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ABSTRACT
Language Technology (LT) based applications becomemore
popular as technology improves. Prototyping early in the
design process is critical for the development of high quality
applications. It is difficult, however, to do low-fidelity proto-
typing (e.g. paper prototyping) of applications based on LT.
One technique that has been used for this kind of prototyping
is Wizard of Oz (WOZ). However, this generally involves
the development of one-off user and wizard interfaces. A
tool that facilitates the flexible integration of LT components
into WOZ experiments is desirable. In this paper we explore
the requirements for such a tool, drawing from the literature
and a first WOZ experiment in which different wizards were
observed and their behaviour was analysed.
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INTRODUCTION
We report on work in progress that aims to build a novel pro-
totyping framework for Wizard of Oz (WOZ) experiments.
The focus lies in supporting the flexible integration and us-
age of language technology components (LTC). Such com-
ponents are seeing increasing deployment in a variety of
consumer applications. Examples include automatic speech
recognition (ASR) used in cars to keep a drivers’ attention on
the road [15], interactive voice response systems using com-
bined ASR and text-to-speech synthesis (TTS) technologies
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to automate processes such as buying tickets [13], and the in-
creased usage of web-based machine translation (MT) tools
such as Google Translate. Developing and tuning applica-
tions incorporating language technology to the point where
they can be used with end users can be both time and cost
intensive, which makes it difficult to explore design options
early in the development lifecycle. Hence effective ways of
testing early-stage prototypes are needed.

Existing tools and evaluation techniques have generally ei-
ther focussed on the technology, i.e. aiming to improve the
quality of single LTCs (e.g. using benchmarks in the de-
velopment of speech recognisers), or explore only the users
perspective through completely replacing the LTC by a hu-
man (e.g. pure WOZ tools). In both cases test results tend
to inform only one side of the interaction. An alternative
would be to provide tools that support human augmentation
of LTC results, in a WOZ environment, and hence allow
for exploration of the interaction with a proposed technol-
ogy over several iterations, and potentially with increasingly
effective language technology components as the system is
tuned for the application context.

Dialogue management tools like the CSLU toolkit [27] or
low-fidelityWOZ tools like SUEDE [16] are less suitable for
this kind of prototyping. Dialogue management tools typi-
cally allow a relatively limited range of application types to
be prototyped, and include few features to supportWOZ pro-
totyping. Similarly WOZ tools offer very limited coverage
of the application space and do not support mixed-fidelity
prototyping in which language technology components are
used to process input and output, as well as the human wiz-
ard. Our goal is therefore to design a WOZ prototyping en-
vironment that facilitates an easy integration of LTCs (i.e.
ASR, TTS, MT, etc.) into WOZ experiments. The idea of
WOZ experiments is that a “human wizard” mimics a com-
puter system. The wizard requires a special-purpose user
interface to communicate with test participants. The inter-
face serves two purposes. First it allows the wizard to select
responses for the participant, allowing the dialogue to pro-
ceed, and preferably providing for a consistent (and in some
cases mechanistic) behaviour which is needed to make test
participants feel that they are interacting with a real system
[6]. Second, it is meant to support the cognitively highly de-
manding task of the wizard [24] by allowing them to keep
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track of the dialogue history, dialogue state, and available
options.

In this paper we discuss the requirements for our framework.
Identifying these requirements started with an analysis of the
literature and existing WOZ and dialogue management sys-
tems, we then gathered and analysed a number of experi-
mental scenarios, with associated sketching and prototyping
activities regarding possible tool support, and conducted a
WOZ experiment in which several wizards were observed
and their behaviour analyzed, with subsequent retrospective
interviews. A web-based architecture for tool support is pro-
posed based on this analysis.

PREVIOUS WORK
The first use of Wizard of Oz (WOZ) as a design method for
early-stage prototypes occurred almost 40 years ago when
Erdman & Neal [7] tested the concept of a self-service air-
line ticket kiosk. In general, it has been applied to inform
the design of systems incorporating technology components
which do not yet exist, or for which the significant engi-
neering effort required for implementation was inappropri-
ate at the prototyping stage. As such it for instance facil-
itates the development of rich dialogue models or supports
the exploration of the naturalness of an interaction. Several
researchers have highlighted the importance of early user
studies informing the design and development of computer
systems (e.g. [10] [3]). In the case of natural language in-
terfaces, examples show that WOZ studies are seen as an
effective way of achieving this. That is, as opposed to as-
suming a certain dialogue flow, WOZ experiments help to
explore the dialogue space in more detail [6].

WOZ and Language Technology
In recent years WOZ has been used in various projects deal-
ing with natural language in order to gain early feedback
on user behaviour. [22] used it to test their multi-modal ac-
cess to a mediadata base and [13] as an analysis instrument
for their spoken dialogue system. Other published exam-
ples include simulating a virtual doorman [20] and testing a
web based companion [2]. Aspects that were explored com-
prise dialogue design, multimodal information retrieval, hu-
man agent interaction and emotion. In doing so two different
categories of tools for conducting experiments can be distin-
guished. On the one hand there are Dialogue Management
(DM) tools, which are mainly focusing on the evaluation of
LTCs. On the other hand one finds specialized WOZ tools
that make less use of already existing technology but rather
test novel ideas by relying on a human simulation.

Dialogue Management Tools
Examples of DM tools are the CSLU toolkit [27], CMU’s
Olympus dialogue-framework [1] and the Jaspis dialogue
management system [28]. The main goal of DM tools is
to test the language-based interaction between a human and
a machine and design the dialogue flow. They integrate var-
ious LTCs like ASR, TTS and for instance Talking Heads,
under some kind of Rapid Application Development frame-
work. As such their focus lies on testing and improving

technology components. A disadvantage of this is, how-
ever, that when dialogues are designed the DM tools do not
allow for external intervention during runtime. Therefore,
the dialogue success solely depends on the quality of the
used LTC, which restricts their ability to explore experiences
users could have but are not yet supported by the technology.
Exploring the user experience before investing in technology
is, however, an important part of what WOZ studies aim to
do. Hence, the strong focus on existing technology limits the
suitability of DM tools for WOZ experiments.

Pure WOZ Tools
The second category of tools used focuses mainly on the de-
sign and conduct of pure WOZ experiments. While these
also start with the design of a human-machine dialogue, no
LTCs are typically used. Instead a human wizard acts as a
machine and chooses from different predefined response ut-
terances. The main goal of WOZ tools such as SUEDE [16]
is to inform the dialogue design and investigate user experi-
ence. They allow for more flexible interactions, and support
the exploration of user experiences that might not yet be sup-
ported by available LTCs. The outcomes of those studies are
not technology dependent but rather rely on the skills of the
wizard. Hence, the quality aspect of tests is suddenly shifted
from the reliability of a technology component to the consis-
tency of a human, which, however, makes the wizard’s task
cognitively highly demanding [24].

LANGUAGE TECHNOLOGY COMPONENTS
LTCs as for instance ASR and TTS engines have been suc-
cessfully integrated into several applications, with interac-
tive voice response systems receiving widespread commer-
cial deployment. Systems like Let’s Go [23] and DARPA
communicator [31] were used to provide customers with sched-
ule information over the telephone for flights [13], trains [17]
and buses [29]. Speech technologies have been integrated
with MT in prototypes which support multilingual commu-
nication during meetings [30], doctor-patient consulations
[25] and travelling [21]. MT for more general purposes is
available online, e.g. by Google Translate which currently
supports translation from/to 52 languages and integrates text
analysis (by automatically recognizing the input language)
and TTS (currently only for English output).

In addition to these scenarios, LTCs are also used in set-
tings in which traditional input and output modalities are
less appropriate. Hands-busy eyes-busy situations, for in-
stance require special interaction techniques. In-car navi-
gation, route planning and other services such as electronic
car manuals and interactive hotel reservation systems are
now increasingly accessible via speech input and combined
speech/map output [9]. Moreover, in the areas of tutoring
systems and edutainment as well as in the health care sector
[14] language technologies are used in several multi-modal
settings. Here mainly prototypical implementations of Em-
bodied Conversational Agents show interesting application
possibilities, including areas such as computer-based mental
health care [5] and helping people learning about computer
literacy and physics [11].
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While the use of language technologies is undoubtedly in-
creasing, several barriers remain to widespread its applica-
tion. Language technology components are unavoidably im-
perfect, particularly in the case of ASR. Although state of the
art recognition algorithms promise word error rates (WER)
as low as 20% [12] and less than 10% within specified do-
mains [26], different accents and dialects can increase this
value significantly [19]. To improve this examples have shown
that domain data can be used to train speech recognizers. [ 8]
for instance uses previously used material like transcribed
speech frommeetings and presentations to decrease theWER
for public speeches and lectures. A similar approach can be
applied to increase the quality of MT. Thus a major chal-
lenge in the design and development of language technol-
ogy applications is the need for domain-specific collections
of text (corpora). Application designers and engineers need
to invest significant time and effort in building up these re-
sources in order to tune the components to an acceptable
quality level.

On the other hand, some studies show that even if the used
technology is flawed, people may be able to successfully
accomplish given tasks. It has been demonstrated that by
adapting the dialogue in cases where the ASR is poor, the
overall user satisfaction can be increased [18]. Thus, we
see three separate issues which might be supported through
an effective prototyping tool: facilitating interactions with a
(WOZ) prototype, so that language resources can be gath-
ered; exploring interaction strategies to allow the users to
overcome the limitations of the technology; and investigat-
ing what level of quality is required from the LTC’s in or-
der to deliver a satisfactory user experience, and allow the
users to successfully complete their tasks. These correspond
to the major “use cases” for the tool - gathering language
resources, exploring interaction design, and evaluating lan-
guage technology components.

Discussion
In summary, previouswork has shown thatWOZ can be used
to inform the design of applications that incorporate lan-
guage technologies. Tools that enable testing various LTCs
in different settings, however, are missing. In addition it was
identified that the task of the wizard is cognitively highly de-
manding and the use of contextual information and domain-
specific knowledgemay be used to leverage error prone tech-
nology components. It is therefore important to providemeth-
ods and tools that help the wizard, allow for a flexible inte-
gration of LTCs, and support the prototypical exploration of
different application scenarios. Existing prototyping tools
do not meet these requirements. To date two different types
of tools are used, both of which have their advantages and
drawbacks. In order to combine their qualities, i.e. the tech-
nology support of DM and the flexibility of WOZ tools, we
propose to create an environment that supports the easy in-
tegration of LTCs into a WOZ framework. This framework
should on the one hand allow for a flexible usage of dif-
ferent LTCs. On the other hand, it should provide ways of
capturing and analysing contextual information and domain
knowledge. As such, we aim for a platform that supports
the conduct and analysis of experiments, and incorporates

modules like ASR and MT, as well as human interventions.
Unlike other tools, however, we treat the DM as simply an-
other component that can be paramaterised or replaced ac-
cording to the needs of the design to be tested. In doing so
the LTCs are not only evaluated, but also used to support
the wizard’s task and make the experiment outcome more
consistent. Finally we also aim for an easy integration of
additional modalities.

A PROPOSED FRAMEWORK
Following a review of existing tools, a range of scenarios for
WOZ and mixed-fidelity experiments involving LTC’s was
gathered (see Figure 1). These were used to produce a num-
ber of prototype designs and sketches, with a view towards
producing a framework which is adaptable to different dia-
logue models and scenarios.

Figure 1. Scenarios that were used to produce prototypes and sketches.

A main issue that was identified during this process is that a
future framework would need to allow for an easy integra-
tion of components. One click should be enough to incorpo-
rate them into a wizard interface. In doing so it seems im-
portant to incorporate technology that helps the wizard but
keeps her in control of the dialogue. For instance, a built-
in ASR module could recommend possible response utter-
ances so that the wizard only needs to search through a list
of responses in cases where the recognizer fails. Other ex-
amples would include a MT module supporting the wizard
in a multilingual test setting or a Natural Language Under-
standing (NLU) module recommending the next utterance.
Also it seems that there is a need for supporting the analysis
of conducted experiments. Therefore the proposed frame-
work should offer the possibility to export logging data with
enough annotation to allow correlation with audio and video
recordings. A way of bringing results back into the design
stage could then close the test cycle and inform the start of
another round of experiments.

System architecture
The proposed flexible use of LTCs puts certain requirements
on the system architecture. Existing DM tools, for instance,
use some sort of pipeline architecture in which the output
of one component serves as input for the following compo-
nent. A strict sequence of those inputs and outputs leaves
little flexibility for human intervention. Specific WOZ tools
on the other hand tend to collect all input in one place and
leave it to the humanwizard to deal with it. A structured pro-
cess that makes use of LTCs is missing. Hence, in order to
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combine the flexibility of WOZ and the technology support
of DM a different architecture is needed.

In order to freely combine different LTCs we investigated the
relationship between them as well as the role the humanwiz-
ard plays upon them. Looking at different application sce-
narios for WOZ experiments we were able to abstract four
different states a LTC can be in. That is, a specific LTC can
be relevant for a given scenario (e.g. ASR in a hands-busy-
eyes-busy situation) or irrelevant (e.g. MT in a monolingual
setting). Consequently a LTC can be ON or OFF. In cases
where a component is ON we can distinguish between three
different states (see Figure 2). In situations where a used
LTC satisfies the demands of an experimental setup the wiz-
ard does not need to alter the output (ON). In settings where
one wants to simulate a better or different technology be-
haviour, the wizard’s task is to correct or change the output
(COR). Finally, in cases where a specific LTC is relevant but
not available it is up to the wizard to simulate the whole com-
ponent (SIM). Looking at those four states we were able to
deduct several rules that apply for consecutive components.
That is, first a component that is ON can be followed by a
component in any other state. Second, a simulated (SIM)
component must be followed by a fully functional compo-
nent (ON). In cases where two or more consecutive com-
ponents are simulated (SIM) the simulation of all of them
merges into one. The same applies for consecutive correc-
tion (COR) components. Finally, a component can only be
in correction (COR) state, if the previous component is fully
functional (ON). Using these rules it seems possible to de-
fine a system architecture that flexibly combines different
LTCs.

Figure 2. The relationship between LTCs: An LTC can be OFF (not
relevant to a scenario) or ON (LTC output is used). Depending on the
wizard’s task, an ON component can additionally be CORR (the wiz-
ard corrects its output) or SIM (the component is fully simulated by the
wizard). Consecutive components are merged (grayed out).

Interface Layout
As a next step we wanted to gain a better understanding of
the role of the wizard in order to identify specific require-
ments of a WOZ interface. A first prototype of a web-based

tool was built, using an experimental scenario that focussed
on measuring the impact of the quality of machine transla-
tion on a task-based dialogue. The tool was mainly support-
ing a pureWOZmethodology simulating ASR andNLU, but
made use of a text based MT component. Lead by the task a
preliminary dialoguemodel was designed and a wizard inter-
face supporting this dialogue created. Three different mem-
bers of our research team used the tool in an experimental
setting with 12 different test participants.

Observations and retrospective analysis of those sessions gen-
erated insights with respect to the composition of a wizard
interface, as well as illustrating many practical difficulties
associated with being the wizard (interpretation of pauses
by the user, deciding when to initiate a repair dialogue, etc.).
Three factors influencing the interface layout were identi-
fied. The first factor is the scenario that needs to be sup-
ported. That is, in situations where there is a clearly defined
dialogue structure the interface can act as a step-by-step tool.
However, in settings where the interaction between a person
and a system is rather loose and dynamic, a wizard simulat-
ing the system needs more flexibility. The second aspect we
found influential for the interface layout is the role a wizard
is playing. The wizard interface will appear differently when
a wizard is simulating the behaviour of a LTC, compared to
a situation where an actual LTC is in place and the wizard
is only correcting its output. In the second case the interface
needs to offer some kind of edit element whereas in the first
case no interface element is needed at all. The third factor
identified is the modality throughwhich a test participant in-
teracts with the system. For instance, a situation in which a
participant would interact with a system by speech only is
treated differently to a situation in which speech is coupled
with one or more other input modalities. Thus, input modal-
ities can be active, like text input or gestures, or passive as
for instance location parameters. Both cases have a different
effect on the wizard interface.

Common concepts across various scenarios
Guided by several scenarios we were able to define a com-
mon screen layout that is divided into different areas and
consists of certain interface elements. It was found that there
are consistent concepts that could be applied to variousWOZ
scenarios and influence the interface layout (see Figure 3).
Firstly, a wizard interface needs to have a dialogue repre-
sentation area that serves as the main interaction channel be-
tween the wizard and a test participant. Second, based on our
experiment as well as the literature there is a need for a rep-
resentation of the dialogue history. In other words, a wizard
should be able to see what has happened previously in the
dialogue. A third commonality between different WOZ ex-
periments is that they all have a built-in way of dealing with
errors. An interface area that is dedicated to dialogue repair
strategies is commonly used. Finally, in cases where the dia-
logue progress is based some kind of slot filling mechanism,
the status of those slots needs to be visible to the wizard. Us-
ing these concepts we were able to define an abstract generic
interface structure that can be used in different WOZ scenar-
ios.
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Figure 3. An abstract wizard interface with areas corresponding to
consistent concepts that could be applied to various WOZ scenarios.
These concepts are the dialogue representation, the dialogue history,
repair strateties and statue of slots to fill.

The role of the Wizard
After defining the abstract layout of an interface, it is then
important to look at the LTCs that are actually used in a
given scenario and what role the wizard plays upon them.
In situations, for instance where ASR is used the wizard’s
task could consist of simulating (SIM) the recognition, cor-
recting (COR) the output of a faulty recognition engine or
simply acting upon the output of a working recognition en-
gine (ON). In all cases the abstract layout of a wizard inter-
face can be the same, the particular elements enclosed, how-
ever, might differ. That is, where in the case of simulation an
‘output element’ is necessary, in the case of correction some
kind of ‘edit element’ is required and in the case where the
wizard acts upon a recognition result a ‘display element’ is
sufficient. Hence, based on the LTCs that apply in a given
scenario and the role the wizard plays upon them it is possi-
ble to derive certain requirements for interface elements.

The input modalities
By looking at the different input modalities for a scenario,
additional elements can be identified that might influence the
interface layout. For example, if there should be a possibil-
ity for a test participant to interact with the system not only
through speech but also via gestures, some way of displaying
these gestures to the wizard must be found. Another exam-
ple would be a scenario that requires providing the wizard
with location parameters in cases where location based in-
formation is simulated.

Software Platform
When creating a new software framework, one also needs
to think about the support of different platforms. Existing
WOZ and DM tools mostly require a certain platform depen-
dent configuration of the host system in order to run smoothly.
Also they typically need an installation routine and a very
specific experiment setup (i.e. several computers acting as
clients and servers, multiple screens, cameras, microphones,

etc.). Recent hardware and software developments, however,
already allow for a less intrusive way of testing interactions.
Laptops with integrated cameras and microphones and net-
work technologies that on the one hand support the reliable
transmission of audio and video and on the other hand pro-
vide access to several LTCs, offer completely new possibil-
ities. We propose to make use of those technological ad-
vances and create a mainly web-based framework. As such
a generated wizard interface should run on an off-the-shelf
computer without the need for special settings. The same
should apply for the interface with which a test participant
interacts. Also, since web application frameworks such as
Ajax offer almost the same functionality as software that is
locally installed [4], we can overcome lengthy installation
routines and platform dependencies. Finally, in terms of lan-
guage components the usage of 3rd party APIs and web ser-
vices would offer great flexibility. In summary, by having
a fully web-based implementation of a WOZ framework we
would be able to offer new possibilities when it comes to
running WOZ based user studies. That is, in theory it would
not matter anymore whether a wizard is hidden next door or
actually works from a different country since the framework
providing the interfaces for the different parties and collect-
ing the data would live online.

CONCLUSIONS AND FUTURE WORK
We have presentedwork in progress aiming for aWOZ frame-
work supporting the use of language technology components.
A novel system architecture allowing for a flexible integra-
tion of LTCs intoWOZ experiments was proposed. Drawing
from the literature and results of a first WOZ experiment,
several requirements influencing the layout of a wizard in-
terface were identified. Finally, we highlight the advantages
of an internet based WOZ framework from a technological
as well as a flexibility point of view. A prototype is being
developed informed by the results of this first analysis. A
system architecture that supports the flexible use of LTCs is
being adopted and the layout for a generic wizard interface
refined. Future work will also explore the implications of the
use of web technologies for WOZ and evaluate the effective-
ness of this approach.
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