A Practical Evaluation of the Prototype Fidelity Debate

JENNI FER M HOCKO, Bentley College, Waltham Massachusetts

An organization’s ability or willingness to incorporate prototyping into its
devel opnent process nay depend on prototype fidelity. Wth rel ease cycles as
short as 3-4 nmonths, organizations often do not have the liberty of working
with many design iterations and nust i rmmediately recognize the benefits of
prototypi ng techni ques. Wil e considering these constraints, this paper

exam nes some enpirical and anecdotal evidence for using | ow and high-
fidelity prototypes and offers possible counter-arguments. Based on the

i nconcl usive nature of the debate, this paper advocates perfornm ng individua
eval uations to deternine the appropriate |evel of prototype fidelity for a

gi ven organi zati on and/ or software devel opment project.
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I NTRODUCTI ON

VWhere lowfidelity and high-fidelity prototypes fit into the software
devel opnent process and whether one is superior to the other has been the
subj ect of many publications. To exami ne these questions, this paper first
defines fidelity and describes a nethod that may be used to classify
prototypes into fidelity categories. Once this foundation for discussion is
est abl i shed, sone of the primary issues surrounding the lowfidelity versus
high-fidelity prototype debate are described. Each issue’s perceived
i mportance within a fast-paced software devel opnent environment is considered,

and the current research critically eval uated.

DEFI NI TI ON OF FI DELI TY
To fully engage in the prototype fidelity debate, one nust first
establish a definition of the termfidelity. The fidelity of a prototype is
explicitly defined by Virzi (1989, pp. 224) as “a measure of how authentic or
realistic a prototype appears to the user when it is conpared to the actua

”

service.” He further qualifies this definition by espousing the Turing test, a
nmeasure used in the artificial intelligence community to assess the
intelligence of a system based on whether or not users can distinguish between
human and conputer interactions (Russell and Norvig, 1995, pp. 5). Sinmilarly,
in a high-fidelity prototype situation, users should detect no differences

bet ween the prototype and the final system

METHOD FOR CATEGORI ZI NG PROTOTYPES
Virzi proposes that the fidelity of a prototype be based on four primry
di mensi ons: breadth of features, degree of functionality, simlarity of
i nteraction, and aesthetic refinenent (Virzi, 1989; Virzi et al., 1986).
Uphol ding the Turing test anal ogy, he also states, “a prototype that

conprom ses on one or nore of these four dinensions in a way that is obvious

to the user is alowfidelity prototype” (Virzi et al., 1986, pp. 224).
Virzi’s method for characterizing prototypes nay be problematic in two
ways: it expects users to be know edgeabl e about that which they may not know,

and | eaves room for subjectivity. If a user believes that a prototype is the
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final system but designers know it only denonstrates a subset of features
(thus conmpromi sing on the first dinension), should it be categorized as high
fidelity as Virzi suggests? Does a designer always know what is obvious to a
user ? Dependi ng on the di mensi on conproni sed, the distinction between
unfi ni shed representation and systemversion in the nmnd of the user (or
across nultiple users) may not al ways be apparent or consistent. Thus, a
useful nodification to this nethod might be to shift the point of view from
the user to the designer, enabling a nore accurate sorting of prototypes into

lowfidelity and high-fidelity categories.

| SSUES SURROUNDI NG PROTOTYPE FI DELI TY
Feasibility
The feasibility of constructing low or high-fidelity prototypes is an issue
that fast-paced software organi zations will confront. This issue wll
typically require an evaluation of prototype fidelity fromthree angles.

Skill and tool requirenents. Lowfidelity prototypes are typically

sketched or otherw se represented on paper using conmon office supplies,
therefore elimnating the need for designers to learn the specific software
tool s or progranm ng techniques that high-fidelity prototyping may require
(Rudd, Stern, and |sensee, 1996). Myreover, since the creative skills needed
to construct paper prototypes can often be found anbng existing project team
menbers, lowfidelity prototyping tasks can be del egated rather than assigned
to a single tool expert (Rettig, 1994). Alternatively, busy product managers
and devel opers may not take tiny paper representations of an interface
seriously, reducing organizational support for the lowfidelity prototype
(Snyder, 2001). If specific designers beconme proficient with a prototyping
tool -- especially if that tool generates usable code -- del egation may no

| onger be viewed as the nost efficient option. Sone authors even advise

agai nst del egati on because it “breaks the feedback | oop” (Rudd and Isensee,
pp. 39). And contrary to popul ar belief (Cooper, 1994; Rudd, et al., 1996),
alternatives to a design night be nore easily explored using software, much
like witing a paper using a word processor is nore amendable than witing it

| ong- hand.
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Ri sk. Any change to a devel opnent process involves risk. However,
rel easing products that are difficult for custoners to use is an even greater
ri sk that organizations take every day (User Interface Engi neering, para. 2,
3). Lowfidelity prototyping can be used to manage ri sk by hel pi ng devel oprent
teans systematically focus on problematic areas of an interface before back-
end i npl enentation begins (User Interface Engineering, Day 6 section, para. 2;
Synder, 2001). Wile high-fidelity prototypes can also help identify issues,
they typically require nore diligence on the part of the teamto address
underlying usability problens. When nuch has al ready been invested in a
prototype’ s devel opment, there nay be an increased tendency to produce
t echnol ogy- based solutions (Rettig, 1994; Synder, 2001). In this way, the high
fidelity of a prototype may negatively inpact its real (though maybe not
per cei ved) useful ness.

Time (Effort) and Cost. Uceta, Dixon and Resnick (as well as other

aut hors) acknowl edge that the “speed at which a prototype can be produced” is
an inportant “factor for organizations |ooking to select a prototyping nmethod”
(1998, pp. 507). A decision about prototype fidelity ultinmately affects an
organi zation’s bottomline, and organi zations want to know which type of
prototype will yield the best return on investnment (Catani and Biers, 1998).
Al though lowfidelity prototypes have won prai se because they “do not require
a large investnent in time and devel opnent dollars” (Rudd, et al., 1996, pp
379), it can also be argued that a high-fidelity prototype with an operationa
focus may be nore cost efficient because it can evolve into a finished product
(Maner, 1997).

The issue of feasibility is marked by generalizations and unconfirned
statistics. For exanple, Rettig states that when using lowfidelity
prototypes, “interface designers spend 95% of their tine thinking about the
design and only 5%t hi nki ng about the nechanics of the tool” (1994, pp. 22).
However, there does not appear to be any concrete evidence for these figures.
Simlarly, it is unknown whet her any detailed risk or cost anal yses have been
performed in real organizations that mght better support feasibility

argunents.
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oj ective

The objectives for building prototypes, along with the devel opnment stages in
whi ch the prototypes night be used, also inpact decisions of fidelity.
Prototypes are nmost commonly used as design aids, or tools for conducting
heuristic evaluations and usability tests.

Design aids. Based on field experience, authors unani nously recomend
using lowfidelity prototypes during early stages of the software devel opnent
cycle. Sone cited benefits include: an increased focus on the nore “rel evant”
aspects of a design, such as overall structure (Rudd, et al., 1996); a
starting point for recording and devel opi ng i nnovative design ideas (Hackos
and Redish, 1998; Rettig, 1994); and a nmethod for determ ning necessary
product features (Hong, 2000). Furthernmore, lowfidelity prototypes created
during design stages can help identify and refine product requirenments, which
can | ater be used by devel opers to code the product (Rudd and |sensee, 1994;
Virzi, 1989). High-fidelity prototypes are generally avoided during design
st ages because the tools needed to construct themare believed to interfere
with the designer’s creativity (Uceta, et al., 1998). However, one wonders
whet her designers proficient in the use of a prototyping tool would al ways
agree, and whether a level of creativity can ever be objectively assessed.

Heuristic evaluations and usability tests. Several experinments have

shown that low and high-fidelity prototypes unearth the sane problens (both
by type and perceived severity) during usability tests (Catani and Biers,
1998; Virzi et al., 1996). Additionally, the validity of studies perforned
usi ng heuristic evaluations does not necessarily prove that they are nore
dependent on prototype fidelity for problemidentification (N elsen, 1990;
Virzi, et al., 1996). To deternine the superior fidelity in the nidst of an
apparent tie, some authors like Uceta, et al. propose that the artificial

i nteraction between user and facilitator necessitated by lowfidelity
prototypes may nake it “difficult to identify design inconsistencies and

shortconings in the interface,” thereby linmting a lowfidelity prototype’'s

useful ness during usability testing (1998, pp. 507).
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Per cepti ons of val ue

Whet her users of the prototype are participants in a usability test or other
menbers of a project team two aspects of fidelity may influence perceptions
of value: authenticity and openness to revision. Further, the inmportance of
bot h appears to be dependent upon the objective of the prototype.

Aut henticity. In this context, authenticity can be measured by how

closely a prototype nimcs the systenis use in a real-world environnent (think
Virzi’s “simlarity of interaction” dinension). Wen used as a design aid,
authenticity may or nay not be a primary concern. A project teamthat is
confortable with the objective of a lowfidelity paper prototype may not view
its inherent artificiality as an obstacle to val uabl e di scovery. For

organi zations just starting out with prototypes, however, this |lack of
authenticity (equated with useful ness) may result in a hasty dism ssal of the
lowfidelity prototype. Wen used for a heuristic evaluation or a usability
test, the authenticity of a prototype has also not been proven to affect
problemidentification. However, the obvious difference in interacting with a
paper prototype/human facilitator instead of a functioning conmputer system may
tenporarily throw users off guard, possibly resulting in inconclusive results
(Snyder, 2001; Uceta, et al., 1998).

Openness to revision. In Tognazzini’s colum on rough sketches, a

managi ng engi neer expresses his belief that the “unfinished” appearance of
lowfidelity prototypes allows users to feel “less inhibited about giving
useful critiques and constructive feedback than they would be if sanples

| ooked nore polished” (1998, para. 2). Authors have al so asserted that users
testing high-fidelity prototypes appear nore likely to focus on aesthetic

i ssues rather than to address nore significant usability questions such as
i nfornmati on organi zati on. This has been attributed to users’ perceptions of
the high-fidelity prototype’s conpl eteness (Hong, 2000; Newran and Landay,
2000; Rettig, 1994). Gven this anecdotal evidence, it may seemthat |ow
fidelity prototypes are nore effective for gathering infornmation and
generating ideas. N elsen' s study, however, introduces doubt about whet her

these benefits also apply to prototypes used for heuristic evaluations (1990).
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Dependi ng on the heuristics used, it is possible that such an eval uation
cannot be effectively perforned with a lowfidelity prototype because not al
di mensi ons of the system are available or conplete. Unfortunately, creating a
lowfidelity prototype nay al so be perceived by sonme as “unprofessional and
uni mpressive” if they do not understand its objectives (Newran and Landay,
2000, pp. 270). Prototypes constructed with objectives other than those
descri bed here, such as persuadi ng managenent of product feasibility or
denonstrating new features to potential customers, should probably be high in
fidelity as well, because they serve an entirely different purpose (Rudd and

| sensee, 1994).

CONCLUSI ONS
The | ow versus high-fidelity prototype debate is defined by both
personal testinony and research. In some cases, attenpts at controlled
experimentation cause argunments to shift fromdifferences in opinion or
experience to the validity of test results. Although there seens to be no
clear path for success, we do know that identifying and reduci ng the nunber of

usability problems early in the devel opnent process with any fidelity

prototype can significantly cut costs (Hackos and Redi sh, 1998). Therefore,
i ncorporating prototyping is an idea worth investigating. This discussion has
shown that the prototype fidelity organi zati ons choose to inplenent depends on
many factors, including:

e Acritical evaluation of existing research and testinmony

e The organization's culture and political structure

e Current software devel opnent stages and practices

e The objectives the prototype is expected to neet

e The skill sets and adaptability of project team nenbers
Si nce each organization is unique, it nust performits own assessnment to
determine the return on investnent for creating either low or high-fidelity

pr ot ot ypes.
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