmaking somefinal decision. Magagers
are not likely to require less information and more hand-holding than this.

Similarly (2a) managers in charge of designing and prodyxcoducts are likely to wambd make the decisions
themselves which combirreports on mi&et demands and opportunitiegth reports onthe properties and
performance oflesigns prodced bytheir company. Théusiness othosewho "evaluate'designs for such
managers is to pouce the latter kind of report, not tosecond-guesmarketresearch or taictate advice
directly. The measurements hare likely to be ora single designusing relatively fixed standards.Just as
there are benchmarkand specifications,technical standardsetc., for speed, capacity performance under
different conditions for hardware, we may hapat computer manufactns will beginto take up the idethat
the properties of interfaces can be specified in relation to users. We believe that such benchmarks will be tc
benefit of both manufacturers and consumers, in the same way that hardware specti@edidreenand (2b)
constitute another type of report. So learning tifesnew users,data onuser preferences, asymptotic
performaimce, anddata on typicaluser competence magradually beome available,and also beused in
assessinghe suitability of interfacefor a given purpose. This corresponds to second type of purchasing
decision(3), where thalecision iswhether to prchase a goputersystem atll, and theperformance of the
candidate system must be compared with the individual needs of the purchaser.

Another kind of report (4) is @ higher level ofenerality (closr to thequestions thaacademigsychologists
are used to addressing). Arample might be to determine whethadaptiveinterfaces arevorthwhile. Here
again, what is really wanted is not a report of whether one adaptive user interface is better tioaradagtive
interface, but the trackindpwn of as rany differences asan be foundplus reliableresults onsome features
of obviousprior interest (e.g. speed t#arning or productivity)preferably on enumber of interfacesather

than a singleepresentative of eadiipe. Again, what iswanted ismeasurement angeporting of numerous
properties. Only in the light of this will readers ofthe report beable to decide how taliscusswhat is

"worthwhile" in this context.

In the area otonstructing programshere are potentiallgeveralkinds of repar. pre-designrequirements
capture (5)debugging arnterfaceunder constructior{7), benchmark measuremerds completeddesigns
(2b), and perhaps a report the properties of a&ompleteddesign inrelation tocompetitorsproducts(l), its
own properties (2a), and customer demands (8).

Pre-design requirements capture (5) can be approached in numerous ways, many of which deperidssiore ot
closely onusers'experience oexistingsystems thathe newdesign is taeplacesuch adocusgroups,field
studies, and surveys of command and feature usage (see 6 below). Perhaps best of all if resources permit
use of early prototypes, so that users can tryfmihewproposalsandtheir reactionstudied in thinkalouds,

and debriefinginterviews and focus groups. This latter approachavoids having todepend onusers' very
limited ability to imagine what new designs would be like in practice.

Another kind of report (6) looks at how a machine is actuglyd (as opposed tow its designersmay have
expected it to be used). This may berf@nagers to establish its usefulnesgp guiderevisions oreven new
designs. It might list the tasks users choosmtry out, or the compative frequencyf different tasks, under
natural conditions. A variation dhis is to look athetasksand methods chosen Imgers atifferent levels.
For instance at a low level, the comparative frequency of usenifi and keybed commandgwhenboth are
available)might be measuredthe relativefrequencyof use ofdifferent commands anfkatures; theasks
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which peoplesetthemselveqe.g. on aword processorletters versusmemos,versuspapers,versuswhole

books). And finally the "supertasK: the surroundingconsiderationsisersmay have. For instance, when
they quit an application do they usually want to save the document? deahetoback it upimmediately on
a separate, extra floppy disk?

Another goal(7) for measurement is to discover thegs in a useinterface. If theaim is tobuild a perfect
interface, then a simple detection of theg is enough. laddition, it may beequired to search oall bugs,

and so to exercise the interface comprehensively by setting users tasks, even if unnatural, that will cause the
useall parts ofthe machine.If, as isoften thecasethere areonly resources tdix some bugs, thesuch a
report should also give estimates of the frequefoccurrence othe problem in nanal usagetogetherwith

how much it costs the user each time.

There is also (8) the businessdatermininguserattitudes and valuesThese carsometimes be measured as
part of another study, but are worth mentioning separately as different instruments may haveeth bhbere

are both positive and negative aspects to thigitiligy a person feels thegain fromthe work orfun hadwith

a machine, and the affective (emotional) costs in mental strain or dislike. These should be separately meas
They are ultimately seen in their effect on user choice (of whether tornaehine, or whictone to purchase),

but only in their net combination @um. However adesignershouldknow if there are aggts ofthe design
which theuserdislikes orfinds punishing, as perhapghese can beemedied withougffecting the positive
utility (which is all that keeps the user loyal currently).

Finally, (9) it would be possible to use this approach toatoparativemeasurements on useesther to grade
users, to certify their level of training, or to compare the system's performance with different classes of users

Considering the range of functiotigt performance measuremeseyvesuggests thaneasuring, rather than
value judgements, is thesart of thematter; tlat almostalwayssuchmeasurementshould bereportedrather
fully (not used tomake a judgemerand then hidden); and theichmeasurement is a skillexttivity in its
own right, that camsefully be considered asseparate subjectPutting this anotheway, we can say that
evaluationproperly has twgarts. One isneasurement. The otherassessingneasurements irelation to
goals.

Other ways of describing alternative report types
In the literature, different goals for measurement, and hifieeent reporttypes, aredescribed by labelsuch
as:
formative — to help create or modify the design
summative — describe the performance of a fixed design
illuminative — identify factors that are important.

Summary of dimensions of goals (report types)
Where in the design cycle is the study done? {illuminative, formative, summative?}
(How complete a prototype is needed?)
Comparability: does the report's goal require comparison of measurements?



