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Abstract— In this article we describe and discuss how Hi-
Fi simulation methods, or Wizard-of-Oz [25], can be employed
in a user-centered approach to develop natural language user
interfaces for robots with cognitive capabilities. By actively
shaping the system both in terms of technology and in interface
design the interest of both users and designers are involved in
the process as stake-holders. We have analyzed two different
simulation studies performed sequentially with different foci, but
within the same overall scenario. The data obtained from Hi-Fi
simulation studies is to a large extent qualitative, but data can
also be used as a resource to be used for component development,
e.g. as training data for speech recognizers. The collected data
may also be used for quantitative evaluation depending on the
experiment design.

I. INTRODUCTION

The creation of an interface for an autonomous robot is
to some extent a very different undertaking than developing
a graphical user interface for software application for the
standard desktop computer.

In the European Cogniron project [1] robots with cognitive
capabilities are investigated from different perspectives. The
overall aim of the project is not to produce a single robot,
instead several scenarios that explore and demonstrate different
types of capabilities are investigated.

In this article we describe and discuss how Hi-Fi simulation
methods, or Wizard-of-Oz [25], can be used in the research on
human-robot interaction, where the specific aim is to explore
and investigate interaction models for robots with cognitive
capabilities. We have chosen to work with Hi-Fi simulations
because we are dealing with technology for which users have
very vague ideas, i.e, there are no cognitive service robots
available on the market. Instead users’ conceptions of service
robots with cognitive capabilities are formed from how robots
are presented in popular culture. Not even designers, i.e,
roboticists, interface designers and usability experts etc, can
fully predict in what manner the robotic artifact they are
creating will be used and accepted. Maulsby et al [27] noted
that “playing the role of an agent” enabled the designer to get
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an in-depth understanding of what type of actions the system
needed to provide. This is also appears to be the case for
human-robot interaction, thus in order to understand how to
design the interactive behavior of a cognitive companion robot
we need to understand what this behavior should be like, i.e.,
formulated as a research challenge:

o What are the requirements for the interactive behavior of
a cognitive companion?

This research challenge is not as straight-forward as it may
seem. First of all the term “cognitive companion” is not well
defined, but if we use the scenarios defined in the Cogniron
project as a definition we end up with a system that should
have the ability to use vision and audio to perceive and
understand its environment, to engage in a continuous process
of acquiring new knowledge and skills to learn tasks from
users by interacting with them. The robot also needs to exhibit
socially acceptable behaviors [1].

Fig. 1. The robot used in the two user studies in a scene from the first

scenario.
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The rest of this article is outlined as follows, first we
describe the Wizard-of-Oz methodology and how this is can
be used in user-centered approaches to design of human-
robot interfaces. Then we describe, compare and discuss two
different studies that explore the theme of the “Home tour”
scenario.

A. Wizard-of-Oz methodology

High-fidelity simulation, or Wizard-of-Oz simulation, is a
methodology used for simulation of high-level functions in an
interactive system. The general idea is to simulate those parts
of the system that require most effort in terms of development
(like a natural language understanding module) or to assess the
suitability of the chosen metaphor. One of the most common
uses of Wizard-of-Oz is employed for finding out how users
treat a system that uses natural language as an interface.

Wizard-of-Oz simulation methodology in its classical form,
i.e., where one user interacts with one (desktop) computer in a
lab environment, has been used since the 1970s. The term itself
was first used by Kelley [25] two decades ago. Malhotra [26]
used the method for simulation of natural language expert
systems. The method has also been used for simulation of
database question answering systems [7], [27] and uni-modal
speech interfaces [3], but also for development of multi-modal
interfaces [29], [30], [32].

The starting point for a Wizard-of-Oz study involves the
construction of a prototype where some features of the system
are for real and where some functions are simulated by
one or more operators who control the system’s actions and
responses.

A classical setup is to put a user in front of a desktop
computer in one room and an operator, a wizard, in another
room. The user is given a scenario by a test leader; a set
of tasks to solve using the novel system and the interactions
between the user and the system are recorded. Since the user
often is unacquainted with systems of that particular kind,
e.g. speech interfaces, or the task, the characteristics of the
setup are that of a kind of a role-play, where the user tries to
engage and act within the given scenario. Once the experiment
is started the user is allowed to interact with the system in the
same way as if the system was for real.

The wizard acts as the system’s high-level reasoning compo-
nent responding to the users actions. During the experiment the
test leader may intervene if the user gets into trouble related to
the use of the (simulated) system. After the user has completed
the scenario the test leader normally performs some kind of
post session interview. At the end of this interview the test
leader briefs the user that the system was in fact simulated and
asks permission to use the data that has been collected during
the experiment for research purposes. If the user does not give
his/her permission the recordings are noted as unanswered and
the data media is erased. If there is some kind of reward to
be given to the user this will be handed over irrespectively of
a negative or positive reply to the request to use data.

B. User-centered design process

Hi-fi simulation is to a large extent a method that provides
qualitative data on human-robot interaction. Hence, we see it
as primarily important in the very early stages of the design
process. During the early phases of the system development
methods that can be used to communicate the intended use
of the product, e.g, mock-ups [9], [14] and scenarios with
synthetic dialogues [17] are of great interest in order to inform
design. When more mature prototypes have been implemented
standard methods for usability evaluation [22] can be em-
ployed in order to ensure that the desired usability goals are
met [8].

By now, the interaction model for a graphical user interface
has become a de facto standard, and is thus known to virtually
all users. The interaction model for a robot, however, is
presented to the user as a tabula rasa, both in terms of lack
of knowledge to predict the behavior of interface components
and the type of tasks that the robot can perform. Normally a
product that is released to the market has undergone several it-
erations of design and re-design. This process may be of lesser
or greater complexity and the methods and work practices of
may differ. However, given the fact that we in a sense are
developing a “product”, we may still employ methods from
user-centered software engineering.

By employing a user-centered approach we implicitly accept
that we are not only observing The process of developing the
user interface, e.g., by taking on the role of evaluating system
and human performance along the lines of [35]. Instead we are
actively shaping the system both in terms of technology [36]
and in interface design [14], [20], hence both users and
designers have a role as stake-holders in this process. Thus
we need to identify values that we aim to support with our
systems [12], as well as to understand that we as researchers
are part of the process [4] and not merely evaluating a system
that has been created by others.

C. Hi-Fi Simulation studies of Human-Robot Interaction

In the Human-Robot Interaction domain there are some
compelling reasons for performing simulations rather extract-
ing data from human-human communication.

In many of the envisioned scenarios human-robot commun-
ication is focused on communication about topics that are
already known to the participants during conversation, making
it unnecessary to address these explicitly using speech during
the execution of a task. First of all there is the matter of the
task that the robot is performing. The tasks that we address
the robot with are either simple or focused on domains where
explicit verbal instructions are rare or only sparsely used by
humans, but seem very important for robots. For instance,
explicit negotiation of easily understood tasks (e.g. fetching
an object from a known location) [17], and communication
concerning detection of humans and description of routes [13].
Secondly, even in scenarios where robots are intended to
replace people, in dirty, dangerous or distant environments,
the work allocation between actual workers and robots may
differ (see [6] for an example of extreme use). This means
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that the conversation between field workers, like divers or
rescue workers would probably be of little direct use to when
developing modules for spoken human-robot communication.

We may also perform simulation studies in order to inves-
tigate hypotheses concerning general aspects of human-robot
interaction, such as social behaviors, e.g, studies of spatial
positioning [40], [41] and collaboration [21].

As a method Hi-fi simulation supports a wide variety of ac-
tivities where designers and users increase their understanding
of a future system. According to [15] these activities can be
categorized along the dimensions try-out, training and testing:

o Try out and conceptualize design ideas, i.e., to rapidly
set-up and perform formative studies in order to concep-
tualize and try out new ideas for the interface that is being
developed.

o Training and education, i.e., to train natural language
components such as speech recognizers. It also provides
an opportunity to educate interface designers by letting
them to take on the role of the system [27], and thereby
increase their understanding of the task.

o Testing, evaluation and study of use, using standard
usability methods for the type of interface that is being
evaluated, for instance using the “Common metrics”
approach according to [35] or evaluation methods that are
especially targeted for natural language user interfaces,
e.g., PARADISE [39]. Last but not least, we include the
study of systems in realistic usage contexts, i.e, observa-
tions that can be analyzed to increase our understanding
of human-robot interaction in general.

II. WIZARD SIMULATION STRATEGIES

When employing Hi-Fi simulation techniques, such as
Wizard-of-Oz, we need to establish what kind of data we
are aiming to collect and how it should be analyzed. When
we are simulating an autonomous robot with the ability to
communicative in natural language we have identified a set
of dimensions, in terms of behaviors and appearance, along
which the system can vary:

o Degree of system realism: Are we going to simulate a
“realistic” system? We must decide to what extent we are
going to simulate system behavior so that they appear as
realistic to the user. For instance, if we are simulating
navigation capability we need to assure that the wizard
does not “equip” the system with a navigation system that
is able to plan ahead, seemingly inferring the intent of the
user. Hence it is important to provide a set of constraints
that bring some realism into the situation of use. This is
what Maulsby [27] refers to being “true to the algorithm”.

o Degree of exploratory freedom: Are we going to simulate
according to an “algorithm”? Decisions that are made
along this dimension concern whether or not we should
allow a completely free and explorative interaction style,
or if we should restrict the task

o Behavioral mimicry: how “natural-like” should the sys-
tem be in terms of appearance and interactive behaviors,
i.e, to what extent should the system imitate “nature”, in

terms of appearance (e.g, using close resemblance with
nature [31]) or interactive capability, e.g, allowing for a
conversational style of interaction that is close to human
capability.

A. Validity of Wizard-of-Oz simulation

Sometimes the Wizard-of-Oz method is criticized for
not providing necessary data for evaluating practical
dialogue.Wizard-of-Oz methods typically fail to involve users
that bring real tasks to the system [23]. This should be seen in
contrast to what is generally believed, namely that the Wizard-
of-Oz method is an open-ended method for collection of data
on user behavior. Allwood and Haglund [2] have noted that
the wizard operator acting a scenario is involved in roles on
different levels. Thus the researcher role involves acting as a
system (wizard operator) and during sessions the wizard can
take on different communicative roles like the sender role, the
receiver role etc. Bell [5] notes that in a task scenario, like a
travel agency dialogue, the wizard not only acts in a system
role but in the role of a travel agent. In reality the behavior of
people acting in a real situation may be quite different from
what people do in a simulated scenario even if the user believes
that she is interacting with a real system.

When simulating a multi-modal system with many different
ways for the user of providing input the cognitive load of the
operators increases. There is sometimes a mismatch between
what needs to be simulated and what suits the cognitive and
perceptual abilities of the wizards. This phenomenon was been
noted by Fitts [10] who proposed a list describing what people
do better than machines and what machines do better than
people!. In a simulation scenario, the problem of function
allocation is twofold. First of all we need to consider the
characteristics of the system we are simulating and secondly
we need to think about the function allocation of the system
we are using for the simulation. Following Sheridan [33]
we see may see Fitts’ List as a set of accepted statements
making up the foundation for how to reason when designing
function allocation. According to Fitts people are better than
machines at detecting small changes in the environment, per-
ceiving patterns; improvising, memorizing, making judgments
and reasoning inductively. Machines are better at responding
quickly to signals, applying great force, storing and erasing
information and reasoning deductively [33]. It is therefore
important that we consider the strengths and weaknesses of
machines and humans when designing and planning Wizard-
of-Oz setups.

Ethical considerations

The use of the Wizard-of-Oz method provides a possible
ethical dilemma for the researcher, since in the classical setup,
the user is led to believe that the system is a real machine.
When the truth is revealed afterwards, the test-leader normally
asks for the permission to use the data. There are a number
of studies that use deception; in fact it seems that the use of

The so-called MABA-MABA list.

270



the term Wizard-of-Oz is always connected to the practice of
deceiving the user. Fraser and Gilbert [11] have argued against
deceiving users on ethical grounds. This ethical dilemma might
be solved by telling the user that the system is simulated,
making the setup part of the role-play. The validity of the
results from a study that is performed in this overt fashion
may be questioned but this is dependent on the purpose with
the study. Dahlbéck et al [7] argue that for some aspects of
dialogue, like the type and frequency of anaphoric references,
it is important that users are deceived rather than engaging in
a role-play type of scenario. We should note that the work by
Dahlbéck [7] and others in the late eighties was mostly done
with systems that used text input. For spoken scenarios role-
playing has been considered useful in multi-user scenarios [24]
and elicitation of error handling strategies [34]. Human natural
language performance is automated to a great extent and
therefore we may assume that phenomena on the low-level
like syntax, and vocabulary used probably are little affected
by the fact that the user knows that the system is simulated
or not.

However, using the Wizard-of-Oz method in the classical,
deceptive manner, ensures the illusion of speaking with a
computer. In a non-deceptive Wizard-of-Oz study, this illusion
might be broken, something which may have an adverse effect
on the result. However, it seems strange to use made up
scenarios and role-play while maintaining the standpoint that
we should deceive the user to the extent that the system is
in fact real. In our view is that it is still an open question if
deception is really necessary?

III. STUDYING THE “HOME TOUR SCENARIO”

The two studies that we are discussing in this paper both
stem from work that is performed in the context of the
European project Cogniron [1] where a set of scenarios has
been defined. In the scenario we have worked with primarily,
the user gives the robot a “tour” of the environment:

In this experiment, a robot discovers a home-like

environment and builds up an understanding of it

and of artifacts in it as taught by humans. This

process is open-ended, i.e., it has no completion: the

robot continues to learn as it faces new situations. A

human shows and names specific locations, objects

and artifacts, to the robot. The robot can engage

in a dialogue in case of missing or ambiguous

information.
This scenario can be characterized as kind of Co-operative
Service Discovery and Configuration, stressing the way the
user and robot is intended to engage in a joint effort to inform
each other of relevant knowledge about the environment. The
central themes that the scenario aims to address concerns two
main types of information to be jointly discovered by the user
and the robot:

(1) the artifacts present in the environment (e.g. objects

and locations) and,

(ii) the actions that the robot can perform related to these

artifacts.
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The two studies that we discuss in this paper explore two
key concepts. We have already introduced Cooperative-Service
Discovery and Configuration which can be viewed as an
abstraction of the scenario described above. In the second
study the notion of Human-Augmented Mapping (HAM, [36])
was evaluated both in terms of interaction and from a technical
point of view. In the following we will compare the set-up
and the result of these studies. An overview is given in the
Tables I and II.

The general purpose of the first study was to evaluate
an extended dialogue model based on [19], [38] in order
to provide a rich set of data for further analysis of human-
robot communication. The first study was primarily aimed at
exploration and not formal hypothesis testing. We did however
put down a list of things that we believed that users would do
in different situations during the study in order figure out what
the wizards should do with the aim to provide a consistent
behavior throughout the session.

In the second study, which can be characterized as a pilot
study, the general aim was slightly different. We still have an
explorative purpose based on the assumption that individuals
have different preferences and strategies for how to present
their everyday environment. The second study can also be seen
as a technical test of a way of represent the environment. Using
the notion of MacNamara [28]) we assume that individual
strategies are based upon a common psychological representa-
tion the meaning and conventionalized use of the terminology
that describe users environment. Thus, during the sessions, we
use the communicated concepts to annotate the environment
representation (i.e., nodes with the types location or region).
This means that the role of the wizard is to decide whether the
communicated concepts, e.g. phrases like “’kitchen” and “my
office”, can be categorized as locations and regions according
to the environment representation. Study two thus aims to
answer to questions:

o What strategies are used by individual users to present
the environment?

o How can the information given by users be incorporated
in a representation that can be used as a shared represen-
tation.

Both studies can be characterized as Hi-Fi simulations, the
first study was performed as pure wizard study, i.e, users
were not informed that the system was controlled by a wizard
operators. The wizard operators were not completely hidden,
instead the users were told that they were “technical support
staff” that “monitored the experiment”.

When there are two wizard operators it is necessary to
carefully consider the task allocation between wizards and
to support their collaboration. In the first study there were
two wizards, one controlling the dialogue (communicator) and
one controlling the movements of the robot (navigator). The
wizards stood close together during the session to support con-
textual awareness, meaning that they easily could get a glimpse
of what the other wizard was doing while concentrating on the
task. The setup can be seen in Figure 2.



In the second study the users were informed that the
speech system was controlled by the accompanying operator.
Whereas the first study was performed with 22 invited users
(undergraduates from our campus) and thus did not know
the environment, the 5 users in the second study were all
staff, familiar with the lab environment. As familiarity with
the environment was a requirement depending on the research
questions posed in the second study lab staff was chosen. In
future studies we aim to move the robot to an environment
outside the lab so that users that have little experience with
robotics can be studied.

The first study was performed in a single room in our
lab (Figure 2), furnished like a living room to provide a
home-like character. The second study was performed in a
significantly larger environment, i.e., a whole floor of our lab
comprising about 20 rooms (offices and common areas like
kitchen, meeting room and printer area).

Fig. 2. Map showing the single room used in Study 1

a) Robot appearance, behavior and instructions to users:
In both studies we used an ActivMedia PeopleBot equipped
with an on-board pan-tilt-camera (see Figure 1. In the first
study the robot also was equipped with visible stereo micro-
phones.

In the first study, in terms of behavior the movements (navi-
gation and camera movements) of the robot was controlled by
one wizard and the speech output was controlled by another.
Since we were aware that a real robot navigation component
would make the robot behave in a specific way we tried to
mimic this behavior as far as it was possible. In the second
study a real follow behavior was used to solve all tasks,
except for error recovery, which was performed overtly as tele-
operation.

In terms of interactive behavior the first study was more
focused on providing a coherent and consistent dialogue be-
havior, i.e., the dialogue wizard tried to follow an “algorithm”
using the terminology by [27]. Hence the subjects received
instructions with clear examples of how they could use the

system. Our goal was not to test the system ”in the wild” with-
out informing the users about how the system was intended to
work. Instead we very much instructed the users so that they
would be able to use the system. Hence, the instructions were
intentionally clear with exact phrasing. The navigation wizard,
who also acted as the test leader, also showed the user how
the robot worked by giving a small demonstration.

The robot had a dialogue model that accommodated for the
actions:

o Greeting, e.g., phrases like “hello” and "my name is

john”.

« Follow, e.g., phrases like "follow me”

« Demonstration, e.g., referential phrases and gestures like

“this is an orange” + pointing gesture.

« Validation, e.g., phrases like “find the orange!”

For the second study the robot used two different ways
of giving feedback on users’ input, dependent if the user
provided information for labeling a location or a region. Thus
if a location, e.g., “coffee machine” or “door to” a region,
was presented by the user the robot would not move and
immediately state that it had stored the location. If a region,
e.g., “kitchen”, “my office”, was presented, the robot would
state that it needed to ”look around” and make a full 360
degree turn, before confirming that a region had been stored.
The role of the wizard in was to select which behavior to use
based on the wizards understanding if whether the concept
used by the user could be interpreted as referencing a location
or a region.

Users were told to use commands, i.e., follow me, go
to (target), stop, turn (left/right), to control the robot and
referential expressions like this is (term) together with deictic
gestures. No terminology that could be directly related to the
concepts tested was mentioned to the users, e.g., location,
region, place etc. Instead phrases like “everything, that you
think the robot needs to know” was used to guide the user.
Since a real follow behavior was used special instructions was
needed in order that the system would be able to track and
follow the user (i.e., the user had to move about 1 meter to
make the robot start following).

b) Data collection setup : In the first study we could
collect data in a fairly controlled manner using a video camera
placed in the location of the users. We also had web-cameras
placed in each corner of the room. Mounted on-board the robot
an audio recorder captured high quality stereo sound. Data
from the laser range finder was also stored.

During the second study we used a hand-held camera and
on-board camera to capture the “scene” of the user and the
robot acting together in the environment. Since the environ-
ment comprised over twenty offices and common areas (e.g,
kitchen, printer area) we could not cover the whole area with
web cams or sensors.

In both studies we administered a questionnaire and in-
terviewed the users after the end of the trial. In the first
study we asked the users about who was controlling the robot
before informing them about that they had been involved
in a wizard study and asked again about their willingness
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STUDY TYPE

TABLE I

GENERAL PURPOSE AND SETUP OF USER STUDIES 1 AND 2

Study 1: Single room

Study 2: Multiple rooms

Purpose

Type, size of study
Key concept

Type of subjects
Environment

INTERACTION

Data collection and exploration of interac-
tion strategies related to a specific dialogue
model [19], [38]

Explorative, 22 subjects (20+20 min)
Co-operative Service Discovery and Configu-
ration

Undergraduate students

Single “living room”

TABLE I

Investigate interaction strategies used by indi-
vidual users to present the environment

Pilot-study with 5 subjects (20425 min)
Human-Augmented Mapping (cf. [36])

Staff that knew their environment
20 rooms + kitchen

INTERACTION DIMENSIONS OF USER STUDIES 1 AND 2

Study 1: Evaluation of Dialogue model

Study 2: Presentation strategy

Robot behavior and ap-
pearance
Instructions

Wizard-status

Number and role of wiz-
ards

Dialogue model accomodating tasks: greet, fol-
low, show (object, location), validate, close
User were provided with a written instruction
with examples. Testleader gave a demonstra-
tion.

Users were informed about the role of robot
operator

Two wizards (navigator and communicator) be-
hind a screen (cf. [15])

Two behaviors: show (acknowledge) and show
(look-around)
Users were told to use a small set of commands
and gestures

Pure wizard — user were told that wizard was
an operator
One wizard accompanied user/robot

Data collection setup
audio (robot perspective).

o Questionnaire
o Post-trial interview

Type of data

Web-cam images (~ 1 fps)
Data from laser range finder
Stereo audio (22 KHz)
Notes from interviews
Questionnaire data

to participate given this new information. No user had any
objections once we had revealed the truth and explained the
reasons for our conduct. In the second study the subjects were
informed that the system was partially simulated. The post-
session interviews in the second experiment also included a
sketch session where the user was instructed to draw a map on
a white-board and explain how they had instructed the robot.

A. Findings from the studies

Several analyses have been performed using the data col-
lected. An analysis of the communicative acts have been made
and reported in [16]. We have also studied the role of posture
and positioning [20] and active spatial influence on the part
of the robot [18].

We performed an analysis of the miscommunication using
the video recordings from the first 12 user sessions. These
were transcribed and synchronized on the utterance level.
We then printed out all dialogues and analyzed them by

o Video camera (overview). Onboard stereo .

o Network web cameras in each corner. .

Single audio/video track (Mini DV)

Hand-held camera (overview) / onboard
camera (robot perspective)

Questionnaire

o Post-trial interview (scripted)

o Sketch session

Two video tracks with audio (Mini DV)
Notes from interviews

Data from laser range finder
Environment representation
Questionnaire data

Video from sketch session (Mini DV)

marking utterances that could be interpreted as symptoms of
miscommunication.

We found miscommunication that could be attributed to the
users’ erroneous inferences about the system’s capability. For
instance, users tried to hold up objects in front of the camera.
This was considered to be an error according to the task model
and an a repair was issued by the communicator wizard.

We also noted several types of problems related to feedback
in our data. Providing relevant and timely feedback essential
to maintaining an orderly and well managed dialogue. We
have identified problems related to timing, i.e., feedback is
ill-timed, something which may render it incoherent. Another
problem that occurred in the material was lack of feedback,
i.e., the robot does not respond to the user’s contribution before
the user decides to make another contribution. Overlapping
speech was also a problem in the corpus, i.e, the robot should
have stopped the synthesized speech when the robot started to
speak, something which lead to misunderstandings.

273



Another problem that can be described as an effect of the
modality is miscommunication related to reference. In the
manner the system was simulated we allowed for a “robust”
object recognition system, meaning that the system would
recognize any object given that it was small enough and placed
on a flat surface. The information can be said to have been
negotiated, but since there is no pointing capability apart from
the general direction indicated by the front robot and the on-
board camera, there is no way of indicating precisely which
object has been detected.

Results from the second study have been reported in
terms of a technical evaluation of the environment represen-
tation [37]. The strategies employed by the users were very
different and no convergence in behavior could be established
since there were only five subjects. The observed behaviors
still need to be taken into account when constructing future
systems. Some of the phenomena are provided below to give
a sense of what went on during the sessions:

o Users’ personal view of the environment affects the way
it is introduced to the robot, e.g., a person not drinking
coffee might not mention the coffee maker.

o Persons were pointed out to the robot as offices (with
occupants in them) were passed. Bystanders that passed
the robot were also pointed out by one user.

« Locations pointed out reflected an action oriented view of
the environment, i.e., a coffee machine is mentioned as a
place where the robot should get coffee, but the kitchen
is not mentioned.

o Doorways were pointed out by subjects with knowledge
about robot navigation

o After giving the follow-command, the users stood still
and waited for the robot to move, something which was
not anticipated. Hence it needs to be equipped with an
active way of prompting the user to move (i.e., perform
an act of spatial prompting [18]).

IV. DISCUSSION

When looking at the two different studies in a bird’s
eye perspective, the generic aspects of both studies can be
contributed the context of use provided by the overall scenario,
the Home Tour:

o The use of natural language using speech and gestures

o The initiative during the interaction lies with the user

o The behavior of the robot influences the user both in
terms of communicative behavior and spatial adaptation.

In some respect the different foci of the studies affect the way
studies have been setup. When mobility of both users and
systems become a topic for investigation, the complexity of
setting up the scenario increases, something which have an
effect the way data can be collected.

Clearly the wizard-of-oz framework can be employed suc-
cessfully for simulating a full fledged interactive robot system.
There are several dimensions that have been added since the
early work on screen-based applications [7], [25]-[27]. The
dimension of collaborative behavior has always been in focus

of wizard-of-oz studies for natural language user interfaces.
For human-robot interaction the situated use context is in
focus, i.e, the human and robot share the same environment
and partially share the same perceptual context.

Since a robot system allow several degrees of freedom the
manner and ability for the wizards to control the robot system
almost becomes research topic in itself. It is clear that to some
extent we need to assure that we do not spend more resources
on building a simulation environment than on building the
real system. The use of a real robots also makes safety issues
come in focus, hence we need to assure that we can maintain
safety during the sessions. We also need to check that the more
formal aspects of user studies, i.e, make certain that legal and
ethical issues are compatible with the type of studies we will
perform (see Walters et al [40] for a specific example from
the UK).

V. CONCLUSIONS

In this article we have described the way in which Hi-Fi
simulation studies can be used in the process of developing
interactive service robots. When carefully designed, simulation
studies will provide data about different aspects of human-
robot interaction that would otherwise be unattainable until
large effort had been spent on the creation of a working
prototype. Thus, the data that we get from a Hi-Fi simulation
study is to a large extent qualitative, but we may also collect
data as a resource to be used for component development,
e.g. as training data for speech recognizers. We may also use
the collected data to perform quantitative evaluations using
different performance metrics, e.g, time-to-completion for a
defined task [35] or user satisfaction [39] with respect to
interactivity.

The type of data we can get a wizard-of-oz type simulation
study ranges from collection of data that can be analyzed in
different ways.

o Data on language use and task strategies, especially
spatial language (including gesture and speech) can be
analyzed with methods from psychology, linguistics etc.

o Visualization of the whole interaction to enable the de-
signer to conceptualize what the system could or should
do in different realistic situations.

o Assessment of users’ attitudes towards a future system or
towards robots in general.

In the future our aim is to evaluate systems where tasks that
now are handled by wizard operators gradually are replaced
with real components. To succeed with this we need investigate
how we can provide a system which can be managed by
wizards, while providing the necessary exploratory freedom
for users together with requirement of an appropriate degree
of system realism.
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