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Introduction 

This paper examines how the fidelity concept is used by the HCI commu-
nity to categorize prototypes. Two fidelity categories are normally used 
when categorizing prototypes: low- and high-fidelity. Rudd et al. (1996) 
give a detailed description of these categories and are often referred to by 
the HCI community, see for example Preece et al. (2002). Therefore, Rudd 
et al. will be used to represent the HCI community’s view of fidelity in this 
paper. 

Our inspection of the fidelity concept is achieved by trying to position 
the Wizard of Oz methodology in the correct fidelity category. This meth-
odology entails that the user believes that he is interacting with a computer 
program when in fact he is interacting with a human. There are many ways 
one can use this methodology but the one chosen is the Ozlab system, de-
veloped at Karlstads University. It was chosen because it fully implements 
the Wizard of Oz methodology and also because it extends the modes of 
human enabled and monitored interactivity to the graphical user interface 
(GUI). The positioning of the Wizard of Oz methodology is done by posi-
tioning the Ozlab prototypes. 

The purpose of any prototype is largely defined by the demands posed 
by the current activities of the software development process. In this paper 
we have chosen to focus on the prototyping that is done when gathering 
and communicating users’ requirements on the proposed system’s graphi-
cal user interface and functionality. Ozlab and low-fidelity prototypes are 
only used for this purpose and because of this it is not possible to compare 
these to high-fidelity prototypes in any other context. 

The paper starts by describing the low- and high-fidelity categorization. 
After this it is argued that the characteristics of low- and high-fidelity pro-
totypes, namely their advantages and disadvantages, are directly related to 
how automatically the prototype responds to the user’s actions. A presenta-
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tion of the Wizard of Oz methodology and the Ozlab system is made be-
fore attempting to position an Ozlab prototype in its fidelity category. The 
attempted positioning of Ozlab prototypes results in another categoriza-
tion, based on the prototype’s level of automatic response production. 

Characteristics of High- and Low-fidelity Prototype s 

Rudd et al. (1996) characterize low-fidelity prototypes as “limited func-
tion, limited interaction prototyping efforts […] constructed for illustrating 
concepts, design alternatives and screen layouts.” These are usually con-
structed using paper and pencil and standard office supplies. However, in-
teraction with paper prototypes can be simulated, for instance Rettig 
(1994) simulates the interaction flow by having a person act instead of the 
computer. That person will change between the different papers that corre-
spond to different screen layouts in the system in response to the user’s ac-
tions. Input to the system is indicated by the user pointing on drawn con-
trols or otherwise.  

In contrast to the characterization of low-fidelity prototypes, Rudd et al. 
(1996) define high-fidelity prototypes as being “fully interactive” meaning 
that a user can “interact with the user interface as though it is a real prod-
uct.” Rudd et al. continue by stating that these kinds of prototypes look and 
act so real that the user in many cases cannot tell it apart from the real 
product. High-fidelity prototypes are usually constructed using high-level 
languages such as SmallTalk or Visual Basic. Bönisch et al. (2003) define 
an intermediate level of fidelity where the prototypes are capable of show-
ing part but not all of the interactivity. According to Bönisch et al. these 
are constructed using tools like Powerpoint®, Hypercard or Tcl/Tk. 

Different advantages and disadvantages are mentioned when low- and 
high-fidelity prototyping is discussed. In Table 1 we 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 different advantages and dis-
advantages ascribed to both low- and high-fidelity prototyping efforts one 
sees that many of these can be explained by how automatic the response 
production of a prototype is. 
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Table 1. Advantages and disadvantages of high- and low-fidelity prototypes from 
Rudd et al. (1996).  

Type Advantages Disadvantages 
Low-fidelity 
prototype 

Lower development cost.  
Evaluate multiple design 
concepts.  
Useful communication device.  
Address screen layout issues. 
Useful for identifying market 
requirements. 
Proof-of-concept. 
 

Limited error checking. 
Poor detailed specification to 
code to. 
Facilitator-driven. 
Limited utility after 
requirements established. 
Limited usefulness for 
usability tests. 
Navigational and flow 
limitations. 

 
High-fidelity 
prototype 

 
Complete functionality.  
Fully interactive.  
User-driven.  
Clearly defines navigational 
scheme. 
Use for exploration and test. 
Look and feel of final product. 
Serves as a living specification. 
Marketing and sales tool. 

 
More expensive to develop. 
Time-consuming to create. 
Inefficient for proof-of-
concept designs. 
Not effective for requirements 
gathering. 
 

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

We have divided the advantages and disadvantages into four different 
subject areas: user-driven-versus-facilitator-driven, development costs, 
early exploration of the design space and reusability as a specification. 

 
User-driven-versus-facilitator-driven 
According to Rudd et al. (1996) a high-fidelity prototype is more suitable 
for user testing and exploration because it “will respond in a manner that 
represents the behaviour of the eventual product.” Their article differenti-
ates between low- and high-fidelity prototypes largely by the manner in 
which the prototype responds; a high-fidelity responds by itself (i.e. it is 
user-driven) in contrast to low-fidelity prototypes that are facilitator-
driven. We believe that what the authors’ really are talking about is 
whether the response production is fully automatic (user-driven) or non-
automatic (facilitator-driven). A prototype can then only be thought of as 
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being completely functional and fully interactive  when its responses are 
automatically generated. 

A high-fidelity prototype can be used to evaluate both the look and the 
feel of the proposed system (not just the look as is the case with low-
fidelity prototypes) because it is implemented as a autonomous piece of 
software. 

 
Development Costs 
Rudd et al. (1996) characterize a high-fidelity prototype as being fully in-
teractive, meaning that a user can expect the prototype to respond to 
his/her actions automatically (i.e. no human facilitator is needed). In addi-
tion of creating a high-fidelity prototype’s graphics one also needs to pro-
gram it to be automatic. It is important to understand that a low-fidelity 
approach does not mean that the graphics created are of inferior quality, in 
fact these too are sometimes created on the computer (Rettig 1994). When 
demonstrating low-fidelity prototypes to clients it is typical that high-
fidelity graphics are created simply because, as Rettig (ibid.) puts it, “you 
want to look sharp.” Therefore, the added cost for a high-fidelity proto-
type is usually in the form of time and money invested in making the pro-
totype act on its own.  

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

According to Rudd et al. (1996) a high-fidelity prototyping effort some-
times ends up “requiring many weeks of programming support.” The time 
spent on programming one automatic prototype could be used to evaluate 
multiple design concepts if low-fidelity prototyping was used. Myers’ & 
Rosson’s (1992) study of 74 software projects showed that an average of 
50.1% of software implementation (i.e. programming) time was used on 
the user interface, confirming that programming user interfaces is a com-
plex task. The time it takes to construct a fully automatic prototype also 
explains why it is inefficient for proof-of-concept designs. 

Implementing automaticity in prototypes will influence the cost of a 
prototype negatively. Cost is then also related to the degree to which one 
chooses to implement automatic behaviour in a prototype. 
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Early Exploration of the Design Space 
As concerns early communication between stakeholders in a software pro-
ject, a fully automatic prototype is always at the mercy of its automaticity. 
It will not fudge even if the discussion demands it. Fudgeability in a sys-
tem is difficult to achieve, as Cooper & Reimann (2003) note, “because it 
demands a considerably more capable interface” (p. 210). Changing a pro-
totype with implemented automaticity is always a matter of reprogram-
ming, debugging, and compiling it again. Another approach involves try-
ing to achieve an overall fudgeability in the prototype’s interactivity, but 
then again this would result in even more time being wasted on program-
ming. A manual prototype on the other hand is inherently fudgeable be-
cause the interactions it provides are manually produced. The fudgeable 
nature of a manual prototype means that one can explore a larger range of 
design issues than when using an automatic prototype. Constantly having 
to reprogram an automatic prototype is not cost effective when identifying 
market and user requirements and it will impede early exploration of the 
design space. The low-fidelity prototypes fudgeable/manual nature makes 
them ideal for addressing screen layout issues. That is, these two advan-
tages are directly related to how automatic the response production of the 
prototype is. 
 
Reusability as a specification 
Rudd et al. (ibid.) are of the opinion that low-fidelity prototypes have limi-
tations when it comes to depicting navigation and flow and that high-
fidelity prototypes, in contrast, clearly define the navigational scheme. 
Low-fidelity prototypes do not contain information detailed enough for er-
ror messages, the layout, and architecture of help panels (ibid.). The pre-
sent authors do not believe it has so much to do with the low-fidelity ap-
proach; rather, it is a factor of how high one sets his/her goals. However, a 
programmer cannot freely explore a low-fidelity prototype because its re-
sponses must be produced by a human facilitator making it less of a “liv-
ing” specification than a high-fidelity prototype. This is a direct conse-
quence of the low-fidelity prototype’s manual nature (although one can 
greatly alleviate this problem by making video recordings of test sessions). 

Again, how automatic the response production of a prototype is explains 
to what extent it can be used as the proposed system’s specification.  

Finally, a specification in the form of a high-fidelity prototype is well 
suited as a marketing and sales tool because its implemented automatic-
ity allows stakeholders and potential customers to interact 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 Kelley (1983) as the OZ 
Paradigm, was originally a non-graphical technique used in research con-
cerning natural language interfaces (NLI). The methodology entails that 
the user believes that he is interacting with a computer program when in 
fact he is interacting with another human, called a wizard. The wizard acts 
instead of the program, giving the user feedback and output when needed. 
Therefore, the user is able to interact with a prototype as if it was a real 
computer program, while the wizard produces the responses of the pro-
gram. The wizard can be either hidden or visible to the user. This depends 
on what is being tested and who the user is. 

This methodology makes it possible for prototypes to implement com-
plex technology, such as speech recognition, without having access to the 
technology itself or without having to be hindered by some limitations that 
the technology poses. In other words, it allows for interaction with pro-
grams or technology not yet created and enables researchers and product 
developers to gain insight to the user’s experience without having to fully 
implement the technology or software. 

The Ozlab System and Interaction Shells 

The Ozlab system is a simulation-kit for faking a program’s interactivity in 
a Wizard of Oz manner. In doing so it extends the Wizard of Oz method-
ology from a non-graphical technique to letting the wizard control the out-
put in the GUI. This means that one can create prototypes in the Ozlab sys-
tem, called interaction shells, and then fake the prototypes interactivity in 
such a way that the user believes the interaction to be automatic. The sys-
tem was developed within the Centre for HumanIT at Karlstads University 
by the department of Information Systems in collaboration with the de-
partment of Special Education. Others have used the Wizard of Oz meth-
odology in a GUI setting but then mainly for the purpose of including new 
input modalities into an existing software prototype or system (e.g. Dahl-
bäck et al. 1993; Höysniemi et al. 2004). What is unique for the Ozlab sys-
tem is that one does not need an existing prototype or system to start user 
testing because it is used by itself to fake a complete prototype and all of 
the interactions it offers. 
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The system can be used in ordinary usability laboratories containing a 
one-way mirror which enables the wizards to see the user but prevents the 
user from seeing the wizards. However, a laboratory is not necessary in 
order to use the Ozlab system. 

The graphical appearance of the prototype is created using Macrome-
dia’s Director. The interaction of the prototype is created live by the wiz-
ard during user testing with the help of the Ozlab system. The interaction 
shells are made by first creating the different graphical elements of the 
GUI and then placing these as they would appear in the real program. Af-
ter the layout is completed the individual elements are prepared for wizard-
produced interactivity by attaching so called behaviours (i.e. drag-and-
droppable code snippets) on them. There are currently about 20 different 
behaviours in the system. During experiments they enable the wizard to 
manipulate the element in the GUI to behave in a specific way in response 
to a user’s action. Moreover, these behaviours are able to reflect the state 
of the element as it is seen on the user’s screen. The behaviour “Hideable 
by the wizard” for example makes it possible for the wizard to decide 
when that element should be made visible; in Figure 1a and 1b a frame that 
is “hideable by the wizard” is used in order to highlight a specific number. 

 
Wizard’s view  of the interaction shell: 

 

User’s view  of the interaction shell: 

 

 
 

 

Fig. 1a. & 1b Wrong answer marked with 
a red frame (from Nilsson, 2005) 

 
As shown in Figure 1a the wizard has two control panels that are visible 

above and below the interaction shell when it is user tested with the Ozlab 
system. The control panels can be used by a wizard to control what is 
shown on the user’s screen in several different ways. In Fig. 1a one can 
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also see two different mouse cursors in the wizard’s view. The larger ar-
row is green and shows where the user’s mouse cursor is located and it be-
comes red when the user presses the left mouse button. 

Interactions Shells – Low- or High-Fidelity? 

One would expect that positioning Ozlab prototypes (interaction shells) in 
the correct fidelity category is accomplished easily. An interaction shell 
would seem to be of high fidelity if the measure of fidelity is assumed to 
be based on the user’s expectations of an interactive system. Conversely, 
in the developer’s eyes the very same prototype would seem to be of low 
fidelity. 

As described previously the user’s experience of an interaction shell is 
that it is “real” but the wizard/developer, knowing that the responses were 
produced by him/her, is of course of another opinion. The difference of 
opinion can be explained by one factor, the dissociation of a prototype’s 
implemented automatic behaviour and what the user perceives as being 
automatic in an interaction shell. This dissociation does not exist in tradi-
tional prototypes because everything that is perceived as automatic is in 
fact automatic. 

Another approach to position interaction shells is to compare an interac-
tion shell to the advantages and disadvantages ascribed to low- and high-
fidelity prototypes (see Table 1). When comparing with the advantages for 
low-fidelity prototypes one can conclude that making an interaction shell 
is a low cost effort when compared to high-fidelity prototypes. Low-cost 
effort in turn makes it possible to evaluate multiple designs concepts. An 
interaction shell is, just like a low-fidelity prototype, useful for addressing 
screen layout issues. Making a video recording of a simulation session us-
ing the Ozlab system would also suffice as a proof-of-concept. Comparing 
with the advantages for high-fidelity prototypes claimed by Rudd et al. one 
finds that even if interaction shells are not programmed to be interactive 
they are at least perceived as being fully interactive and complete in func-
tionality. Therefore, an interaction shell also has some of the advantages of 
being user-driven. It can also be explored and tested as well as mimic the 
look and feel of the final product truthfully. The present authors have not 
in three years of using interaction shells had anyone questioning the reality 
of them (if not made obvious by the test setup). Making screen recordings 
of a test can be used as a specification, but because it is not possible to in-
teract with a recording it cannot be used as a “living” specification in the 
same way as a traditional high-fidelity prototype. A video recording of a 
test session can also be used as a marketing and sales tool, and in some 
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cases it might also be viable to conduct Ozlab simulations at the client’s 
offices or at a trade show. To conclude, an interaction shell is not able to 
live up to all of the advantages listed for high-fidelity prototypes. 

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

Trying to position interaction shells according to their fidelity resulted 
in an ambiguous position because of the dissociation of perceived and im-
plemented automaticity in interaction shells. The next section will exploit 
this dissociation for the purpose of presenting another way of categorizing 
different types of prototypes. 

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

The HCI-community has no problem categorizing prototypes according to 
their fidelity, but one rarely sees any attempts at clear-cut definitions of fi-
delity in this context. The definitions of fidelity revolve around the per-
ceived fidelity from the user’s perspective (see for example Tullis in Rudd 
et al. 1996). However, it is frequently so that it is the developers’ view of 
fidelity that is used as the standard which leads to that one and the same 
prototype can be categorised differently depending on the assumed point 
of view. Fidelity is then something that is perceived and as such it is also a 
subject of interpretation through our preunderstanding. It is easy to judge a 
representation’s fidelity if the representation has a counterpart in the physi-
cal world. But when developing an interactive system one does not have 
the finished system to compare with. It is then difficult to establish the 
fidelity of a prototype by referring to the final system. For these reasons it 
is difficult to compare different types of prototypes based on their fidelity. 

Instead of focusing on fidelity as an approximation of the final system 
one could think about low- and high-fidelity prototypes as being on a scale 
that describes how the prototype responds to a user’s actions. This scale 
ranges from non-automatic to fully automatic response production. What 
Rudd et al. (1996) mean is “interactive” in high-fidelity prototypes is in 
this context understood as the parts of a prototype that are able to respond 
automatically to a user’s actions. A high-fidelity prototype is found on the 
fully automatic part of this scale because all of the parts that the user per-
ceives as automatic in it are indeed automatic (i.e. no human facilitator is 
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needed). The way Rettig (1994) conducts user testing with paper-
prototypes is also interactive in this context but because the interaction is 
mediated by a human facilitator one would find this prototype at the non-
automatic part of the scale. An interaction shell would also be located at 
the non-automatic part of the scale because all of its responses are gener-
ated manually by the wizard. Somewhere at the middle one would find 
prototypes that are semiautomatic needing a human facilitator at times 
(e.g. to simulate different functions not implemented in the prototype) and 
at times being automatic. The experiments Bönisch et al. (2003) conducted 
and Wizard of Oz experiments in a GUI setting that only include a new in-
put modality into an existing software prototype (Höysniemi et al. 2004) 
are examples of semiautomatic prototypes.  

Furthermore, one also needs a second dimension describing the per-
ceived automaticity because, as previously described, a prototype can be 
perceived as being automatic even if no automatic behaviour was imple-
mented, as is the case with interaction shells and other Wizard of Oz im-
plementations. This scale ranges from perceived as manual to perceived as 
automatic.  

The automaticity plane presented has two axes: implemented and per-
ceived automaticity. However, this plane does not describe the content of 
the prototype. Therefore, a third dimension is added, precision. 

Precision is a term that Beaudoin-Lafon & Mackay (2003) prefer instead 
of low- and high-fidelity because they feel that the word “refers to the con-
tent of the prototype itself, not its relationship to the final, as-yet-undefined 
system.” Precision is described as “the level of detail at which the proto-
type is to be evaluated” and it is a scale that ranges from rough to highly 
polished (ibid.). An example of precision in practice is that one does not 
need to specify the exact wording of a label when the goal is to only ad-
dress screen layout issues. Beaudoin-Lafon & Mackay (ibid.) also note that 
precision is something that changes over time as the prototype develops. 
The medium one chooses for the prototype, e.g. paper or a computer will 
also affect precision. This choice will have an effect on the feel of the pro-
totype but also the look, as colours, for example, will look different on a 
computer screen compared to a paper printout. 

All of the dimensions described construct a three dimensional model of 
fidelity in which prototypes exist. These dimensions are: implemented 
automaticity, perceived automaticity, and precision (see Fig. 2). 
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Fig. 2. A three dimensional model of fidelity. 

Concluding remarks 

It is possible to categorise an Ozlab prototype as being of low- or high-
fidelity depending on if it is the user’s or the developer’s view of fidelity 
that is used. Interaction shells also share many of the advantages and dis-
advantages ascribed to both low- and high-fidelity prototypes.  

The problems encountered when trying to position interaction shells in a 
fidelity category were caused by the fact that the HCI-community has not 
yet produced a clear-cut definition of fidelity. Consequently we made the 
positioning by focusing on the prototypes implemented and perceived 
automaticity. In doing so, both the users’ and the developers’ views of fi-
delity are catered for. A prototypes precision was also identified as a key 
factor in determining a prototype’s fidelity. The factors mentioned above 
resulted in a three dimensional model of fidelity (Fig. 2) that can be used 
for positioning a prototype. 
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