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Introduction

This paper examines how the fidelity concept isdusg the HCI commu-
nity to categorize prototypes. Two fidelity categsriare normally used
when categorizing prototypes: low- and high-fideliRudd et al. (1996)
give a detailed description of these categoriesandften referred to by
the HCI community, see for example Preece et 80ZP Therefore, Rudd
et al. will be used to represent the HCI commusityiew of fidelity in this
paper.

Our inspection of the fidelity concept is achieumdtrying to position
the Wizard of Oz methodology in the correct fideliategory. This meth-
odology entails that the user believes that hateracting with a computer
program when in fact he is interacting with a humBtmere are many ways
one can use this methodology but the one chostwe i©zlab system, de-
veloped at Karlstads University. It was chosen beeat fully implements
the Wizard of Oz methodology and also becauseténels the modes of
human enabled and monitored interactivity to theplical user interface
(GUI). The positioning of the Wizard of Oz methodpjas done by posi-
tioning the Ozlab prototypes.

The purpose of any prototype is largely definedthsy demands posed
by the current activities of the software developtrrocess. In this paper
we have chosen to focus on the prototyping thatoise when gathering
and communicating users’ requirements on the pexpgystem’s graphi-
cal user interface and functionality. Ozlab and-fidelity prototypes are
only used for this purpose and because of thisribt possible to compare
these to high-fidelity prototypes in any other axtt

The paper starts by describing the low- and higktity categorization.
After this it is argued that the characteristicdavi- and high-fidelity pro-
totypes, namely their advantages and disadvantageslirectly related to
how automatically the prototype responds to the'sisetions. A presenta-
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tion of the Wizard of Oz methodology and the Oztgistem is made be-
fore attempting to position an Ozlab prototypetifidelity category. The
attempted positioning of Ozlab prototypes resuitsanother categoriza-
tion, based on the prototype’s level of automaggponse production.

Characteristics of High- and Low-fidelity Prototype S

Rudd et al. (1996) characterize low-fidelity prgqmés as “limited func-
tion, limited interaction prototyping efforts [...pastructed for illustrating
concepts, design alternatives and screen layotuitsese are usually con-
structed using paper and pencil and standard offipplies. However, in-
teraction with paper prototypes can be simulatexd, ifistance Rettig
(1994) simulates the interaction flow by havingesigon act instead of the
computer. That person will change between the iffepapers that corre-
spond to different screen layouts in the systenegponse to the user’s ac-
tions. Input to the system is indicated by the ymenting on drawn con-
trols or otherwise.

In contrast to the characterization of low-fidelfizototypes, Rudd et al.
(1996) define high-fidelity prototypes as beingllfunteractive” meaning
that a user can “interact with the user interfag¢h@augh it is a real prod-
uct.” Rudd et al. continue by stating that theselkiof prototypes look and
act so real that the user in many cases cannoit teflart from the real
product. High-fidelity prototypes are usually cansted using high-level
languages such as SmallTalk or Visual Basic. Bénedcal. (2003) define
an intermediate level of fidelity where the projwdg are capable of show-
ing part but not all of the interactivity. Accordjrio Bonisch et al. these
are constructed using tools like Powerpoint®, Hgped or Tcl/Tk.

Different advantages and disadvantages are mentioten low- and
high-fidelity prototyping is discussed. In Table ®\present the advan-
tages and disadvantages found by Rudd et al. (1996)

A closer look at the advantages and disadvantages

Interestingly enough, when scrutinizing the diffiradvantages and dis-
advantages ascribed to both low- and high-fidegditytotyping efforts one
sees that many of these can be explainetidwy automatic the response
production of a prototype .is
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Table 1. Advantages and disadvantages of high- and low-fidplototypes from
Rudd et al. (1996).

Type Advantages Disadvantages
Low-fidelity  Lower development cost. Limited error checking.
prototype Evaluate multiple design Poor detailed specification to

concepts. code to.
Useful communication device. Facilitator-driven.
Address screen layout issues. Limited utility after
Useful for identifying market ~ requirements established.
requirements. Limited usefulness for
Proof-of-concept. usability tests.
Navigational and flow
limitations.
High-fidelity = Complete functionality. More expensive to develop.
prototype Fully interactive. Time-consuming to create.

User-driven. Inefficient for proof-of-
Clearly defines navigational concept designs.
scheme. Not effective for requirements

Use for exploration and test.
Look and feel of final product.
Serves as a living specification.
Marketing and sales tool.

gathering.

In this section we will take a closer look at thdvantages and disadvan-
tages in Table 1 and see how these relate to respproduction auto-
maticity. Note that the quadrants of Table 1 aresallp related to each
other, where many of the advantages for one typgratbtyping are pre-
sented as the disadvantages of the other type.

We have divided the advantages and disadvantagedouar different
subject areas: user-driven-versus-facilitator-drjvalevelopment costs,
early exploration of the design space and reusyplaiti a specification.

User-driven-versus-facilitator-driven

According to Rudd et al. (1996) a high-fidelity ptype is moresuitable
for user testing and explorationbecause it “will respond in a manner that
represents the behaviour of the eventual proddt¢i€ir article differenti-
ates between low- and high-fidelity prototypes ddygby the manner in
which the prototype responds; a high-fidelity resge by itself (i.e. it is
user-driven) in contrast to low-fidelity prototypes that afacilitator-
driven. We believe that what the authors’ really are itglkabout is
whether the response production is fully autométier-driven) or non-
automatic (facilitator-driven). A prototype can thenly be thought of as
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beingcompletely functional andfully interactive when its responses are
automatically generated.

A high-fidelity prototype can be used to evaluat¢htihe look and the
feel of the proposed system (not just the look as és dase with low-
fidelity prototypes) because it is implemented asugbonomous piece of
software.

Development Costs

Rudd et al. (1996) characterize a high-fidelitytptgpe as being fully in-
teractive, meaning that a user can expect the fyp#oto respond to
his/her actions automatically (i.e. no human featitir is needed). In addi-
tion of creating a high-fidelity prototype’s grapkione also needs to pro-
gram it to be automatic. It is important to undanst that a low-fidelity
approach does not mean that the graphics createaf anferior quality, in
fact these too are sometimes created on the com{Redtig 1994). When
demonstrating low-fidelity prototypes to clientsi& typical that high-
fidelity graphics are created simply because, atidR@bid.) puts it, “you
want to look sharp.” Therefore, tlaelded cost for a high-fidelity proto-
type is usually in the form of time and money invesiteanaking the pro-
totype act on its own.

However, in certain kinds of multimedia the biggesst is inflected by
the production and/or gathering of the actual medied. But when these
are prototyped one usually starts of by using sfwuétography or media.
In contrast, one cannot buy “stock” programmingnake the prototype
act automatically. So even when multimedia is gyqted the added cost
for a high-fidelity prototype is usually in form ahe programming that
one needs to do in order to make the prototypenaaiio.

According to Rudd et al. (1996) a high-fidelity fotyping effort some-
times ends up “requiring many weeks of programnsagport.” The time
spent on programmingne automatic prototype could be usedetmluate
multiple design conceptsf low-fidelity prototyping was used. Myers’ &
Rosson’s (1992) study of 74 software projects shibthat an average of
50.1% of software implementation (i.e. programmitig)e was used on
the user interface, confirming that programmingruseerfaces is a com-
plex task. The time it takes to construct a fulltcmatic prototype also
explains why it isnefficient for proof-of-concept designs

Implementing automaticity in prototypes will infloee the cost of a
prototype negatively. Cost is then also relatethtodegree to which one
chooses to implement automatic behaviour in a pypto
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Early Exploration of the Design Space

As concerns early communication between stakehslidea software pro-
ject, a fully automatic prototype is always at thercy of its automaticity.
It will not fudge even if the discussion demandd-itdgeabilityin a sys-
tem is difficult to achieve, as Cooper & Reimanfd3) note, “because it
demands a considerably more capable interface21(@). Changing a pro-
totype with implemented automaticity is always atteraof reprogram-
ming, debugging, and compiling it again. Anothepraach involves try-
ing to achieve an overall fudgeability in the pigp®e’s interactivity, but
then again this would result in even more time geiwasted on program-
ming. A manual prototype on the other hand is iah#ly fudgeablebe-
cause the interactions it provides are manualidyeced. The fudgeable
nature of a manual prototype means that one calorexa larger range of
design issues than when using an automatic praoi@pnstantly having
to reprogram an automatic prototype is not cogtatife wheridentifying
market and user requirementsand it will impede early exploration of the
design space. The low-fidelity prototypes fudgeab&iual nature makes
them ideafor addressing screen layout issued hat is, these two advan-
tages are directly related to how automatic thpaese production of the
prototype is.

Reusability as a specification
Rudd et al. (ibid.) are of the opinion that lowefidly prototypes havémi-
tations when it comes to depicting navigation andidw and that high-
fidelity prototypes, in contrastlearly define the navigational scheme
Low-fidelity prototypes do not contain informatioletailed enough for er-
ror messages, the layout, and architecture of patgels (ibid.). The pre-
sent authors do not believe it has so much to db thie low-fidelity ap-
proach; rather, it is a factor of how high one $e$¢her goals. However, a
programmer cannot freely explore a low-fidelity fmtype because its re-
sponses must be produced by a human facilitatoingakless of d'liv-
ing” specification than a high-fidelity prototype. This is a direcnse-
guence of the low-fidelity prototype’s manual natyalthough one can
greatly alleviate this problem by making video mefings of test sessions).

Again, how automatic the response production afodopype is explains
to what extent it can be used as the proposedrsispecification.

Finally, a specification in the form of a high-fldg prototype is well
suited as anarketing and sales toolbecause its implemented automatic-
ity allows stakeholders and potential customeiatract with it.
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Challenging the Fidelity Concept by Positioning the
Wizard of Oz Methodology

The Wizard of Oz Methodology

The Wizard of Oz methodology, first coined by Kellg®83) as the OZ
Paradigm, was originally a non-graphical technigsed in research con-
cerning natural language interfaces (NLI). The methagly entails that
the user believes that he is interacting with a mater program when in
fact he is interacting with another human, calledizard The wizard acts
instead of the program, giving the user feedback@nput when needed.
Therefore, the user is able to interact with a pgyge as if it was a real
computer program, while the wizard produces th@aeses of the pro-
gram. The wizard can be either hidden or visibléhtouser. This depends
on what is being tested and who the user is.

This methodology makes it possible for prototypesntplement com-
plex technology, such as speech recognition, withawing access to the
technology itself or without having to be hindel®dsome limitations that
the technology poses. In other words, it allows ifderaction with pro-
grams or technology not yet created and enablesaresers and product
developers to gain insight to the user’s experiemiteout having to fully
implement the technology or software.

The Ozlab System and Interaction Shells

The Ozlab system is a simulation-kit for faking agmam’s interactivity in
a Wizard of Oz manner. In doing so it extends theard of Oz method-
ology from a non-graphical technique to letting tieard control the out-
put in the GUI. This means that one can create fyjo¢s in the Ozlab sys-
tem, calledinteraction shellsand then fake the prototypes interactivity in
such a way that the user believes the interactidmetautomatic. The sys-
tem was developed within the Centre for HumanlKatstads University
by the department of Information Systems in coltabion with the de-
partment of Special Education. Others have usedMizard of Oz meth-
odology in a GUI setting but then mainly for thepase of including new
input modalities into an existing software protaygr system (e.g. Dahl-
back et al. 1993; Hoysniemi et al. 2004). Whatrigjue for the Ozlab sys-
tem is that one does not need an existing prototypsy/stem to start user
testing because it is used by itself to fake a detapprototype and all of
the interactions it offers.
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The system can be used in ordinary usability laooies containing a
one-way mirror which enables the wizards to seeuder but prevents the
user from seeing the wizards. However, a laborai®mot necessary in
order to use the Ozlab system.

The graphical appearance of the prototype is aleasing Macrome-
dia’s Director. The interaction of the prototypecieated live by the wiz-
ard during user testing with the help of the Ozgbtem. The interaction
shells are made by first creating the differentpbreal elements of the
GUI and then placing these as they would appe#hrarreal program. Af-
ter the layout is completed the individual elemetsprepared for wizard-
produced interactivity by attaching so callbdhaviours(i.e. drag-and-
droppable code snippets) on them. There are ciyrabbut 20 different
behaviours in the system. During experiments thegbke the wizard to
manipulate the element in the GUI to behave inexifis way in response
to a user’'s action. Moreover, these behavioursahte to reflect the state
of the element as it is seen on the user’s sciBes.behaviour “Hideable
by the wizard” for example makes it possible foe tlizard to decide
when that element should be made visible; in Fidgarand 1b a frame that
is “hideable by the wizard” is used in order tohlight a specific number.

Wizard's view of the interaction shell: User’s view of the interaction shell:
I
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As shown in Figure 1la the wizard has two controigisi that are visible
above and below the interaction shell when it isruiested with the Ozlab
system. The control panels can be used by a wizarbntrol what is
shown on the user’'s screen in several differentswéy Fig. 1a one can
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also see two different mouse cursors in the wizawiew. The larger ar-
row is green and shows where the user's mouse rcigrgacated and it be-
comes red when the user presses the left mousmbutt

Interactions Shells — Low- or High-Fidelity?

One would expect that positioning Ozlab prototypeteraction shells) in
the correct fidelity category is accomplished gasiin interaction shell
would seem to be of high fidelity if the measurefidglity is assumed to
be based on the user’'s expectations of an inteeastistem. Conversely,
in the developer’s eyes the very same prototypeldveeem to be of low
fidelity.

As described previously the user’'s experience oingaraction shell is
that it is “real” but the wizard/developer, knowititat the responses were
produced by him/her, is of course of another opinibhe difference of
opinion can be explained by one facttire dissociation of a prototype’s
implemented automatic behaviour and what the usecgives as being
automaticin an interaction shell. This dissociation does east in tradi-
tional prototypes because everything that is peeckias automatic is in
fact automatic.

Another approach to position interaction shell®isompare an interac-
tion shell to the advantages and disadvantageshadcio low- and high-
fidelity prototypes (see Table 1). When comparinthwie advantages for
low-fidelity prototypes one can conclude that mgkan interaction shell
is a low cost effort when compared to high-fidelgyototypes. Low-cost
effort in turn makes it possible to evaluate midtidesigns concepts. An
interaction shell is, just like a low-fidelity putype, useful for addressing
screen layout issues. Making a video recording sifraulation session us-
ing the Ozlab system would also suffice as a pafafencept. Comparing
with the advantages for high-fidelity prototypeainied by Rudd et al. one
finds that even if interaction shells are not pesgmed to be interactive
they are at least perceived as being fully intévacind complete in func-
tionality. Therefore, an interaction shell also kame of the advantages of
being user-driven. It can also be explored and:teas well as mimic the
look and feel of the final product truthfully. Tipeesent authors have not
in three years of using interaction shells had aeyguestioning the reality
of them (if not made obvious by the test setup)kidg screen recordings
of a test can be used as a specification, but lsediais not possible to in-
teract with a recording it cannot be used as argj¥ specification in the
same way as a traditional high-fidelity prototypevideo recording of a
test session can also be used as a marketing sxlteal, and in some
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cases it might also be viable to conduct Ozlab kitians at the client’s
offices or at a trade show. To conclude, an intevacthell is not able to
live up to all of the advantages listed for higtielity prototypes.

However, one should question whether or not a pypto(even if it is
of high-fidelity) should (or if it can) live up tall of these advantages at
the same time. We contend that if a prototypelfutfiany of these advan-
tages and only has the given disadvantages thestungd consider if this
is not the actual complete product.

Trying to position interaction shells accordingtheir fidelity resulted
in an ambiguous position because of the dissoaiaifgerceived and im-
plemented automaticity in interaction shells. Thatrsection will exploit
this dissociation for the purpose of presentingtlagoway of categorizing
different types of prototypes.

A New Categorisation based on the Prototype’s Level of
Automatic Response Production

The HCIl-community has no problem categorizing psgies according to
their fidelity, but one rarely sees any attemptslear-cut definitions of fi-
delity in this context. The definitions of fidelitsevolve around theer-
ceivedfidelity from the user’s perspective (see for epsrnlullis in Rudd
et al. 1996). However, it is frequently so thaisithe developers’ view of
fidelity that is used as the standard which leadthat one and the same
prototype can be categorised differently dependinghe assumed point
of view. Fidelity is then something that is perazhand as such it is also a
subject of interpretation through our preundersitagndt is easy to judge a
representation’s fidelity if the representation hasounterpart in the physi-
cal world. But when developing an interactive sygstene does not have
the finished system to compare with. It is therfidift to establish the
fidelity of a prototype by referring to the finatfstem. For these reasons it
is difficult to compare different types of protoggbased on their fidelity.

Instead of focusing on fidelity as an approximatafrthe final system
one could think about low- and high-fidelity protpes as being on a scale
that describes how the prototype responds to dsuaetions. This scale
ranges from non-automatic to fully automatic resmoproduction. What
Rudd et al. (1996) mean is “interactive” in higddiity prototypes is in
this context understood as the parts of a prototigpeare able to respond
automatically to a user’s actions. A high-fidelgyototype is found on the
fully automatic part of this scale because allh#f parts that the user per-
ceives as automatic in it are indeed automatic fioechuman facilitator is



10  Jenny Nilsson and Joe Siponen

needed). The way Rettig (1994) conducts user tpstiith paper-
prototypes is also interactive in this context batause the interaction is
mediated by a human facilitator one would find thistotype at the non-
automatic part of the scale. An interaction sheduld also be located at
the non-automatic part of the scale because atsaksponses are gener-
ated manually by the wizard. Somewhere at the raidaie would find
prototypes that are semiautomatic needing a huraaifithtor at times
(e.g. to simulate different functions not implenehtn the prototype) and
at times being automatic. The experiments Boniseh. €2003) conducted
and Wizard of Oz experiments in a GUI setting thay include a new in-
put modality into an existing software prototyped{idniemi et al. 2004)
are examples of semiautomatic prototypes.

Furthermore, one also needs a second dimensiomildagcthe per-
ceived automaticity because, as previously desdyibeprototype can be
perceived as being automatic even if no automagltabiour was imple-
mented, as is the case with interaction shellsahdr Wizard of Oz im-
plementations. This scale ranges from perceivedaasual to perceived as
automatic.

The automaticity plane presented has two axes:eim@hted and per-
ceived automaticity. However, this plane does rescdbe the content of
the prototype. Therefore, a third dimension is adgeztision.

Precision is a term that Beaudoin-Lafon & MackayO@0Oprefer instead
of low- and high-fidelity because they feel tha thord “refers to the con-
tent of the prototype itself, not its relationshipthe final, as-yet-undefined
system.” Precision is described as “the level daiflat which the proto-
type is to be evaluated” and it is a scale thagearfrom rough to highly
polished (ibid.). An example of precision in praetiis that one does not
need to specify the exact wording of a label wHendoal is to only ad-
dress screen layout issues. Beaudoin-Lafon & Magikegy.) also note that
precision is something that changes over time asptbtotype develops.
The medium one chooses for the prototype, e.g. paparcomputer will
also affect precision. This choice will have an efffen the feel of the pro-
totype but also the look, as colours, for exampld, look different on a
computer screen compared to a paper printout.

All of the dimensions described construct a thrieeedisional model of
fidelity in which prototypes exist. These dimengoare: implemented
automaticity, perceived automaticity, and preciqieee Fig. 2).
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Fig. 2. A three dimensional model of fidelity.

Concluding remarks

It is possible to categorise an Ozlab prototypdeiag of low- or high-
fidelity depending on if it is the user’s or thevdper's view of fidelity
that is used. Interaction shells also share marthefadvantages and dis-
advantages ascribed to both low- and high-fidglitytotypes.

The problems encountered when trying to positidaraction shells in a
fidelity category were caused by the fact that&-community has not
yet produced a clear-cut definition of fidelity. @®quently we made the
positioning by focusing on the prototypes implemseniand perceived
automaticity. In doing so, both the users’ anddkeeelopers’ views of fi-
delity are catered for. A prototypes precision & identified as a key
factor in determining a prototype’s fidelity. Thecfars mentioned above
resulted in a three dimensional model of fideliyg( 2) that can be used
for positioning a prototype.
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