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Abstract

Industrial robots started to enter the factories in the 1980s. From there on
technology matured, however the industrial scenario has not changed a lot
since then. Nowadays, with the help of increased computing power and im-
proved navigation technologies, robots should move away from their simple
and repetitive tasks they were assigned in the beginning (i.e., the “three D’s”
- dull, dirty, and dangerous jobs).

While consumers are warming up to robots that vacuum floors, mow the
lawn, and serve as a toy for their children, university researchers are devel-
oping industrial robots that go beyond the same, definable tasks performed
repeatedly in exactly the same fashion. They are working in order to let the
robots enter environments which are unpleasant or dangerous for humans to
work in, e.g. bomb disposal, work in space or underwater, in mining, and for
cleaning of toxic waste. Moreover, they even attempt to realize Human-Robot
Collaboration, meaning that the human carries out a task together with the
robot, e.g. lifting a heavy object, carrying an object from place A to place B,
mounting an object, etc.

However, there is still a lack in analysis and research of future socially
acceptable and beneficial collaborative work scenarios, where robots can be
integrated as co-workers. As robots are designed to work an integration of
advanced robotic within future working contexts is not really surprising. In
future working scenarios, robotic systems can be viewed as sophisticated tools
that will assist humans. If properly designed, they would be powerful tools
that our society could exploit to increase productivity and safety in work pro-
cedures.

Thus, this thesis proposes a theoretical and methodological evaluation
framework for the assessment of human-robot interaction with humanoid robots
in terms of Usability, Social Acceptance, User Experience, and Societal Im-
pact - the USUS evaluation framework. The goal of this thesis is to validate
the proposed framework by means of eleven case studies, to analyze the syn-
ergies between the proposed evaluation factors, to set up guidelines for the
application of the framework, and to propose design implications for future
human-robot collaboration scenarios.

In the beginning of this PhD thesis the theoretical and methodological
evaluation framework is proposed based on an extensive literature review on
existing frameworks and guidelines in Human-Robot Interaction, evaluation
approaches already used in Human-Robot Interaction to address usability, so-
cial acceptance, user experience, and societal impact and a positioning of the



proposed evaluation framework in the user-centered design cycle. The frame-
work is based on a multi level indicator approach and thus defines all evaluation
factors and indicators and the methods with which those can be addressed dur-
ing the evaluation process. By the means of eleven case studies, which were
conducted in conjunction with the EU-funded FP6 project “Robot@CWE:
Advanced robotic systems in future collaborative working environments”, the
feasibility of the framework can be proved. Based on a cross-analysis of the
quantitative data gathered in a broad online survey an explanatory reference
model on the synergies and influences between the proposed factors and indi-
cators is presented.

Thus, the whole PhD thesis can be conceived of as series of case studies
investigating several research questions on how users perceive the usability,
social acceptance, user experience, and societal impact of humanoid robots
proposed for the collaboration with humans. As a piece of exploratory re-
search, the conducted case studies cannot guarantee a holistic validation of the
theoretical and methodological evaluation framework, but the guideline-based
application of the evaluation framework can positively influence the design
process in Human-Robot Interaction projects.



Zusammenfassung

Bereits in den 1980er Jahren fanden Industrieroboter Einzug in unsere Fabri-
ken. Seit damals ist die technische Weiterentwicklung stark vorangeschritten,
jedoch hat sich das Einsatzszenario für Roboter nur wenig verändert. Heutzu-
tage ist es möglich, dank höherer Rechnerleistungsfähigkeit und verbesserter
Navigationstechnologie, Roboter nicht mehr nur für einfache, repetitive Auf-
gaben zu nützen, für die sie ursprünglich gedacht waren (die sogenannten 3Ds
- dull (langweilig), dirty (schmutzig) und dangerous (gefährlich)).

Während Konsumenten sich immer mehr mit Robotern anfreunden, die
staubsaugen, Rasen mähen oder ein Kinderspielzeug sind, beschäftigt sich die
Forschung damit, Industrieroboter zu entwickeln, die mehr können als nur
immer wieder dieselbe vordefinierte Aufgabe in gleicher Art und Weise aus-
zuführen. Die Forschung ist daran interessiert, Roboter zu entwickeln, die in
unwegsamen und/oder für den Menschen zu gefährlichen Gebieten arbeiten
können, wie z.B. Bombenentschärfung, Arbeiten im Weltraum, unter Wasser,
auf Minenfeldern oder Entsorgung von Giftmüll. Darüber hinaus wird dar-
an geforscht, Mensch-Roboter Kollaboration zu ermöglichen, d.h. ein Mensch
erledigt eine Aufgabe in Kooperation mit einem Roboter, wie z.B. ein schwe-
res Objekt hochzuheben, ein Objekt gemeinsam von Platz A zu Platz B zu
transportieren oder ein Objekt gemeinsam zusammenzubauen.

Jedoch mangelt es immer noch an Studien und Analysen von zukünftigen
sozial akzeptierten und wünschenswerten kollaborativen Arbeitsszenarien, in
welche Roboter tatsächlich als “Mitarbeiter” integriert sind. Roboter wurden
entwickelt um zu arbeiten, daher ist es nicht überraschend, dass weiterent-
wickelte Robotersysteme in die zukünftige Arbeitswelt integriert werden. In
einem Arbeitskontext können Roboter als hochentwickelte Werkzeuge gesehen
werden, die dem Menschen bei seiner Arbeit assistieren. Wenn Roboter an-
gemessen entworfen werden, können sie mächtige Werkzeuge darstellen, die
unsere Gesellschaft einsetzen kann, um die Produktivität und Sicherheit in
Arbeitsabläufen zu steigern.

Daher wird in dieser Dissertation ein theoretisches und methodisches Rah-
menmodell zur Evaluierung von Mensch-Roboter Interaktion mit humanoi-
den Robotern vorgeschlagen, welches die Faktoren Usability, Soziale Akzep-
tanz, User Experience und gesellschaftliche Auswirkungen berücksichtigt - das
USUS Evaluierungsmodell. Zielsetzung dieser Dissertation ist es, das vorge-
schlagene Rahmenmodell mit elf Fallstudien zu validieren und die Synergie-
Effekte zwischen den einzelnen Evaluierungsindikatoren und -faktoren aufzu-
zeigen. Schließlich sollen darauf basierend Richtlinien für die Anwendung des



Rahmenmodells und für Designimplikationen zukünftiger Mensch-Roboter In-
teraktionsprojekte gegeben werden.

Zu Beginn der Dissertation wird ausführlich auf existierende Rahmen-
modelle und Richtlinien im Bereich Mensch-Roboter Interaktion sowie be-
reits durchgeführte Evaluierungsstudien zu Usability, Sozialer Akzeptanz, User
Experience und zu den gesellschaftlichen Auswirkungen im Bereich Mensch-
Roboter Interaktion und auf die Positionierung des vorgestellten Rahmenmo-
dells im Nutzer-zentrieten Designzyklus eingegangen. Das Rahmenmodell ba-
siert auf einem vielschichtigen Indikatoransatz, welcher die vier Evaluierungs-
faktoren, ihre einzelnen Indikatoren und die Methoden, mit welchen diese eva-
luiert werden können, definiert. Das Rahmenmodell wird durch elf Fallstudien
validiert, die in Verbindung mit dem EU-subventionierten RP6 Projekt “Ro-
bot@CWE: Advanced robotic systems in future collaborative working envi-
ronments” durchgeführt wurden. Basierend auf den quatitativen Daten einer
breiten Onlineumfrage wird eine Queranalyse durchgeführt, um ein Referenz-
modell über die Synergieeffekte zwischen den einzelnen Evaluierungsindikato-
ren und -faktoren zu erstellen.

Somit kann diese Dissertation im Gesamten als eine Serie von Fallstudi-
en gesehen werden, die eine Vielzahl von Teilforschungsfragen beantworten,
wie Nutzer die Usability, Soziale Akzeptanz, User Experience und die gesell-
schaftlichen Auswirkungen von humanioden Robotern wahrnehmen, die für
kollaborative Aufgaben bestimmt sind. Da dieser Dissertation ein explorativer
Ansatz zugrunde liegt, können die durchgeführten Fallstudien die Validierung
des gesamten theoretischen und methodischen Rahmenmodells zur Evaluie-
rung nicht garantieren, jedoch kann die Anwendung dieses Rahmenmodells
den Designprozess von Mensch-Roboter Interaktionsprojekten positiv beein-
flussen.
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Chapter 1

Introduction

1.1 HRI and HRC as Research Areas

Since the fictional play of Josef Capek on Rossmus Universal Robots (RUR)
(Capek, 1920) it became popular belief that robots should perform a vari-
ety of “dull, dirty, and dangerous” tasks humans would rather not perform
themselves. Robots can be used for painting, welding, and assembly of cars.
Certainly robots are suitable for these kinds of tasks as they are clearly defin-
able, need to be fulfilled accurately, and must be performed exactly the same
every time. As industrial robots entered factories in the 1980ies, the indus-
trial scenario did not change a lot despite the great strides technology made
(US Department of Labor, 1994). Technology has matured since then and it
became possible for robots to move away from the simple and repetitive tasks
they were originally designed for.

It becomes more interesting to extensively use robots in specific working
environments. However, for collaborative work scenarios, it is important that
robots will be socially accepted as sophisticated tool assisting humans. Con-
sumers are already warming up to robots that vacuum floor, mow the lawn,
and serve as companions for their children. Could consumers accept industrial
robots that could become co-workers able to perform a variety of tasks even
in unstructured environments?

The research field of Human-Robot Interaction (HRI) is concerned with
this kind of question. Research within this field is highly interdisciplinary;
integrating disciplines like robotics, engineering, computer science, Human-
Computer Interaction (HCI), psychology, ethology and social science disci-
plines like communication science and sociology. HRI is a young research area
existing approximately for 20 years. The annual IEEE RO-MAN conference
series, originating in 1992 in Japan, has since then traveled across the world,
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reflecting this emerging new field. The growing interest for this research area
can be determined by the inaugural annual ACM/IEEE International Confer-
ence on Human-Robot Interaction (HRI 2006).

As the term HRI suggests, the main focus in research is centered on the
interplay between a human and a robotic agent, where the interaction can
be verbal and non-verbal (Dautenhahn, 2007b). There exists no “official”
and commonly agreed on definition of HRI - perhaps because of the different
embodiments robotic agents can have, and the different ways in which humans
can interact with a robot (e.g. communication via speech, gestures or symbols).
Fong et al (2001) define HRI the following: “Human-robot interaction (HRI)
can be defined as the study of humans, robots, and the ways they influence
each other.” This definition goes in line with the understanding of HRI in
this PhD thesis. Dautenhahn (2007b) defines three possible “not mutually
exclusive” research directions HRI can take.

1. Robot-centered HRI, which highlights the view of a robot as a creature.
The robot is seen as an autonomous entity which can fulfill its goals
only by interacting with humans, whereas the goals are identified by
the designer of the robot and modeled by its control architecture. This
indicates an interaction, even if the robot navigates through an environ-
ment where humans are present. An example research questions for this
area of HRI is: “How to develop a sensor motor control that regulates
interactions with the (social) environment?”

2. Human-centered HRI, highlights the view of the human as user of the
robot. Humans should be able to fulfill tasks together with the robot
in a comfortable and acceptable way. Thus, the focus is laid on how
people react to the robot, how they interpret its behavior independently
from its architecture and the cognitive processes, that might happen
inside the robot. Research interests in this area lie in the design of
the robotic appearance in accordance to its functionalities, in analyzing
user requirements which a robot can address, evaluation studies of HRI
interaction in terms of usability or acceptance, and in developing new
methods and methodologies for HRI.

3. Robot cognition-centered HRI highlights the robot as an intelligent sys-
tem. Here the robot is seen in a traditional sense of artificial intelligence
as a machine able to make decision on its own and solve problems of
a particular application domain. Specific research questions in this do-
main include the development of cognitive robot architectures, machine
learning, and problem solving.
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HRI is concerned with various usage areas of robots which can be clustered
in accordance with Green et al (2008) into (1) robots as tools, (2) robots as
guides and assistants, and (3) humanoid robots. Robots as tools should, above
all, support the completion of physical tasks, like robots that increase the suc-
cess rate in harvesting, robots used for the placement of radioactive waste in
centralized intermediate storage, or human-robot teams in urban search and
rescue. Green et al (2008) highlight that for effective human-robot collabora-
tion adjustable autonomy and situational awareness of the robotic agent are
of essential necessity.

A guiding robot could be used in a museum as an autonomous mobile
robot, which communicates and interacts with humans as a partner or guide.
Studies on these robots showed that this type of robot should portray human-
like behavior to be accepted by the people. Furthermore, there is a need for
effective natural speech and multi-modal communication approaches that go
beyond speech, such as gestures (Green et al, 2008).

Humanoid robots are anthropomorphic designed robots, having the shape
of humans. Research on this kind of robot focuses on making robots appear
human in their behavior and communication abilities. In terms of collabo-
ration, the interest lies in building socially intelligent cooperative robots that
can work and learn in partnership with people. Thus the goal is to have robots
learn as quickly and easily and in a similar way as humans (Green et al, 2008).

Current developments in HRI tend to a human-centered design approach,
aiming to design the interaction with a robot in a way that is perceived as
usable and natural. User-centered design1 in HRI includes many different
aspects, like requirement analysis, modeling the interaction, and evaluating it
with potential users (see Chapter 2).

1.2 Sociological Aspects of HRI

To what extent is the research discipline of sociology concerned with research
interests of HRI? Traditional, sociology (Weberian stance) argues that non-
humans should be excluded from the field. Also, the sociologist Luhmann
would not consider verbal and gestural exchanges of humans with technologi-
cal devices as communication, as artifacts have no consciousness and thus not
the ability of understanding. However, the research field of robotics headed
towards a direction where engineers develop robots after anthropomorphic im-
ages. Some researchers even go beyond anthropomorphic images, but work on
artificial life by developing cognitive systems, which already passed the false

1The terms human-centered design and user-centered design are used interchangeably in
this PhD thesis
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belief test (Leonardo) and the mirror test (Nico). It is hoped (and feared)
that humanoid robots will in future act like humans and be an integral part of
society. Thus, social science definitely should consider the interaction between
humans and robots as research subject.

Already sociologist of technology, like Hans Linde and Werner Rammert,
have discussed the classical Weberian model, where the social world remains
for human entities and argued for a rethinking of this model towards machines
and technological devices. However, reviewing the state-of-the-art literature
on HRI research (see Chapter 2) and looking on the data gathered during the
case studies presented in this thesis (see Chapter 4), it becomes obvious that
people believe robots to be social actors. Furthermore, studies in the area of
sociology of knowledge point into the direction that humans tend to express
similar behaviors towards artifacts and objects as towards humans, such as
talking to a robot or expressing emotions. Knorr Cetina is speaking in this
context of a “post-social” world where non human entities enter the social
domain.

This trend is also obvious, as robots more and more enter the direct in-
teraction space of humans, not only in the working context, but also in the
service sector and the domestic context. Research focuses more and more on
robots as “social actors” and how long-term relationships between humans
and robots can be enabled. Toy robots have already entered the rooms of
children. According to the World Robotics study 2008 (conducted by the IFR
Statistical Department, which is hosted by the VDMA Robotics + Automation
association) there are more than 3000 service robots for domestic use (vacuum
cleaners, lawn mowers) and more than 2000 for personnel use (entertainment
and leisure) by the end of 2007. However, it is expected to increase in num-
bers within the next four years (approximately 30% in the service sector and
70%).This raises several questions about the future role of humans in society
in comparison to robots. What will be the main characteristics distinguishing
humans from robots? Will robots have to follow the same social norms as
humans? Will the increased interaction with robotic agents cause a change in
the quality of human relationships?

While reviewing the relevant HRI related literature for this PhD thesis
(see Chapter 2), it became clear that research fields like (cognitive) psychol-
ogy, anthropology, linguistics, and even philosophy already have entered the
research field of HRI, but there is still little attention paid to sociological work.
However, robotics are currently entering the “next level”, as it is considered
by engineers that robotic cognition needs to gain information from the socio-
cultural context in which robots are integrated. Based on social theory and
human-human interaction studies insights can be gained how humans make
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sense of the world, communicate with each others and plan and conduct ac-
tion sequences. During my work on this PhD thesis together with engineers
and computer scientists it became obvious that these disciplines can be com-
plementary for sociology. On the one hand for me as a sociologist it was
interesting to get an understanding about social behavior towards machines
and social interaction during joint tasks with robots. On the other hand for
engineers and computer scientists it was valuable to get to know humans’
communication and problem solving strategies in the interaction with robotic
systems to improve them.

1.3 Research Objectives

The integration of humanoid robots into collaborative work settings is a chal-
lenging endeavor. It needs to be considered that naive human users will be
confronted with severe problems when interacting with humanoid robots. Au-
tonomous robots are perceived differently than other computing technologies
as Kiesler and Hinds (2005) show. Users tend to have a far more anthropo-
morphic mental model for autonomous robotic agents than for other interface
technologies. Similarly, as mobile autonomous robots have to adapt to their
physical environment, they also have to adapt to the humans they are working
with. In other words: The interaction between robots and humans always has
to be negotiated between those two actors. Furthermore, robots “learn” about
themselves and the environment in which they are situated through means of
their interaction history world, which heavily distinguishes them from tradi-
tional computing technology (Kiesler and Hinds, 2005). All of these factors
influence the interaction between humans and humanoid robots in collabora-
tive work spaces.

However, these facts still need to be explored in how they affect the eval-
uation of interaction between humans and robots. An interesting question
remains, how to consider the basic different perception of humanoid robots in
the evaluation of human-robot interaction scenarios. This PhD thesis presents
a novel approach for evaluating the interaction experiences of humans with hu-
manoid robots. The approach is based on four main evaluation factors, namely
usability, user experience, social acceptance, and societal impact. It is as-
sumed that these are the relevant core factors, enabling future working scenar-
ios in which robots are included to increase productivity and safety. Based on
these core factors, a theoretical and methodological evaluation framework - the
Usability, Social Acceptance, User Experience, and Societal Impact (USUS)
evaluation framework - is developed from a human-centered HRI perspective.
The evaluation framework is built around a theoretical model (derived from
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literature) and a methodological framework, defining potential suitable meth-
ods to address the theoretical framework. By means of eleven empirical case
studies and a broad online survey, the evaluation framework will be assessed in
terms of feasibility and a revised empirically validated model will be proposed
(see Chapter 5). The revised USUS evaluation framework should then serve
as tool to help other evaluators to explicitly target various evaluation factors
with humanoids robots and to consider a broader evaluation context than pure
performance measures.

The main objectives of this thesis are:

1. Proposing a theoretical and methodological framework for evaluating us-
ability, social acceptance, user experience, and societal impact for work-
ing scenarios with humanoid robots.

2. Assessing the feasibility of the proposed evaluation framework by means
of empirical case studies.

3. Developing a reference model for USUS evaluation framework to reveal
interrelations between the factors and indicators of the evaluation frame-
work.

4. Providing guidelines for the application of the proposed framework to
support other evaluators.

1.4 Organization of the Thesis

This PhD thesis is written from the perspective of the human-centered HRI
research. It is concerned with the usability, social acceptance, user experi-
ence, and societal impact of HRI in collaborative work settings with humanoid
robots. The main objective is the validation of a theoretical and methodologi-
cal framework for evaluating HRI by means of empirical case studies (the USUS
evaluation framework). This framework is based on a multi level indicator ap-
proach defining the relevant factors for evaluation and reasonable methods to
address the indicators during the development process of human-centered HRI.

Chapter 2 This thesis begins with an introduction on evaluation approaches
in HCI and HRI in general. State-of-the-art research in HRI on measures,
methods, and evaluation approaches addressing the factors usability, social
acceptance, user experience, and societal impact will be discussed. Next, the
theoretical and methodological frameworks for in human-robot interaction will
be reviewed. The chapter will conclude with a review on existing guidelines
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in HRI with a focus on how these guideline were derived from theoretical and
empirical work.

Chapter 3 The theoretical and methodological evaluation framework pro-
posed for human-robot collaboration with humanoid robots will then be ex-
plained in detail in this chapter. A definition of all four evaluation factors will
be presented. Next, all indicators determining a factor will be defined and
explained by means of a literature review. This chapter concludes with the
description of the method mix proposed to address the indicators during the
evaluation approach.

Chapter 4 Here, the proposed evaluation framework will be validated by
eleven case studies conducted within the FP6 EU-Project “Robot@cwe: -
Advanced robotic systems in future collaborative working environments”. Stud-
ies using expert evaluation techniques, as well as user studies conducted in
the field and in the laboratory are presented with a focus on how the results
support the proposed evaluation framework, in particular the methodological
framework.

Chapter 5 This chapter will present a reference model explaining the syner-
gies and influences between the evaluation indicators of the user experience and
social acceptance indicators. The reference model is based on a cross-analysis
of the quantitative data gained in a broad online survey. The reliability and
validity of the user experience and social acceptance indicators is tested by a
factor analysis and Cronbach’s alpha. Based on the data analysis a revised
theoretical evaluation framework will be proposed.

Chapter 6 This is where the application of the proposed framework will be
discussed. In a first step, the methodological challenges which had to be faced
during the case studies will be reviewed and methodological considerations for
future application of the framework will be concluded. Furthermore, a revised
methodological framework will be proposed. Then, the process of applying
the proposed evaluation framework based on guidelines and research questions
derived from the case studies will be described and its relation and integration
in the user-centered design approach for HRI.

Chapter 7 The final chapter will lead back to the research objectives and
discuss the proposed USUS evaluation framework and its validation. Some
ideas for promising future work in the research area of human-centered HRI
will conclude this PhD thesis.
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1.5 Contributions of the Thesis

In this thesis, human-robot interaction is viewed from a user-centered point
of view taking into account individual and societal levels of robot perception
(see Figure 1.1).

Figure 1.1: Individual and Societal Levels of Robot Perception

There is a focus on two high-level questions: “how-to-evaluate human-
humanoid interaction beyond performance issues” and “how to produce compa-
rable results in human-humanoid interaction studies”? The indicators, factors,
and methods proposed and used in this thesis are not new and have already
been employed in other research areas, as HRI, HCI, and social sciences. How-
ever, the concern can be raised that these methods need to be applied with
care to HRI, due to the unique perception of autonomous systems and the
inherent limitations of all methods. The USUS evaluation framework should
support targeting a holistic interaction evaluation. Moreover, the validation
of the framework should help to gain more insights on the interplay and inter-
dependencies between the different indicators by means of a reference model.
The contributions of this thesis are threefold:

1. It contributes to the research field of HRI by proposing a theoretical and
methodological framework to deal with usability, social acceptance, user
experience, and societal impact evaluation issues. More specifically, it
contributes to different evaluation settings to gain comparable results.

2. It contributes to methods of empirical social research and HCI by propos-
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ing adaptations of existing evaluation methods to novel evaluation set-
tings.

3. Last but not least, it contributes to the sociology of technology through
adapting traditional sociological theory for the research field of HRI and
by gaining insights on future society and individuals’ interactions with
robotic systems.

The feasibility of the proposed evaluation framework is also demonstrated
through the eleven case studies conducted to validate it (see Chapter 4) by
means of application guidelines (see Chapter 6) for its future usage. By letting
other researchers access the questionnaires and interview guidelines (see Ap-
pendix A) and sharing the methodological challenges and considerations (see
Chapter 6), this work has an additional benefit: The evaluation studies and
results are reproducible by other researchers and new evaluation studies can
be conducted (e.g. in another context, like domestic settings) on this basis.
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Chapter 2

State of the Art

2.1 Outline of the Chapter

This chapter presents a literature review on the concept of interface evaluation
in general, on existing evaluation frameworks in HRI, as well as on state-of-
the-art evaluation experiments and methodologies addressing usability, social
acceptance, user experience, and societal impact in HRI. This chapter will
conclude with a section on evaluation and design guidelines derived from HRI
as this is the final goal of the evaluation framework validation in this PhD
thesis.

The literature review investigated the goals and purposes of evaluation ap-
proaches and how user-centered evaluation can be realized in HRI. It reports
on different types of existing theoretical and empirical frameworks. The advan-
tages and limitations of these frameworks will be discussed and the differences
to the proposed framework in this thesis will be outlined. Additionally, an
overview of existing parameters and measures for usability, social acceptance,
user experience, and societal impact of successfully conducted evaluation stud-
ies in HRI will be given. Differences between qualitative and quantitative ap-
proaches and lab-based and field-based studies will be discussed and their pros
and cons will be summarized. Finally, design and evaluation guidelines will
be presented with a focus on how researchers derived them from theoretical
considerations or experimental studies to improve the design and development
of robotic agents.

2.2 Evaluation: Purpose and Goals

Evaluation approaches in HCI and HRI primarily determine if a system achieves
its predetermined goals and purposes. In this PhD thesis, evaluation is un-
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derstood according to the definition of Preece et al (2002) as “a process of
systematically collecting data that informs designers about how to improve
the use of a system for a particular user or group of users for a particular
activity in a certain type of environment”. The goal of evaluation is to assess
how well a design fulfills users’ needs and whether or not users like a system.
Dix et al (2004) describes three main goals of evaluation:

1. To assess the extent and accessibility of the system functionalities.

2. To assess users’ experience of the interaction.

3. To identify any specific problems with the system.

This does not imply that evaluation is a one time conducted event. Evaluation
is an ongoing activity which is used to monitor the whole system development
and which is embedded into the so called user-centered design approach.

2.2.1 User-centered Design

User-Centered Design (UCD) is a design philosophy taking into account the
process orientation of system development. The major focus of UCD lies in the
user centricity of design; meaning that the design of the system adapts to the
needs and wants of the potential user group so the system gets optimized in a
way that the user does not need to change his/her habits when working with
it. An international standard exists as basis for many UCD methodologies, the
ISO 13407: Human-centered design process. This defines a general process (see
Figure 2.1) for including human-centered activities throughout a development
life-cycle, without specifying the methods to achieve this (ISO 13407, 1999).
Four activities form the main cycle of user-centered system development. The
cycle (process) ends, when the system meets all specified requirements. The
four activities of the system are as follows:

1. Specify the context of use: At this stage, the potential user group of
the system should be identified; specifically the purposes and conditions
under which they will use the system.

2. Specify requirements: Business, interface, and user requirements that
must be met have to be identified here, so the system will be used suc-
cessfully.

3. Create design solutions: At this point of the cycle the system is developed
(which is done in stages). The system is built from a rough concept to a
complete design.
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Figure 2.1: ISO13407: Human-centered Design

4. Evaluate designs: This activity can be seen as the most important one,
as it is the repeated “quality testing” of the system. Depending on the
stage of the system design, it will be evaluated with two different methods
(expert-based or user-based evaluation).

User-centered design already found its way into HRI. Hüttenrauch (2007)
e.g. showed in his thesis how user-centered design can inform the design of a
mobile services robot (fetch-and-carry robot) in an office environment. There-
fore, he adapted user-centered design methodologies and approaches from HCI
for HRI. Based on a longitudinal study, he investigated the user roles andthe
spatial management when face-to-face interaction with the robot occurred
(Hüttenrauch, 2007). Similarly, the first results of a long-term HRI devel-
opment project based on a user-centered design approach for a mobile service
robot can be found in Lee et al (2009). Riek and Robinson (2009) specifically
propose an affective-centered design cycle for HRI to support the affective
quality in robotic design to increase the acceptance of robotic agents.

User evaluation ideally incorporates user-centered design principles: (1)
early focus on users, (2) empirical measurement of usage, and (3) iterative de-
sign (Courage and Baxter, 2004). The first principle describes the systematic
and structured collection of user requirements in order to gain an understand-
ing of what users really want and need, how they currently use similar systems,
and/or how they would like to use it. Based on this gathered information, a
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reasonable evaluation strategy can be formulated and further improved in the
user-centered design process.

The second principle focuses on the usage of the system. This can be
assessed early in the design-cycle to determine if the usage is user friendly,
e.g. by means of usability testing of early prototypes (Courage and Baxter,
2004). Users want systems that are easy to learn and use as, well as effective,
efficient, safe, and satisfying. Being entertaining, attractive, challenging, etc.
is also essential for some products. Thus, knowing what to evaluate, why it
is important, and when it is reasonable to evaluate it, has to be defined in an
evaluation plan (Preece et al, 2002).

Repeated evaluation of the system is suggested in the third principle. It
stresses that evaluation should be an iterative process, as not all information
can be gathered the first time in a single user study. After a first evaluation,
it is common to find that some user or system requirements cannot be met as
stated in the first specification. In this case, the requirements will need to be
revised and the evaluation strategy has to be reformed to reflect the changes
of the requirements (Stone et al, 2005).

2.2.2 Methodological Considerations and Challenges

Two general methodological evaluation approaches can be distinguished: for-
mative and summative. An evaluation is formative if its results are a direct
feedback for optimizing the design process. The formative evaluation contains
the idea of quality assurance: what and how to design. At various points of
the development process, the system is evaluated. Therefore, it is important
to design the evaluation process in a way that the immediate results can be
feedback for the development of the program. A typical way to evaluate in the
field of HCI is to let a user fulfill realistic tasks with a prototype while asking
him to think aloud, obtaining direct information of evolving problems (Rosson
and Carroll, 2002).

A summative evaluation is conducted in the end when the system is al-
ready fully developed to asses the design result. The goal is a summarizing
assessment of direct or subsequent effects and advantages of the system: does
the system meet its specified goals, is it better than its competitors? It is
sought to know if the program will be as successful as estimated or even more.
Therefore, the summative evaluation tries to measure quality and contains the
idea of quality control: How well did we do? (Rosson and Carroll, 2002).

Similarly, it can be distinguished between analytic and empirical evaluation
methods. Empirical evaluation integrates actual users in the evaluation process
and therefore gathers solid facts which can be done via different methods such
as observation or questionnaires. Nevertheless, the gathered material needs a
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good interpretation based on a deep understanding of the tested system. The
empirical evaluation then can be conducted in two styles: laboratory studies
and field studies (Dix et al, 2004).

1. Laboratory studies are controlled tests. Normally, a usability laboratory
is well equipped with audio/visual recording possibilities and analysis
facilities. One advantage is that the participant works in an interruption
free environment. On the other hand, the testing situation misses its
context and can not reflect the real life. In summary, laboratory studies
are appropriate when a controlled context is needed and only constrained
single-user tasks are tested.

2. In a field study, the evaluator goes into the user’s environment to observe
the system in its context. The natural situation in which the evaluation
takes place can show interactions which could be missed in a laboratory.
However, participants in field studies are interrupted by the evaluator
or the evaluation material. It is more difficult to interpret the results
of field studies as the influence factors for human behavior cannot be
controlled.

Analytic evaluations identify the characteristics that influence the perfor-
mance of the user with the system. Thus, analytic evaluations are based on
interpretation but do not produce solid facts. The mixed approach to combine
the strengths of an empirical and an analytical evaluation is called mediated
evaluation. In this case, the analytic evaluation is conducted during the design
process and the results are used as basis for an empirical evaluation.

According to Clarkson and Arkin (2007) “evaluation on HRI systems has
not received its due attention”. Only few experimental evaluation studies have
been conducted so far. Moreover, most of them only assure that HRI display
and interaction controls are intuitive for their users. However, more researchers
have recently come to recognize the need for evaluation approaches, common
metrics, and frameworks in HRI.

2.3 State of the Art on

Evaluation Frameworks for HRI

Human-Robot Interaction is a young, but growing research field. “If we are to
make progress in this field then we must be able to compare the results from
different studies.” (Bartneck et al, 2009). There is an increasing need of struc-
tured evaluation and measurement approaches in HRI to allow a systematic
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prototype development. The theoretical and methodological frameworks pro-
posed in this thesis follow Bartneck’s claim and try to give HRI researchers and
developers a toolkit for assessing their work. For the development of the eval-
uation framework, other already existing frameworks for design, development,
and evaluation of HRI were taken into account and presented below.

One of the first theoretical frameworks for HRI was presented by Thrun
(2004). He distinguishes three types of robots in this framework: (1) industrial
robots, (2) professional service robots, and (3) personal service robots. Thrun’s
goal with this framework was “to introduce the reader to the rich and vibrant
field of robotics in hope of laying out an agenda for future research on human
robot interaction” (Thrun, 2004). Therefore, he describes in great detail dif-
ferent HRI interface capabilities, potential user groups and usage contexts for
the three robot types. This laid a basis for future evaluation approaches of
robotic systems.

Yanco et al (2004) went into a similar direction when they published their
updated version of taxonomy for HRI to provide a basis for researchers. This
taxonomy takes into account research from different neighborhood disciplines
like HCI, Computer Supported Cooperative Work (CSCW), and social sciences
to inform research in HRI. In their taxonomy, they propose eleven categories
which should be considered when investigating the interplay between humans
and robots: (1) task type, (2) task critically, (3) robot morphology, (4) ratio of
people to robots, (5) composition of robot teams, (6) level of shared interaction
among teams, (7) interaction roles, (8) type of human-robot physical proxim-
ity, (9) decision support for operators, (10) time and space taxonomy, and (11)
autonomy level/level of intervention. This taxonomy set the first standards to-
wards comparable HRI research approaches and generalizable evaluation study
results. To increase the generalizability in HRI evaluation studies, the need
for standardized measures, metrics, and methodological approaches in HRI in-
creases as well. This fact is represented in and by the inaugural workshop on
“Metrics in HRI” held at the 3rd ACM/IEEE conference on HRI (HRI2008).
The aim of this workshop was to “propose guidelines for the analysis of human-
robot experiments and forward a handbook of metrics that would be acceptable
to the HRI community and allow researchers both to evaluate their own work
and to better assess the progress of others”.

One of the first attempts in providing standardized metrics for HRI research
was proposed by Steinfeld et al (2006). The basis of their evaluation framework
for task-oriented human-robot interaction with mobile robots consists of five
metrics: (1) navigation, (2) perception, (3) management, (4) manipulation,
and (5) social They also take into account “biasing effects” of their metrics,
such as communication factors (e.g. delay, jitter,bandwidth), robot response
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(e.g. system lag and update rate), and the user (e.g. training, motivation,
stress). In general, the five metrics proposed by Steinfeld et al (2006) are
still rather generic. The authors wrote in the conclusion of their article their
proposed evaluation plan “is to provide a living, comprehensive document that
future research and development efforts can utilize as a HRI metric toolkit and
reference source”.

Similarly first approaches exist to provide measures for user experience in
HRI. Bartneck et al (2009) developed a standardized validated questionnaire
based on an extensive literature review of existing questionnaires in HRI. It
addresses: anthropomorphism, animacy, likability, perceived intelligence, and
perceived safety. All items of these five questionnaires are based on a semantic
differential. The aim and hope of the authors is to provide robot developers
with a tool that allows them to easily monitor their progress from a user-
centered point of view.

Moreover, structured work is already done to investigate the concept of
acceptance in HRI. The Dutch research group surrounding Vanessa Evers
in Human-Computer Studies (University of Amsterdam) focuses on the ex-
ploration of the feasibility of the Unified Theory of Acceptance & Use of
Technology (UTAUT) model (see Venkatesh et al (2003)) for HRI. They in-
vestigate, above all, the acceptance of robotic system in elder-care institutions
and if the UTAUT model is a suitable explanation model for acceptance and
rejection of robotic technology by elderly users (Heerink et al, 2006a). Influ-
ence factors such as enjoyment (Heerink et al, 2008b), social presence (Heerink
et al, 2008a), and social abilities (Heerink et al, 2006b) are also investigated.
Based on these studies, the research group of Vanessa Evers wants to set-up
an acceptance model for robotic usage by elderly users.

The evaluation framework proposed in this PhD thesis tries to integrate
four main evaluation concepts in the theoretical framework for human-humanoid
interaction: usability, social acceptance, user experience, and societal impact
(USUS evaluation framework). In applying the methodological framework,
the evaluation framework intends to answer the generic research question of
whether or not people experience humanoid robots as support for coopera-
tive work and accept them as part of future society. The methodological
framework consists of a method mix proposing suitable methods to address
several factors/indicators in parallel in one study. An overview will be given
on methodological approaches already successfully used in HRI to evaluate,
usability, social acceptance, user experience, and societal impact.
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2.4 State of the Art on

Evaluation Methodologies for HRI

Most of the studies described below concentrated their evaluations on one spe-
cific evaluation factor, but only rarely on several factors at the same time. The
methods described in these studies represent qualitative as well as quantitative
approaches and were conducted in lab-based as well as field-based settings.

Several evaluation studies on usability, social acceptance, user experience,
and societal impact of robots in working environments have been conducted.
Hinds et al (2004) e.g. researched people’s perception of robots as working
partners. She investigated differences in reliability and feeling of responsibility
between the human and robot. Results showed that participants relied more on
humans as working partners but results were different regarding the concept
of responsibility. Interestingly, there was a slight to no difference between
participants’ feelings of responsibility towards a human and a robotic working
colleague. The comparison between human-like and machine-like robots in
terms of the willingness to rely on also was not significant.

Takayama et al (2008) investigated how people accept and feel about a
robot in their workplace. They looked into which aspects of work are perceived
as being appropriate for robot workers, and how people feel about robotic work-
ers compared to human workers. Participants preferred robots to do jobs that
require memorization, perceptual abilities, and service-orientation. Further-
more, they could show that participants have a more positive attitude towards
robots collaborating with people instead of replacing human workers and skills
by robots. Another interesting aspect of the integration of robots into working
environments was revealed by Mutlu and Forlizzi (2008). Based on a long-term
ethnographic study, where a deliverable robot was introduced into the every-
day working environment of a hospital, they could show that perception of the
robot depends on the user group. Their results showed significant differences in
how people responded to the robots between two different organization units in
the hospital. The delivery robot was differently integrated into the work-flow
of the two user groups and the way of interaction was also different.

For reasons of creating a more holistic picture on how the integration of
humanoid robots influences working environments, the evaluation framework
proposed in this thesis takes into account several evaluation factors, split into
multiple indicators. The goal is to address more than one indicator during a
user study by means of a methodological mix. However, the evaluation frame-
work naturally takes into account already successfully conducted user studies
and existing measures in the field of HRI and takes advantage of established
theoretical work on defining the indicators (see Chapter 3). State-of-the-art
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studies will present and address the factors usability, social acceptance, user
experience, and societal impact in the following sections.

2.4.1 State of the Art on Evaluating Usability

Knowledge gained in HCI research served as a starting point for usability eval-
uation in HRI. Yanco et al (2004) e.g claimed to transfer traditional factors of
HCI and CSCW to the assessment of usability in HRI. In HRI, the evaluation
of usability is addressed by expert evaluations using guidelines and heuristics
(Scholtz, 2002; Clarkson and Arkin, 2007; Lohse and Hahnheide, 2008; Marble
et al, 2004) as well as experimental studies (Breazeal et al, 2004; Fong et al,
2001; Goetz and Kiesler, 2002). HRI researchers address several concepts un-
der the term usability: performance, effectiveness, efficiency etc. Studies in
several different contexts have been conducted; single- or multirobot config-
urations (Olsen and Wood, 2004), rescue scenarios (Drury et al, 2005), and
robots in elderly care (Heerink et al, 2006a), aiming to inform the design of
the robot and improve the interaction with it.

The reflections on assessing usability issues in HRI reported in the afore-
mentioned studies indicate that it is relevant to address the factor usability
with expert- as well as user-based methods. Furthermore, it seems to be nec-
essary in HRI usability studies to see usability as a holistic concept. Usability
evaluation in HRI has to take into account aspects like utility, flexibility, learn-
ability, and robustness of the robotic system.

2.4.2 State of the Art on Evaluating Social Acceptance

One of the first extensive empirical analyses on the acceptance of a robotic
system has been conducted by Apostolos (1985). She assessed the acceptance
of a robotic arm as a personal assistant in a rehabilitative setting by conducting
several empirical surveys. Her studies could not reveal conclusive evidence
to the hypothesis that aesthetic movement of a robotic arm can affect an
individual’s attitude towards the acceptance and use of robots, but it was a
first try to investigate acceptance directly in the context of use.

Until today, several different methods and measures have been used to
investigate social acceptance of robots. Mainly it is possible to distinguish be-
tween laboratory-oriented and field-oriented methods. Laboratory-based trials
are in general more often based on behavioral measures, field-based trials on
methods of empirical social research, like surveys, interviews etc.

Kulic and Croft focus their research on multi-modal capturing of human
physiology (heart rate, perspiration rate, and facial muscle contraction). The
aim was to increase the robustness of robot perception of a human’s state (like
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anxiety, valence, attention) and thus increase the acceptance of the robotic
agent (Kulic and Croft, 2005, 2007).

Shiwa et al (2008) focus on the System Response Time (SRT) of a com-
munication robot with human-like social features. A preliminary experimental
study revealed that participants preferred one-second delayed responses from
the communication robot rather than immediate responses. Furthermore, they
found out that participants favored a human-oriented communication style, as
conversational fillers were preferred when the response time was longer than
two seconds. However, their experimental results give only an insight on the
influence of SRT on social acceptance and did not take into account natu-
ral realistic disturbance moments, as the study was conducted in a lab-based
setting.

An interesting approach on how physiological measurements can be used to
evaluate social acceptance can be found in Koay et al (2005). They developed
a hand held device with which participants could indicate their subjective
level of comfort towards a robotic agent. The measured distances were an-
alyzed in combination with recorded video footage, indicating situations in
the human-robot interaction where participants felt uncomfortable. It could
be demonstrated that the device revealed certain uncomfortable states that
would otherwise have remained visually hidden. These results support ap-
proaches using a methodological mix, as these states would have been missed
without combining physiological data with behavioral analysis.

Moreover, more qualitative approaches have been used to study human-
robot interaction in terms of social acceptance. Forlizzi (2007) e.g. conducted
an ethnography in the home context, studying how people interact with a
robotic vacuum cleaner. A methodological mix of semi-structured interviews
and visual story diaries were used to gather behavioral data. When comparing
the data material, it could be revealed that a robotic vacuum cleaner influences
the social family life differently than a normal one. Furthermore, the author
argued that the study indicates that simple social cues can positively influence
the acceptance and adoption rate of robotic devices. Unfortunately, which
cues could not be exactly specified through this study.

Stubbs et al (2007) conducted a two-year common ground analysis based
on a behavior observation of a collaborative human-robot system to reveal
factors disturbing the development of human-robot collaboration. Their data
set consisted of the observational field notes and artifact documents, such
as emails and robot plans generated by the human collaborators. Based on
these results, they could show that mental models change depending on the
autonomy level of the robot. However, this study was very specialized on a
specific target group and how they experience their work with robots.
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Another longitudinal study was conducted in the context of robot assisted
therapy by Robins et al (2005) on interaction profile analysis of autistic chil-
dren. They conducted qualitative and quantitative analysis of video material,
which revealed a change in social interaction patterns of autistic children.
Their study proved the value of long term studies on the social acceptance of
therapeutic robots for children with autism.

The assessment of the factor acceptance thus seems to be relevant for HRI
in different contexts (work, home, therapy) and above all, to support long-term
relationships between the user and the robotic systems.

2.4.3 State of the Art on Evaluating User Experience

User Experience is a well known concept in HCI, which can be understood in
three different ways. (1) UX is a concept going beyond traditional usability
aspects, e.g. effectiveness and efficiency, by taking into account various aspects
such as fun in the holistic experience of a system. (2) UX is related to positive
emotions and affects during the interaction with an interactive system. (3)
UX is related to the usage of the interactive system and thus embedded into
specific usage situations (Hassenzahl and Tractinsky, 2006).

The perception of robotic systems in terms of a positive experience is of
increasing interest in HRI. Fong et al (2003) remarked in their survey that a
positive experience is of importance for robots in domestic settings, but also
in the working context robots need to be experienced positively to guarantee
a successful collaboration. According to Fong et al (2003) four different crite-
ria for characterizing robots exist. Robots may have an (1) anthropomorphic
appearance, which may result in projecting attributes to objects that cannot
be fulfilled by a system. Thus, it seems reasonable to guarantee a balance of
illusion and functionality. Another possibility of how robots can be designed
is to design a (2) zoomorphic look that imitates living creatures to establish a
human creature relationship. (3) Caricatured robots are designed on a fairly
abstract visual level, which can be used to manipulate user’s attention. (4) Fi-
nally, functionally designed robots clearly reflect their function by their design
(e.g. service robots).

Considering the different visual styles of robots there are two different de-
sign theory approaches regarding embodiment (Fong et al, 2003). The first
biologically inspired view postulates that robots should mimic the social in-
telligence of humans. The visual design should be “human-like” or at least
“creature-like”. This approach utilizes models of different disciplines to define
the appearance of the robot, behavior, and technical design. It is grounded
on the media equitation theory - humans are experts in interacting socially
(Reeves and Nass, 1996). Thus, it seems reasonable to design systems which
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mimic human interaction habits. The other benefit can be seen in the pos-
sibility to test theories on which the initial design is based on (ethnology,
structure of interaction, theory of mind, and developmental psychology). The
second functionally designed approach implies that robots should be socially
designed. Social behavior mechanisms are only described to convey specific
social behavior, which is intended to fulfill a specific purpose.

The first thoughts on appearance of humanoid robots were made by Mori
(1970). The well known “Uncanny Valley” proposed that if robots become too
human-like they will become eerie (also see MacDorman and Ishiguro (2006)).
Since then several studies on the appearance of robots in general (e.g. see
Kaplan (2005); Kozima et al (2007)) and humanoid robots in specific (e.g. see
Riek et al (2009); Bartneck (2008)) have been conducted.

The perception of humanoid robots is often closely related to human-
oriented perception and the so-called “joint-intention theory”. Several user
studies have been conducted recently exploring how gesture and eye gaze direc-
tion can be intentionally used in collaborative settings with humanoid robots
(e.g. see Mutlu et al (2009); Staudte and Crocker (2009)).

2.4.4 State of the Art on Evaluating Societal Impact

The societal impact of robotic agents in future societies can only be roughly
predicted. The relevance of societal impact studies, however, lies in the iden-
tification of possible critical scenarios which can be avoided before the techno-
logical development of robots is mature enough to make them possible. Initial
methodological approaches to assess the influence of robots for future societies
will be presented.

One of the first studies on the societal impact of computing technology
was conducted by Turn (1984), in which he considered the following impact
areas as relevant: value systems (individual, group, national), individual rights
and freedoms, environmental problems (pollution), demographic consideration
(migration, density), economic aspects (employment, productivity), social is-
sues (health, education, welfare) and institutional impacts (political, legal). In
his study, Turn stressed that societal impact studies should be conducted with
the purpose to identify potential problems of future societies (and recommend
corrective actions) and not to analyze the current societal state.

Similar impact areas were identified as relevant in 1981 by the office of
Technology Assessment in an exploratory workshop on “Social Impacts on
Robotics”. The aim of this workshop was “to examine the state of robotics
technology and possible public policy issues of interest”. Participants of this
workshop proposed the following four areas of “social issues” as relevant for
future societies in terms of the integration of robotic technology: (1) Produc-
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tivity and Capital Formation, (2) Labor, (3) Education and Training, and (4)
International Impact.

Additional considerations on a future society where robots are an integral
part of everyday life have been made by Epstein (1994a,b). He asked the ques-
tion of whose responsibility it is if a robot violates a human. A new perspective
on this question can be found in Mudry et al (2008), who claim that the tra-
ditional responsibility ascription is biased by the fact that a role is assigned
to autonomous robots that should be devoted to humans. Thus, a new ethical
framework is needed which considers future scenarios from a new perspective.
A purely theoretical approach to predict the future “robotic society” can be
found in Kaplan (2005). He defined value profiles to visualize that robots are
not everyday objects. Furthermore he defined necessary attributes for robots
to be accepted as everyday objects in future society.

Mutlu and Forlizzi (2008) conducted an ethnographic study to analyze
the possible impact of robots in the working environment. They investigated
how an autonomous delivery robot influences the organizational structures of
a hospital. They could show that the level of integration of the robot into
the physical working environment and the work flow differed between working
units. However, the authors themselves stated, that these are preliminary
results that cannot be generalized for other kinds of situations, organizations,
robot designs, and tasks performed by robots.

Sparrow and Sparrow (2006) conducted a survey to investigate “everyday
claims” about future robotic technology usage. They concluded with a rather
negative view on the future usage of robotic technology in elderly care, claim-
ing that the usage of robots would reduce the number of social relationships.
Moreover, they concluded that robots evoking an emotional attachment are
unethical. However, they saw a positive tendency in scenarios where humans
are not replaced by robots, but where robots support humans in everyday
situations instead.

Similarly questionnaire based surveys are conducted to get insights on peo-
ple’s expectations towards the future society and the societal impact of robots.
Arras and Cerqui (2005) conducted an impressive paper and pencil based sur-
vey with 2042 participants. The results testified a positive attitude towards
potential robotic co-workers, flat mates or robotic body parts. The authors
point out that approaches like this, with a sufficient number of participants,
are valuable to gain insights in societal trends. They admit also that it is
necessary to conduct similar surveys in different cultures and to compare the
results. Furthermore, pure survey data actually gives an insight on people’s
attitude towards robots and not the actual ways interaction with them.

Another aspect of societal impact which is often addressed in HRI research
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are cultural differences in the perception of robots (e.g see Bartneck (2008);
Bartneck et al (2006); Kaplan (2004)). This research is mainly concerned
with the question if and why robots are differently experienced by people with
Asians (particularly Japanese) cultural background compared to people with
Western cultural background.

2.5 State of the Art on

Design Guidelines for HRI

The fourth objective of this PhD thesis is to provide evaluation guidelines (see
Chapter 6) derived from the case studies (see Chapter 4) which will trigger
the future application of the proposed USUS evaluation framework. In the
following, an overview on existing evaluation and design guidelines will be given
with the main focus on how they were derived from empirical and theoretical
work in HRI research.

One of the first set of guidelines generated for the evaluation of HRI was
based on research experience in HCI and developed by Scholtz (2002). Her five
guidelines should remind researchers to be aware of the points when evaluating
the design of HRI. Experts in HRI (usability) should walk through a prototype
of the user interface and examine its usability in accordance to the following
guidelines:

1. Is sufficient status and robot location information available so that the
operator knows the robot is operating correctly and avoiding obstacles?

2. Is the information coming from the robots presented in a manner that
minimizes operator memory load, including the amount of information
fusion that needs to be performed in the operators’ heads?

3. Are the means of interaction provided by the interface efficient and ef-
fective for the human and the robot (e.g., are shortcuts provided for the
human)?

4. Does the interface support the operator directing the actions of more
than one robot simultaneously?

5. Will the interface design allow for adding more sensors and more auton-
omy?

Yanco et al (2004) also claimed the transfer of HCI and CSCW knowledge
to the assessment of usability of HRI. They further developed the guidelines
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of Scholtz (2002) to tailored heuristics for usability evaluation and proposed
an HRI taxonomy to characterize robotic interaction.

In the tradition of Yanco et al (2004), Marble et al (2004) also developed
guidelines to increase the usability of human-robot interaction:

“Like Yanco et al., we firmly believe that robotic systems must be
designed with as much environmental, and task realism as possible.
Furthermore, we also believe that formal, iterative system testing is the
only route that ensures a system the supports, the capabilities and needs
of the users.”

However, the proposed guidelines only address usability (and only the indica-
tors effectiveness and efficiency) and are only suitable for the testing of a single
interface or architecture. The following nine points represent these guidelines:

1. Simplification of the environment to allow problem solution can corrupt
the ability of the human-robot system to achieve its goals; therefore,
the system must be tested in real world conditions to determine if it
accurately meets these real world needs (Effectiveness).

2. Robotic systems will be effective only if the behaviors they use to achieve
task goals are comprehensible for and predictable by the human team
members; therefore, system design must assess how the human will work
with the system (Effectiveness).

3. The test environment must reflect the complexities of the real-world en-
vironment in which it will be used (Effectiveness).

4. The test environment must incorporate uncertainty regarding the envi-
ronment or the goal that will be seen in the true task (Effectiveness).

5. The task cannot be designed to exploit the capabilities of the robot;
rather the robot’s capabilities must be designed to exploit aspects of the
environment and the task should emphasize the complexities encountered
in the real world.

6. To accurately reflect the complexity of the task, testing must involve
users who are similar to those who will put the system to actual use, not
only those operators who are most familiar with the control architecture
(Effectiveness).

7. Testing must incorporate the need for an operator to maintain a level of
awareness in more than one environment (Efficiency).
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8. Issues of teaming and the ability of the human to trust the robot enough
for effective teaming must be addressed and assessed in the testing. (Ef-
fectiveness).

9. Task constraints may dynamically change with the incorporation of human-
robot teams. However, these constraints may still shape how the human
expects the system to behave (Effectiveness).

Additionally the following design guidelines for improved human-robot in-
teraction developed by Drury et al (2004) mainly focus on aspects of usability
evaluation, in specific awareness of human-robot interaction. Based on the
first three guidelines, presented in the following, the authors even designed an
interface prototype:

1. Enhance Awareness. Provide a map of where the robot has been. Provide
more spatial information about the robot in the environment to make
operators more aware of their robots’ immediate surroundings.

2. Lower Cognitive Load. Provide fused sensor information to avoid making
the user fuse the data mentally.

3. Increase efficiency. Provide user interfaces that support multiple robots
in a single window, if possible. In general, minimize the use of multiple
windows.

4. Provide Help in Choosing Robot Modality. Provide the operator assis-
tance in determining the most appropriate level of robotic autonomy at
any given time.

Bartneck and Forlizzi (2004) developed guidelines based on a framework
of what makes a robot social, to improve the design of social robots. This
design guidelines initially went a step further from pure usability guidelines
to guidelines also taking into account aspects like user experience or social
acceptance. They proposed the following three design guidelines for social
robots:

1. The form of the social robot should match its abilities.

2. The social robot should mimic human-human dialogue in human-robot
dialogue and be able to manage communication failures.

3. The robot should mimic human social norms and be able to provide a
consistent set of behaviors.
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The authors state that their guidelines are very broad, but “that more
specific guidelines will be generated as robots are designed and built to ad-
dress specific application areas”. However, all the guidelines presented in this
section, provided a good starting point for the development of the USUS eval-
uation framework. The evaluation and design guidelines which are derived by
the validation of the proposed USUS evaluation framework will be shaped in
a similar way. This will provide guidance for other researchers to apply the
framework in future.
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Chapter 3

The USUS Evaluation
Framework

3.1 Outline of the Chapter

The main purpose of this chapter is to present the first proposed USUS eval-
uation framework based on the factors usability, social acceptance, user ex-
perience, and societal impact for Human-Robot Collaboration with humanoid
robots. The USUS evaluation framework consists of a (1) Theoretical factor-
indicator framework and a (2) methodological framework.

The description of the USUS evaluation framework will start with that of
the theoretical factor-indicator framework. Each of the four evaluation factors
will be defined and explained in detail. Next, the factors will be split up into
several indicators, which are extracted and justified by literature review. Then
the methodological framework will be described which is based on a method
mix derived from various disciplines (HRI, HCI, psychology, and sociology).
These various disciplines are proposed to address the factors and indicators
during a human-robot interaction evaluation. The chapter concludes with a
reflection on the development process of the theoretical and methodological
framework and the limitations of this first proposed USUS evaluation frame-
work.

3.2 The Theoretical USUS Framework

Evaluation activities of human-robot interaction scenarios often aim to explore
interaction experiences more than conducting theoretically grounded studies,
whose aim is to explicitly measure evaluation factors. Thus, the goal of the
USUS evaluation framework was to develop a theoretical basis for evaluation
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actives combined with a proposed method mix allowing the systematic assess-
ment of human-robot interaction scenarios.

The USUS evaluation framework for HRI with humanoid robots in collab-
orative settings consists of a multi level indicator model. In other words each
factor is operationalized by several indicators to enable a holistic evaluation of
collaborative work scenarios with humanoid robots. The theoretical factor-
indicator framework was arranged based on an extensive literature review
taking into account state-of-the-art HRI research on evaluation frameworks
and methodological approaches (see Section 2.3, SubSection 2.2.2). However,
it cannot be guaranteed that the theoretical as well as the methodological
framework are exhaustive (see Section 3.8).

Figure 3.1 visualizes the combination of the theoretical factor-indicator
framework with the methodological framework (see Section 3.7) to holistically
assess HRI in a collaborative working environment. Chapter 4 of this the-
sis will present eleven case studies which were conducted in the framework of
the EU-funded FP6 project “Robot@cwe: Advanced robotic systems in future
collaborative working environments”. By means of the case studies the chosen
indicators should be justified and the suitability of the proposed method mix
validated. The description of the theoretical and the methodological frame-
work can also be found in Weiss et al (2009a).

3.3 Usability as Evaluation Factor

3.3.1 Definition of Usability

Usability is understood as the ease of use of an interactive system. However,
usability is a concept consisting of several aspects which constitute a usable
system. According to the ISO 9241-11 (1998), usability is “the extent to which
a product can be used by specified users to achieve specified goals with effec-
tiveness, efficiency and satisfaction in a specified context of use.” Preliminary
research on usability in HRI focused mainly on performance issues such as,
intuitiveness of control devices for robots, situation awareness of operators,
feedback reaction time, and effectiveness and efficiency of the interaction in
general (Drury et al, 2003; Scholtz, 2002; Marble et al, 2004). However, other
studies indicate that further aspects should be taken into account when as-
sessing the usability of a humanoid robot, e.g. learnability (Breazeal et al,
2004), flexibility (Song et al, 2007), robustness (Stubbs et al, 2007), and util-
ity (Stubbs et al, 2007).
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Figure 3.1: The Proposed USUS Evaluation Framework
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3.3.2 Indicators for Usability

Effectiveness The ISO 9241-11 (1998) defines effectiveness as “the accuracy
and completeness with which users achieve specified tasks”. Thus, effectiveness
describes how well a human can accomplish a task together with a robot. Effec-
tiveness refers to the “success rate” with which a user carries out a task.“Error
rate” and “task completion rate” can also be used to address this indicator.

Efficiency In the ISO 9241-11 (1998), efficiency is defined as “the resources
expended in relation to the accuracy and completeness with which users achieve
goals”. Efficiency is the rate or speed with which a user can successfully
carry out a task with a robot and is often measured by benchmarks like “task
duration” or “required clicks”.

Learnability The indicator learnability, as part of usability, originally evolv-
ed in conjunction with software engineering. The main focus is “ease of learn-
ing” meaning how quick and easy the usage of a system can be learned by a
naive user. This seems to be a key aspect for successful HRI, as users normally
have no previous interaction experiences with humanoid robots. The indica-
tor learnability consists of several principles such as intuitiveness, familiarity,
consistency, generalizability, predictability, and simplicity.

Flexibility Flexibility is another core-indicator for usability in HRI with
humanoids, as these robots are task independently designed and thus various
user models have to be considered in the interaction design. Flexibility is
understood as the variety of options the user has to carry out a task together
with an interactive system. Furthermore, flexibility describes the ease with
which the user can modify the system to his/her personal requirements.

Robustness The indicator robustness addresses the fact that various errors
can occur when a naive user interacts with a robotic system. To guarantee a
good usability the user must have the possibility to correct some of his/her
faults on his/her own. However, robustness also includes that the system is
error preventing, stable, and responsive. A robust system ensures by a high
level of support that the user successfully reaches his/her interaction goals
with the robot without help.

Utility Utility describes the number of tasks the user can carry out with
an interactive system. Furthermore, this indicator addresses the number of
functionalities the system incorporates. Thus, utility refers to which options a
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system offers to solve specific tasks. As humanoid robots offer a huge variety
of interaction possibilities utility was chosen as final usability indicator1.

3.4 Social Acceptance as Evaluation Factor

3.4.1 Definition of Social Acceptance

User acceptance of interactive technology is defined by Dillon (2001) as “the
demonstrable willingness within a user group to employ technology for the
tasks it is designed to support”. However, acceptance of autonomous systems
is influenced by additional factors. As the literature shows, a general retention
of robots can be observed for Western cultures (Hornyak, 2006; Kaplan, 2004).
A broader view on acceptance, taking into account “social aspects”, seems to
become relevant for socially situated robots Fong et al (2003). For this PhD
thesis the factor social acceptance is defined as “an ’individuals’ willingness
based on interaction experiences, to integrate a robot into an everyday social
environment”. In other words social acceptance in this PhD thesis can be seen
as user acceptance of technology as a social actor. In order to avoid potential
misunderstandings, social acceptance in this PhD thesis is not understood as
the acceptance of a robot on the societal, but individual level.

For the evaluation of technology acceptance, several frameworks and models
already exist (an overview can be found in Venkatesh and Davis (2000)). All
models are based on a three step concept: (1) the individual’s reaction on
using information technology, (2) the intentions to use information technology
based on the first reactions, (3) the actual usage of the technology.

3.4.2 Indicators for Evaluating Social Acceptance

The indicators for the factor social acceptance were set-up on the basis of
two models: (1) the UTAUT model (Venkatesh et al, 2003) to address user
acceptance aspects (indicators 1 to 4) and (2) the theory of “Object-centered
Sociality”(Knorr-Cetina, 1997) (indicators 5 to 8) to address the issue that hu-
manoid robots are perceived as social actors. This combination should assure
the required broader view on social acceptance of robots, which are socially
situated in working environments.

1The indicator utility was indirectly addressed in the case studies, as it is part of the
study settings to define the number of relevant tasks in a Human-Robot Interaction scenario
and the required functionalities to carry out the tasks.
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Performance Expectancy According to the UTAUT model, performance
expectancy is the strongest predictor for the usage intention. Venkatesh et al
(2003) defines this indicator as“ the degree to which an individual believes
that using the system will help him or her to attain gains in job performance.”
However, for user studies addressing this indicator, it needs to be considered
that gender and age could influence the expectancy of performance. For exam-
ple, younger men are more task-oriented and therefore possibly indicate higher
performance expectancy values than older men and women (Venkatesh et al,
2003).

Effort Expectancy This indicator addresses to which extent the user per-
ceives a system’s ease of use. In the UTAUT model, Venkatesh et al (2003)
defines this indicator as “the degree of ease associated with the use of the
system.” In other words, effort expectancy takes into account the users’ be-
lieves and thoughts of the degree of effort, difficulties, complexity, and usage
understanding. Similarly to performance expectancy, effort expectancy is af-
fected by age and gender, along with experience. Younger women will more
often expect an effort, especially at early stages of experience (Venkatesh et al,
2003).

Attitude toward Using Technology In the UTAUT model, Venkatesh
et al (2003) defines attitude toward using technology as “an individual’s overall
affective reaction to using a system”. For the USUS evaluation framework,
attitude toward using technology is defined as “the sum of all positive or
negative feelings and attitudes about solving working tasks supported by a
humanoid robot”(Weiss et al, 2009a). A cross cultural study conducted by
Bartneck et al (2006) with Dutch, Chinese, and Japanese participants could
already show differences in the attitude towards robots. They used theNegative
Attitude towards Robots Scale (NARS) to investigate on people’s attitude
towards social, emotional, and general interaction with robots. Interestingly,
the Japanese participants did not have a more positive attitude towards robots,
which was contrary to the authors expectations.

Self Efficacy The indicator self efficacy is not included as a direct determi-
nate in the UTAUT model (Venkatesh et al, 2003), but is included to the USUS
evaluation framework due to its estimated relevance for successful human-robot
interaction. Self efficacy describes the personal perception of a users’ ability
to reach a goal with an interactive system. Perceived self efficacy can thus
be defined “as people’s beliefs about their capabilities to produce designated
levels of performance that exercise influence over events that affect their lives.
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Self efficacy beliefs determine how people feel, think, motivate themselves,
and behave. Such beliefs produce these diverse effects through four major pro-
cesses. They include cognitive, motivational, affective and selection processes”
(Bandura, 1997).

Forms of Grouping To form a group is a core element of human social
behavior. The indicator forms of grouping describes the fact that humans
define their own identity by sharing common characteristics with others and by
distinguishing themselves from other groups. Knorr-Cetina (1997) could show
that humans ascribe personal characteristics also to objects with which they
often closely interact and somehow form a group with an object. The arising
question is, will humans also show behaviors like that when cooperating with
a robot?

Attachment Attachment as a psychological concept explains the bond a
human infant develops to its caregiver (Bowlby, 1958). However, Knorr-Cetina
(1997) could show that humans also develop an emotional bond to objects
(“my favorite book”). In general, the idea of emotional attachment towards
technology already found its way into HCI and HRI research (Kaplan, 2001,
2000; Wehmeyer, 2007). For the USUS evaluation framework, attachment is
defined as an affection-tie that one person forms between him/herself and a
robot. One main aspect of emotional attachment is that it endures over time.
Thus, Norman (2004) explains emotional attachment as the sum of cumulated
emotional episodes of users’ experiences with a device in various context areas.
These experiences are categorized into three dimensions: a visceral level (first
impression), a behavioral level (usage of the device), and a reflective level
(interpretation of the device).

Reciprocity In accordance to Gouldner (1960), reciprocity can be seen as
a pattern of social exchange, meaning mutual exchange of performance and
counter-performance and as a general moral principle of give-and-take in a
relationship. In Human-Robot Interaction research, the indicator of reciprocity
became relevant with the increase of social robot design (Kahn et al, 2004).
Humans can quickly respond socially to robotic agents (see also Reeves and
Nass (1996)), but the question arising is if humans also experience “robotic
feedback” as adequate reciprocal behavior. Thus, in human-robot relationships
reciprocity can be defined as “the perception of give-and take in a human-robot
interaction scenario”.
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3.5 User Experience as Evaluation Factor

3.5.1 Definition of User Experience

User Experience (UX) is a multifaceted term from the research field of HCI
where the community is still searching for a common definition (Law et al,
2008). An HCI definition of user experience which can be suitably adapted for
HRI was coined by Alben (1996) who defines UX as

“all aspects of how people use an interactive product: the way it feels
like in their hands, how well they understand how it works, how they
feel about it while they’re using it, how well it serves their purposes,
and how well it fits into the entire context in which they are using it.”

This definition visualizes that the users’ experiences with an interactive system,
are on one hand, related to the system itself and on the other hand, depen-
dent on the usage context. According to Hassenzahl (2003) user experience
is significantly influenced by the users’ interaction goals, intra-psychological
dispositions, the environment, involved people, and the system itself.

3.5.2 Indicators for User Experience

In the research field of HRI, an increased interest in studying user experi-
ence indicators can be observed (see SubSection 2.4.3). For the context of
cooperative working environments, a positive user experience is desirable as
it will improve the overall usability of the human-robot interaction. Below,
the user experience indicators for the USUS evaluation framework will be pre-
sented. The indicators 1 (embodiment), 2 (emotion) and 3 (human-oriented
perception) derived from the survey of Fong et al (2003) to classify socially
interactive robots and were chosen to particularly address the uniqueness of
users’ perception of humanoid robots. However, the indicator 2 (emotion) is
also a traditional HCI user experience indicator just as indicator 4 (feeling
of security) and 5 (co-experience). Other classical user experience indicators
from HCI research were intentionally not integrated, as they were substituted
in bigger concepts (e.g. fun as part of emotion) or integral part of the social
acceptance indicators (e.g. sociability vs. social acceptance, motivation vs.
attitude towards robots, user involvement vs. reciprocity).

Embodiment The indicator embodiment takes into account the physical
morphology of the robotic agent and its impact on the beliefs about and ex-
pectations of the robot (Fong et al, 2003). An assumption often found in
HRI literature is that an anthropomorphic design will support the successful
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human-robot interaction, as expectations of social interaction will be invoked
which are intuitive to naive users (see Breazeal and Scassellati (1999); Brooks
(2002)). Other researchers are of the opinion that humanoids generate unreal-
istic expectations (or even fear) as they are no longer perceived as machines,
due to their human features Dautenhahn (1999). Turkle (1984) as one of
the first researchers that claimed that a clear distinction between human and
machine is necessary for successful interaction.

Emotion Humans tend to interact emotionally with technology (Reeves and
Nass, 1996) and even perceive, e.g. computers, as social actors. Due to that
fact, the emotions robots invoke in humans are estimated as an essential evalu-
ation indicator for HRI. Hassenzahl (2001) was one of the first HCI researchers
who stressed the importance of emotions in interactive system design. He ar-
gues that relevant emotional episodes that are aroused during the interaction
with a product are a key element of user experience. A broad range of emotions
can be observed when an interactive system fulfills the users’ expectations, like
joy, pride, and surprise ad attraction. However, negative emotions can also
arise when interacting with robots, like fear, boredom, and insecurity.

Human-Orientated Perception The indicator human-orientated percep-
tion takes into account the design approach in HRI where human-like percep-
tion is simulated to ease the interaction. Typical human-oriented perception
features incorporated into the design of social robots are: tracking of the hu-
man face, interpreting human speech, and recognizing facial expressions (Fong
et al, 2003).

Feeling of Security The feeling of security indicator takes into account the
fact that when humans and robots directly cooperate in the same environment,
safety and security issues arise (Dautenhahn et al, 2006). More importantly,
the perceived safety of a robot influences the user experience. Studies have
been conducted to investigate how to eliminate the risk of hazards in Human-
Robot Collaboration (HRC) (Kulic and Croft, 2003). However, the main focus
for the indicator feeling of security in the USUS evaluation framework is to
assess the design of the HRI so that humans experience them as safe.

Co-Experience with Robots The term co-experienced was coined in HCI
by Battarbee (2003) to describe experiences with interactive systems which
come-up when individual experiences change as they become part of social
interaction. Humans construct “situations through an interpretive process in
which they take into account the non-symbolic gestures and interpretations of
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others” (Battarbee, 2003). For human-robot interaction this indicator comes
into play when several humans discuss their interaction experiences with others
or if the user experiences the robot as social actor, developing a social commu-
nication paradigm. Furthermore, co-experience with robots is of importance
when the robot acts as mediator within a group of people (Severinson-Eklundh
et al, 2003).

3.6 Societal Impact as Evaluation Factor

3.6.1 Definition of Societal Impact

Societal impact can be understood as every effect an activity has on social life.
For the USUS evaluation framework societal impact is defined as follows:

“Societal impact describes all effects the introduction of robotic
agents causes for the social life of a specific community (taking into
account cultural differences) in terms of quality of life, working condi-
tions and employment, and education” (Weiss et al, 2009a).

In order to avoid possible misunderstandings, it is better to state at this
point that the primary concern of the USUS evaluation framework is not tech-
nology assessment in its traditional notion, but to gain an insight on imaginar-
ies about the “future robotic society”. As technology development is not an
independent factor, it impacts society regarding the beliefs, expectations, and
attitudes of people. The imaginaries of potential users of robotic technology
can help to shape robotic systems in a way to avoid negative assumptions. At
the time when the societal impact can be retrospectively “measured”, robotic
technology already entered our society and its shaping becomes more difficult.

To define the indicators of societal impact, theoretical assumptions on fu-
ture robotic societies in the cyborg and post-humanism literature were re-
viewed (e.g. Badmington (2000); Gray (2001)). The relevant areas of societal
impact are, according to this literature: quality of life, health and security,
working conditions and employment, and education.

3.6.2 Indicators for Societal Impact

Quality of Life, Health and Security Quality of human life is in accor-
dance to Gray (2001) determined by several freedoms, e.g. freedom of speech,
free choice of religion, and the freedom of travel. However, stability in human
relationships (family constellations) and mutual reliance heavily influence the
quality of human life. He argues that the integration of artificial intelligence
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and robotic technology will change the very nature of our relationships with
each other, the human health system, and security aspects (electronic privacy,
the freedom of consciousness, and the freedom of information).

Examples for these possible changes already exist, like robotic surgery
(Schräder, 2005), robots in a therapeutic contexts (e.g. the Robodoc: (Dobson,
2004) or Paro (Wada and Shibata, 2006)), and robots in elderly care (Forlizzi,
2005). Similarly, examples can be found for robotic technology influencing
security aspects of life: robots for surveillance (Robowatch, 2007) and robots
in urban search and rescue (Drury et al, 2003).

Working Conditions and Employment This indicator takes into account
“all aspects affecting how people carry out their job and how employers take
care of their employees, including things like working contracts, wages, work-
ing times, and work organization” (Weiss et al, 2009a). Technological devel-
opments have always affected working conditions (increasing productivity and
efficiency). However, the introduction of robotic and automation technology
into working environments may lead to the replacement of humans, as robots
can do some tasks more precise and quicker, e.g. harvesting (Green et al,
2008). Otherwise, robotic technology could probably fill the gap of lacking
service personal (Forlizzi, 2005).

Thus, the replacement of human labor by robotic technology is one of the
most crucial points for this evaluation indicator, which would have immense
consequences for future society. According to Decker (2007) replacement has
to be split up into three areas: technological replacement (robots will only
replace technology if they can carry out tasks more efficient), economic re-
placement (cost - benefit calculations), and legal replacement (necessary new
legal structures, regarding reliability aspects and consumer protection).

Education The integration of new technology into society is always accom-
panied by new types of education. Lifelong learning is a key term in this
context. On one hand, the usage of robots needs to be taught. On the other
hand, new skills need to be taught to reduce the amount of unemployed people
due to robotic replacement. In other words, sufficient education and training
must be offered to prepare people for the “robotic” labor market.

As autonomous interactive systems will be the next technological develop-
ment entering our homes and working environments, it will be necessary to
prepare people for the utilization in a physical manner, but also potentially in
a psychological manner.
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Cultural Context The term culture can be understood in accordance to
(Badmington, 2000) as the whole range of practices, customs and representa-
tions of a society. However, culture does not exist in the abstract. On the
contrary, it is in the broadest sense of the term textual, inscribed in the paint-
ings, operas, sculptures, furnishings, fashions, bus tickets, and shopping lists
which are the currency of both aesthetic and everyday exchange (Badmington,
2000). Cultural differences play an important role in human-robot interaction,
as a difference can be observed in the acceptance of robotic systems in Western
and Eastern countries (e.g. see Hornyak (2006)).

3.7 The Methodological Framework

The design of quality evaluation studies in HRI which produce reliable and
reproducible results is a major challenge. For the evaluation of interactive sys-
tems a variety of different methods are available from various disciplines. In
general it can be distinguished between five types of methods (1) task perfor-
mance metrics, (2) behavioral/ observational measures (3) physiological mea-
sures (4) self-assessments, and (5) interviews. It depends on the required data,
the available resources (time, money, prototype fidelity), and the research ques-
tions to choose, which method is best. A basic principle of user-centered design
is to conduct expert evaluations, taking into account the users’ point of view
or user-based evaluations, where potential users assess a system regarding us-
ability, acceptability, etc.

As the research field of HRI is still developing, there is a growing need of
suitable evaluation methods. A primary issue in HRI research that could be
derived from Chapter 2 is a lack of combining multiple methods of assessment
to obtain convergent validity in HRI studies. Some evaluation methods already
have been adopted and/or modified from other research fields as psychology
and HCI, but their accuracy is still unclear.

It is important that the selected method is adapted to the evaluation con-
text and the system capabilities. To evaluate the proposed theoretical indi-
cators for usability (see Section 3.3), social acceptance (see Section 3.4), user
experience (see Section 3.5), and societal impact (see Section 3.6); a combi-
nation of methods is proposed, where qualitative research is combined with
quantitative measures for the evaluation approach.

Table 3.1 presents the methodological framework as the proposed method
mix that was used in eleven case studies (see Chapter 4). The main goal of
the methodological framework is to propose a suitable method mix to address
several indicators in one study setting. Thus, it gives a general overview of
combinations and synergies between the methods and indicators. In the follow-

40



ing sections, the general application of the proposed methods are described.
Each method has advantages and disadvantages which can be overcome by
combining several methods. 2.

2A more detailed description of the concrete methodological set-ups will be given for each
case study in Chapter 4.
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3.7.1 Expert Evaluation

Application

In traditional HCI research, expert evaluations are used to assess a system in
terms of its usability and detect as many usability problems as possible in a
way that is less cost- and effort-intensive than user testing. A small team of
experts in interface design examine the system and judge it in compliance with
general usability principles. Therefore, expert evaluations are also often called
“usability inspection methods”.

Heuristic Evaluation A heuristic evaluation is intended to find and de-
scribe usability problems of a system on the basis of fundamental principles, so
called heuristics (Nielsen, 1992). Heuristics are describing essential attributes
that a system should feature to ensure that the user is able to perform a task
within a specified context in an effective, efficient, and satisfying way. Such a
heuristic evaluation is usually performed by a small team of interface experts,
inspecting the system and comparing to what extent the principles have been
adopted. All detected divergences and incongruities are defined asusability
problems. Each evaluator compiles a list of usability problems and heuristic
violations concerning the application.

Afterwards, the lists of all evaluators are compiled into one general list
and the achievements are compared. A catalog with the total list of usability
problems is generated. All experts then have to rank all problems according
to their severity. The severity of a usability problem is a combination of three
factors:

1. The frequency in which the problem occurs: Is it common or rare?

2. The impact of the problem if it occurs: Will it be easy or difficult for
the users to overcome?

3. The persistence of the problem: Is it a one-time problem that users can
overcome once they know about it or will users repeatedly be bothered
by the problem?

Finally, the result of a heuristic evaluation is a complete list of all detected
usability problems ranked according to their severity.

Cognitive Walktrough A cognitive walkthrough (Wharton et al, 1992) is
conducted by at least two usability experts assessing the usability of a system
based on predefined task structures. The expert evaluators try to imagine how
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a typical (potential) user would complete these tasks with the assumption of
minimizing the cognitive load. Thus, the cognitive walktrough is primarily
used to evaluate the usability of a system in terms of its learnability and how
intuitive it can be used. During each task analysis, the experts ask themselves
a set of questions for each subtask. Typically, four questions are asked. If one
of these question, presented below, has been answered with “no”, a usability
problem is detected.

1. Will the user try to achieve the effect that the subtask has? Does the
user understand that this subtask is needed to reach the user’s goal?

2. Will the user notice that the correct action is available? For example, is
the button visible?

3. Will the user understand that the wanted subtask can be achieved by
the action? For example, the right button is visible but the user does
not understand the text and will therefore not click on it.

4. Does the user get feedback? Will the user know that he has done the
right thing after performing the action?

Advantages and Disadvantages

Expert evaluation methods to identify usability problems are commonly used
in HCI research as they offer three main advantages: (1) they are cheaper
in terms of resources than user studies, (2) they are faster than user studies,
and (3) they can be used in a very early stage of system development. Thus,
expert evaluation methods can provide the researcher with knowledge about
minor and major usability issues and, moreover, recommendations of how to
fix them. However, often problems can occur regarding the knowledge level of
the expert evaluators or the difficulty in reaching domain experts. If expert
evaluators are not part of the development team of a system, a further problem
can occur where the expert is not aware of technical limitations. Finally, it
is hard to assess the quality of the evaluation results the experts provide: are
the relevant problems found or minor design issues.

3.7.2 User Studies

Application

Laboratory-based By means of empirical data user studies try to answer
concrete research questions and hypotheses. In general user studies are based
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on representative tasks carried out by potential users. Participants are struc-
turally observed during the task conduction and measures are recorded, such
as task completion (effectiveness) and task duration (efficiency). The aim of
user studies is to detect usability problems. The think aloud technique (i.e.
participants are asked to comment on all steps they perform during the task)
supports the data gathering in user studies and helps to better understand the
reasons for the problem. Normally, user studies are audio and video taped to
allow the researcher a structured post-analysis and interpretation of the study
setting.

Field-based In general, the procedure of field-based studies is similar to
lab-based user studies. However, they are not necessarily task-based and the
main focus lies on behavior observation of users in a realistic environment. The
methodological difficulty in field trials is, primarily, that disturbing influence
factors, like ambient noise and bystanders etc., cannot be controlled and the
observation often has to be conducted in a passive and unstructured manner.

Wizard of OZ Technique If during a user study, the robotic system is
not fully autonomous, but a human “wizard” is acting behind-the scenes to
generate the system response, it is called Wizard of Oz (WOZ) experiment.
This technique was originally developed to test Natural-Langauge (NL), mul-
timodal and (software-) agent-based applications with real users (Dahlbäck
et al, 1993; Kelley, 1984). To allow user testing in very early stages of the
prototype development, which can not be fully implemented at that stage, a
human “wizard” enacts (or simulates) the system features in interaction:

“Central to the methodology is an experimental which I call the OZ
paradigm in which experimental participants are given the impression
that they are interacting with a program that understands English as
well as another human would. In fact, at least in the earlier stages of
development, the program is limping along, only partly implemented.
The experimenter, acting as ’Wizard’, surreptitiously intercepts com-
munications between participant and program, supplying answers and
new inputs as needed.” Kelley (1984)

This technique implies several advantages for user studies on human-robot
interaction: (1) testing in early prototyping stages, (2) controlling of intru-
sive factors in the experimental setting, (3) controlling of safety and security
issues during experiments, (4) simulation of relevant social cues or feedback
modalities.
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Advantages and Disadvantages

The use of user studies, in which task performance measures and behavioral
measures are taken as evaluation data, are becoming more common in HRI
studies. The pure measurement of task performance metrics only gives little
insights on evaluation factors beyond usability, but can be well combined with
questionnaires and interviews. Regarding field-based evaluation studies, the
data analysis is an issue, as the data analysis and interpretation are more
complex than in controlled lab-based settings. Field-based studies give more
insights into the “real” natural usage of robotic systems than predetermined
laboratory-based studies. WOZ studies allow a more comparable assessment
of usability indicators and the simulation of specific context factors, however,
when evaluating user experience and social acceptance a major disadvantage
occurs: do we measure the user’s perception of the robot or of the human
wizard, who stands behind the scenes?

3.7.3 Standardized Questionnaires

Application

Questionnaires are self-reporting research instruments using a series of ques-
tions or items which have to be answered or rated by the participants of the
survey. Standardized (or structured questionnaires) mainly consist of closed
questions where participants can choose from a set of pre-defined answers. The
aim is to gather statistically analyzable data by a large number of participants
to enable statistically significant results. Later in this PhD thesis, (see Sec-
tion 5.2) questionnaires will also be described, which were developed especially
for validating the proposed framework.

NARS - Negative Attitude towards Robot Scale This questionnaire
is based on a psychological scale to measure the negative attitudes of humans
towards robots. It was originally developed by Nomura et al (2006), while
in this PhD thesis the English translation of Bartneck et al (2005) is used
and referenced. This questionnaire tries to visualize which factors are the
reason preventing individuals from interacting with robots. The questionnaire
consists of 14 questions, which have to be rated on a 5 point Likert scale
ranging from “strongly disagree” to “strongly agree”. The 14 questions build
three sub scales: S1 = negative attitude toward situations of interaction with
robots; S2 = negative attitude toward social influence of robots; S3 = negative
attitude toward emotions in interaction with robots (the questionnaire can be
found in the Appendix: Annex 1).

46



AttrakDiff This questionnaire was designed to measure beyond the usability
(pragmatic quality) and the user experience (hedonic quality) of a system
(Hassenzahl, 2003). The questionnaire is a semantic differential consisting of
numerous antithetic word-pairs, e.g. “disagreeable - likable”. All items have
to be graduated by the participants on a scale ranging from the negative word
pole to the positive word pole; the negative pole (in sense of the scale) is
coded with “-3” and the positive with “+3”. The results are presented in
four different sub scales: “PQ = Pragmatic Quality of the System”, “HQI =
Hedonic Quality Identification”, “HQS = Hedonic Quality Stimulation”, and
“ATT = Attractiveness”. The pragmatic quality describes the usability of the
system and indicates how successful users are in achieving their goals using
the product. The Hedonic Quality Identification (HQI) scale describes to what
extent the system allows the user to identify with it. Whereas, the Hedonic
Quality Stimulation (HQS) scale is an indicator to what extent the system can
support stimulating functions, contents, and interaction- and presentation-
styles. Finally, attractiveness describes a global value of how the quality of the
system is perceived by the participants. The hedonic and pragmatic qualities
are independent from one another, and contribute equally to the rating of
attractiveness (the questionnaire can be found in the Appendix: Annex 2).

SUS - System Usability Scale The System Usability Scale (SUS) was de-
veloped at Digital Equipment Corp. as a tool which allows a simple and quick
standardized evaluation of system usability (Brooke, 1996). The questionnaire
consists of ten statement-based items, giving a global view of subjective as-
sessments of usability. The statements are rated by the participants on a 5
point Likert scale from “Strongly Disagree” to “Strongly Agree”. The overall
scale takes into account the effectiveness, efficiency, and satisfaction of partic-
ipants with a system. Thus, the result of the questionnaire is a single number
representing a composite measure of the overall usability of the system being
studied, meaning that scores for individual items are not meaningful on their
own. The range of this cumulative score is in between 0-100: “80-100: Users
like the system”; “60-79: Users accept the system”; “0-59: Users do not like
the system”(the questionnaire can be found in the Appendix: Annex 3).

The PANAS - Positive and Negative Affect Schedule The Positive
and Negative Affect Schedule (PANAS) is a psychological questionnaire. It
was developed by Watson et al (1988) to measure the affective state of partic-
ipants. It consists of 10 positive affects (interested, excited, strong, enthusias-
tic, proud, alert, inspired, determined, attentive, and active) and 10 negative
affects (distressed, upset, guilty, scared, hostile, irritable, ashamed, nervous,
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jittery, and afraid). Participants have to rate items on a 5 point Likert scale
according to the strength of feeling the emotion, whereas 1 = “very slightly
or not at all,” and 5 = “extremely”. The results of the questionnaire are two
scale scores, one for positive emotions and one for negative emotions. These
scores indicate how participants felt e.g. after a user study (the questionnaire
can be found in the Appendix: Annex 4).

Advantages and Disadvantages

Self-assessment methods, like questionnaires are the most commonly used
methods for evaluation in HRI studies. Self assessments can easily provide
valuable information how participants perceived the interaction with a robotic
system. However, the answers of the participants could be socially desired
answers, e.g. how participants expect others to answer this question or what
they expect that the experimenter wants to hear. Another issue is that the
experimenter cannot immediately corroborate participants answers. In many
cases, the questionnaires are used at the very end of a study. Moreover, the
current mood can also influence participants response behavior. Thus, partici-
pants can only answer them on a reflective level. In other words, questionnaires
give no direct insights to how participants feel exactly during the interaction
on a behavioral level. This is why it is important to use different methods
additionally, like task performance measures and physiological measures.

3.7.4 Physiological Measurements

Application

Physiological measurements are an alternative approach to self-assessment
measures (e.g. questionnaires and interviews) to explore emotions. By means
of measuring affect and arousal, emotions can be measured at the moment they
evolve. Several methods can be used to measure the emotional state of a sub-
ject (Minge, 2005): electro-dermal activity (SCR- skin conductance response;
SRR - skin resistance response); heart rate (ECG - electrocardiogram); size
of pupils (eye tracking system); activity of specific regions of the face (obser-
vation of zygomaticus major and corrugator supercilii); etc. Thus, combining
physiological measurement with questionnaires and interviews during a user
study can support the assessment of user experience indicators in terms of
hetronom and autonom identification of perception.
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Advantages and Disadvantages

Physiological measures become more and more popular in the HRI research
field. The main advantage of this methodological approach is that participants
can hardly manipulate the activities of their nervous system. Furthermore,
due to modern measuring equipment physiological measures offer a minimally-
invasive method to determine arousal in-situ. However, some measures can-
not be interpreted straightforward; arousal indicators need to be calculated.
Moreover, confounds (health status, temperature in the room etc.) can heavily
influence these measures. In general the interpretation of physiological data
is difficult: Does the rise of arousal indicate cognitive load, stress, surprise
etc.? Because of this, it is important to use additional qualitative data in the
analysis process of physiological data.

3.7.5 Focus Groups

Application

Krueger and Casey (2000) define a focus group as a “carefully planned series
of discussions designed to obtain perceptions on a defined area of interest in a
permissive, non-threatening environment”.

This method was originally designed as a marketing research tool and has
been adapted for research in many fields, such as social sciences, but also
in HCI and software development and evaluation settings. In general, focus
groups are similar to group discussions. However, the difference is that focus
groups are a more structured process to collect and interpret data. Participants
trigger the topics during the discussion which is moderated by a trained leader.
This enables the researcher to explore participants’ beliefs, attitudes, thoughts,
and feelings about topics and how they experience the usage of an interactive
system. Focus groups only generate qualitative data, which can be used as
valuable input for other instruments like questionnaires to produce quantitative
generalizable results.

Advantages and Disadvantages

Focus groups can be relatively easy to assemble and allow a flexible and in-
expensive way to investigate research questions. A main disadvantage is that
focus groups only represent the opinion of a small group of people. It is highly
important to select a representative sample for focus group discussions. Fur-
thermore, good facilitation skills are needed from the leader to handle various
types of people and ensure the contribution of all participants. In general it
is the nature of the focus group method that it is open ended and cannot be
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entirely predetermined. However, focus group data can be used to inform the
design of other methods, like user studies or questionnaire design.

3.7.6 In-depth Interviews

Application

In-depth interviews are “person-to person” discussions about a specific topic
of interest. The method generates qualitative data about the interviewee’s
thoughts, feelings and beliefs. In the methodological framework, in-depth in-
terviews are intended to be combined with user studies to gain insights about
the societal impact indicators. Key characteristics of in-depth interviews are:

1. Open-ended Questions: Questions should be worded in a way excluding
“yes” and “no” as answer possibility for the interviewee.

2. Semi-structured Format: The interview is based on interview guidelines
consisting of predefined questions with up-coming questions based on
information provided by the respondent that should be integrated into
the flow of the interview as well. Therefore, a specific order should be
avoided.

3. Seek Understanding and Interpretation: During the interview the inter-
viewer has to seek clarity and understanding of the respondent’s answers.
The correct interpretation of the answers is the core challenge of success-
ful in-depth interviews.

4. Conversational: In-depth interviews should be structured conversation,
although, the role of the interviewer is more listener than talker oriented.
The task of the interviewer is to lead smoothly and naturally from one
topic (question) to the next.

For the validation of the framework, semi-structured interviews were con-
ducted, where each guideline could directly be assigned to one of the indicators
of the framework.

Expert Interviews Expert interviews are also a qualitative research tech-
nique aiming to discuss open ended questions, but with experts in a specific
domain. Thus, the aim lies more in a knowledge transfer from interviewed
experts (e.g. humanoid robot developers) to the researchers than in under-
standing beliefs and attitudes.
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Delphi Studies A special way of conducting expert interviews is Delphi
studies. In Delphi studies, several rounds of interviews are conducted with
experts, whereas the interview guidelines are always based on the results of
the pre-interview. The goal is to find a solution of a complex problem or to
find a common understanding of a specific research topic.

Advantages and Disadvantages

Interviews can provide valuable in-depth qualitative data which may, for in-
stance, not be gathered with questionnaires. However, using interviews as
evaluation method also raises several issues. The response style of partici-
pants influences the gathered data. Participants can answer in an affirmative
way, in a negative way, and in a socially desired way. However, well written
interview guidelines and interviewer training can help to increase the amount
of informative data.

3.8 Reflection on the Proposed

USUS Evaluation Framework

The theoretical USUS evaluation framework is derived purely from a literature
review. The baseline given as a starting point was that the evaluation frame-
work should go beyond traditional usability studies and included the percep-
tion and acceptance of robotic systems and the impact of humanoid robots on
a societal level. This pre-condition led me to the four main factors: usability,
user experience, user acceptance and societal impact. Although, state-of-the-
art research in the field of HRI was taken into account, it was relevant for
me to include also psychological and sociological literature to develop a first
theoretical basis. The indications coming from sociology, like social interac-
tion with objects, includes aspects such as forms of grouping, reciprocity and
attachment. This has led to my assumption that the traditional HCI concept
of user acceptance has to be extended to “social acceptance”. Starting from
this assumption the next step was in finding indicators for user experience that
go beyond HCI concepts as well, which led to the indicators embodiment and
human-oriented perception. The review of the post-humanism literature finally
enabled me to identify key aspects regarding the impact of robotic technology
on a societal level.

In this regard the development of the theoretical USUS factor-indicator
model was mostly about generating indicators that had to be solidified through
arguments based on literature, without taking into account the interrelations
between the indicators and the four main factors at this stage. I never assumed
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a strict separation between the indicators and not even between the factors.
The proposed USUS evaluation framework as it is presented in this chapter
was a starting point for exploring these evaluation criteria. To find out more
about the proposed indicators and their interrelations, I performed eleven case
studies (see Chapter 4) and a broader online survey (see Chapter 5).

However, to obtain information about the theoretical factors and indica-
tors, a methodological framework needed to be proposed. My development of
the methodological framework was based on my experiences regarding meth-
ods of social empirical research and HCI. My view on methods stems from
the circumstance that studying, explaining, and understanding human social
behavior is rather complex and a “wrongly” chosen method can easily lead
to “artificial results”. Thus, I proposed a method mix and tried to limit this
effect by counterbalancing the disadvantages of one method by the advantages
of others, e.g. combining task performance measures with questionnaire data
or questionnaires with physiological measures. Whereas, it seems that the
methodological framework could be more easily validated than the theoretical
one, I did not omit the issue that “classical” methods needed, in some cases,
adaption and modification. Therefore, they can be reasonably used to assess
human-robot interaction scenarios (which is described in the specific study
settings in Chapter 4).

The evaluation framework presented in this PhD thesis and the evaluation
studies conducted with it is explicitly explorative and can only be a starting
point. It is in the nature of the USUS evaluation framework that it is limited in
its application areas. The framework was developed specifically for humanoid
robots in working contexts where direct contact interaction with humans is
considered. If the usage of the USUS evaluation framework is intended by
other evaluators, methodological considerations have to be taken into account,
which are described in more detail in Chapter 6.

52



Chapter 4

Validation of the Framework:
Conducted Case Studies

4.1 Outline of the Chapter

This chapter reports on the experimental setting, the methods used, the pro-
cedure, and the results of eleven case studies conducted in order to validate the
proposed USUS evaluation framework (see Section 3.2). The case studies were
conducted with the following three different humanoid robots (see Figure 4.1):

a RH-1: This robot was developed by the robotics lab of the Universidad
Carlos III de Madrid (UC3M). It was used only in the first project year
as testing platform. Later UC3M also worked with the HOAP-3 robot .

b HRP-2: This robot is the final version of the “Human Robotics Project”
headed by the Manufacturing Science and Technology Center (MSTC).
It is used by the Centre National de la Recherche Scientifique (CNRS)
and the National Institute of Advanced Industrial Science and Technology
(AIST).

c HOAP-3: This robot has been designed in order to provide portability.
The height of the robot is 60 cm and weights only 8.8 kg. It was used by
the Learning and Algorithms and System Laboratory (LASA) at Ecole
Polytechnique Federale de Lausanne (EPFL). Since, the second project
year, UC3M also used this robot.

All case studies presented in this thesis have two different view points: the
content-based research goal (giving insights into the theoretical framework)
and the validation of the methodological framework. Both sides will be pre-
sented for all case studies; however, the discussion of the results will mainly
focus on the validation of the methodological framework.
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Figure 4.1: The Three Robots

(a) RH-1 (b) HRP-2 (c) HOAP-3

4.2 Case Study 1:

Focus Group about the HRP-2 Robot

This case study was carried out as two comparative focus groups stimulated
with a video input and additional creative material (“Robot Building Set”). It
was conducted in two focus group discussions moderated by discussion guide-
lines addressing user experience and social acceptance indicators. Further-
more, three standardized questionnaires were used to gather quantitative data
as well. In each focus group, nine participants took part. It was decided to
choose an uneven number of participants in order to get a clear majority in
group decision processes. The case study was conducted at the ICT&S Center,
University of Salzburg, February 2008. The content-based research question in
this study was to explore: “Is the HRP-2 robot perceived differently depending
on the fact if it collaborates autonomously or tele-operated with a human in
terms of social acceptance and user experience?”. The study can also be found
in Weiss et al (2009h) and in Weiss et al (2009f).

Form the methodological viewpoint of validating the proposed evaluation
framework, this case study can be seen as an initial activity to verify the
indicators for the factors user experience and social acceptance by means of
a qualitative approach and to close possible indicator gaps of the theoretical
framework. Additionally, the qualitative results gathered in this study had
been the starting point for the development of standardized questionnaires to
address the mentioned factors in later case studies (see Section 4.4, Section 4.5,
Section 4.6).
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4.2.1 Study Setting

A 2 (group) x 2 (type of robot) between subject study was conducted, com-
paring the perception of the HRP-2 robot under two conditions (operation
modes). Therefore, two groups (group I and II) with the same characteristics
were recruited. Group I was presented a video showing the HRP-2 robot in
tele-operated mode (condition I), whereas group II was presented the HRP-2
robot acting autonomously (condition II). The dependent variable therefore
was “perception” and the independent variable was “operation mode” (tele-
operated vs. autonomous).

The reason for choosing a focus group in this case study was the fact
that it represents a fast and cheap qualitative method for gaining first-hand
experiences of people’s attitudes toward certain aspects of HRI. Moreover,
attitudes towards working conditions are often influenced by group discussion
processes in everyday life, meaning that when a humanoid robot would be
introduced into a real working environment, employees would probably discuss
acceptance and experience factors together.

Two focus stimuli were used: a video input and the “Robot Building Set”.
The first discussion stimulus was a video showing the HRP-2 robot collaborat-
ing with a human, which was presented to both groups. The only difference
between the groups was that group I was shown that the robot is tele-operated,
whereas group II thought it worked autonomously (see Figure 4.2). The dura-
tion of the videos was three minutes.

The second stimulus was the “Robot Building Set” which was used to get
insight on the indicator embodiment. This creative stimulus consisted of a set
of the most important parts of a robot feet, arms, head, torso) in three different
variations (functional, human-like and animal-like design). Participants had
the task to create a robot they would accept as working partner out of the
completely mixed parts (see Figure 4.2). This was done after the focus group
discussion.

4.2.2 Instruments

Discussion Guidelines The focus group discussion was moderated by a
researcher using semi-structured discussion guidelines, where each question
addressed one of the indicators which were intentionally investigated during
the focus group (the complete guidelines can be found in Weiss et al (2009f)
and in the Appendix: Annex 5). The whole discussion was protocoled.
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Figure 4.2: Case Study 1: Focus Group Stimuli

(a) The Two Videos in Comparison (b) The “Robot
Building Set”

Questionnaires Two questionnaires where used during this case study to
gather additional quantitative data: The NARS questionnaire and the At-
trakDiff questionnaire (descriptions for all questionnaires can be found in Sub-
Section 3.7.3). The Table 4.1 gives an overview of which methods were used
to assess which indicator in this case study.

Table 4.1: Method Mix: Case Study 1
Factor Addressed Indicator Used Method
Social Acceptance

Attitude toward Using
Technology

NARS

Self Efficacy Focus Group Discussion
Forms of Grouping Focus Group Discussion
Reciprocity Focus Group Discussion

User Experience AttrakDiff
Emotion Focus Group Discussion
Feeling of Security Focus Group Discussion
Co-Experience Focus Group Discussion
Embodiment Focus Group Discussion

Robot Building Set

4.2.3 Procedure

The study started with an introduction to the topic, then participants had
to fill in the NARS. Next the video stimulus was shown to the participants,
followed by filling out the AttrakDiff questionnaire to rate the user experience
of the HRP-2 robot. Then, the group discussion about humans working to-
gether with robots was carried out, according to the semi-structured discussion
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guidelines. Participants ended the session by collaboratively designing a robot
best suited for the task shown in the video by using the “Robot Building Set”.

4.2.4 Results

Insights on the Theoretical Framework The results of this case study
showed that the autonomous HRP-2 robot was differently perceived than the
tele-operated HRP-2 robot regarding the indicator feeling of security. Partici-
pants of both conditions indicated to feel more secure with a human controlled
HRP-2. Moreover, the questionnaire data (AttrakDiff) revealed that the tele-
operated HRP-2 was perceived more positively with regards to its attractive-
ness and hedonic qualities. The mean values for the autonomous robot were:
PQ: −0.19 (SD : 1.09), HQI: −0.50 (SD : 1.40), HQS: −0.36 (SD : 1.14), and
ATT: −0.34 (SD : 1.33). The mean values for the tele-operated HRP-2 were:
PQ: −0.01 (SD : 0.09), HQI: 0.70 (SD : 0.53), HQS: 0.35 (SD : 1.00), and
ATT: 0.22 (SD : 0.93). The differences in the means of the scales, however,
only were statistically significant for the HQI scale (t(15) > 2.384; p < 0.05).

Attitude towards technology: The data from the NARS questionnaire sho-
wed that participants had a very high interest in technology. Moreover,
results of the NARS showed that participants were neither positive nor
negative, but neutrally attuned to robots.

Self efficacy: Participants of both groups indicated that special education
will be necessary for working with a robot. Thus, it seems that collabo-
ration with robots does cause a lower self-efficacy in the personal abilities
of handling it.

Forms of grouping: Comments made by the participants of both groups
clearly show that robots are seen as tools, not as equal working col-
leagues. This tendency is also confirmed by the “Robot Building Set”,
as both groups created a functional designed robot.

Reciprocity: Corresponding with the fact that a robot is seen as a tool rather
than an equal working colleague, participants stated that the robot as a
technical device should not act socially, but that humans may be able to
treat a robot in a social way.

Emotion: Participants of both groups were not afraid that a robot like HRP-
2 could one day substitute human beings. However, they are afraid that
future robotic technology could be used negatively, not only to support
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humans. Participants fear a future society lacking of interpersonal emo-
tional relationships, if it will become possible to develop an emotional
attachment to a robot.

Feeling of security: Both groups stated that they would feel more secure in-
teracting with a tele-operated robot, but also mentioned that they could
imagine getting used to an autonomous robot, as the fear of novelties is
human-like.

Co-experience: Participants of both groups agreed that a robot cannot sub-
stitute a human working colleague. Thus, they stated they are unwilling
to treat a robot like a human working partner.

Embodiment: All in all, participants are open to robots as working partners
as long as there is a clear distinction between a human and a robotic
working colleague. In other words, robots are designed functionally, that
they are not treated as equal (human) working colleagues, and that they
are not intended to substitute humans in a social (non-functional) way
(see also Weiss et al (2009h)).

Insights on the Methodological Framework From a methodological
view point, a video as stimulus for focus groups proved its value to gain first
insights on the overall attitude of people regarding social acceptance and user
experience for human-robot collaboration with a humanoid robot. It could be
shown that a focus group, in general, is a reasonable approach to address the
overall attitude of people regarding humanoid robots as working colleagues,
particularly concerning different perceptions of the same robot depending on
its operation mode. Similarly, the “Robot Building Set” proved its value to
investigate the user experience factor embodiment in a creative way. Having
both groups produce a similar result (both robots were functionally designed),
indicates that the operation mode condition did not influence the decision pro-
cess and this creative stimulus offers a simple way of visualizing embodiment
preferences.

The main advantage of the method can be seen in the rich amount of
qualitative data that can be gained regarding the indicators of user experience
and social acceptance. This is of high value in the beginning of evaluation
studies conducted by means of the USUS evaluation framework.

Two limitations of the proposed method are the type of robot and the task
it conducts, which clearly influence the results of the study and that the socio-
cultural context. For other research topics (e.g. companion robots in elderly
care), it needs to be further investigated if similar settings with different types
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of robots can lead to valuable results. To validate this methodological approach
in terms of socio-cultural context, it will be necessary to conduct exactly the
same focus group setting in different cultural environments (e.g. Western vs.
Asian) to compare the results with a special focus, not only on the different
perception of autonomous and tele-operated robots, but also on socio-cultural
impacts.

This first qualitative case study revealed furthermore that even with a
small sample size the AttrakDiff and the NARS questionnaire are reasonable
instruments to address the factor user experience in general and the indicator
attitude toward using technology in particular. Thus, the decision was made
to use these two instruments in future case studies. The discussion material
gained in the focus group should furthermore build the basis for the devel-
opment of two pre-structured questionnaires: the UX-Questionnaire and the
SoAc-Questionnaire (see Section 5.2), which were used in latter studies to di-
rectly address the proposed indicators of the theoretical framework. Moreover,
as the participants often by themselves mentioned indicators of the societal im-
pact factor during the discussion, it was decided to address these indicators in
the following case studies by means of pre-structured interviews.

4.3 Case Study 2:

Heuristic Evaluation of Three Robots

This case study was carried out by providing project partners of the FP6 EU-
funded Project “Robot@cwe: Advanced robotic systems in future collaborative-
working environments” via e-mail an instruction-manual and a problem list
template to assess the usability of the HRP-2 and HOAP-3 robot and a simu-
lation of the RH1 robot by means of a heuristic evaluation (more details on this
method in general can be found in SubSection 3.7.1) according to the heuris-
tics of Clarkson and Arkin (2007). For this case study, the heuristic evaluation
method was adapted by means of video scenarios (more details can be found
in Weiss et al (2009f) and Altmaninger (2008)). The instruction-manual can
be found in the Appendix: Annex 6.

Nine expert evaluators identified usability problems in six different video
scenarios (4 HRP-2 scenarios, 1 HOAP-3 scenario, 1 RH-1 scenario) and ten
expert evaluators rated the problems in terms of severity. The content-related
research question was “What are the major usability problems of HRP-2,
HOAP-3, and RH-1 occurring in the conducted collaboration tasks?”.

From a methodological view-point, the case study was conducted to find
out which usability indicators can be reasonably addressed with an heuristic
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evaluation and to set-up a methodological variation. This methodological vari-
ation allows to conduct a heuristic evaluation with HRI experts, not usability
evaluation experts, assessing a system that is not necessarily on-site for evalua-
tion. The heuristic evaluation was organized by the ICT&S Center, University
of Salzburg in April 2008.

4.3.1 Study Setting

The study was conducted via e-mail, meaning that the project partners re-
ceived an instruction-manual (see Figure 4.3) how to conduct the heuristic
evaluation and a template to fill in the problems found. A complete problem
list of all usability problems for both robots was than compiled by the ICT&S
Center, University of Salzburg. Afterwards, each expert evaluator conducted
a severity ranking of all problems found.

Figure 4.3: Case Study 2: HE Instruction-Manual

4.3.2 Instruments

The Heuristics The heuristics from Clarkson and Arkin (2007) were used.
As these heuristics only proved their validity for on-site heuristic evaluations,
it was decided to adapt the method with video material and scenario descrip-
tions. Therefore, usability problems can be interpreted afterwards and ranked
according to the severity by all expert evaluators.
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The Video Stimulus The evaluators were asked to formulate and videotape
a collaborative scenario in a narrative story including (1) the roles involved
in the scenario (e.g. a human worker and a robot that should collaboratively
raise an object), (2) the tasks and subtasks (e.g. task: raise an object together
- subtasks: identify the object; giving feedback to the human, grab the object
etc.), and (3) the setting (e.g. the robot is positioned in front of the human, the
robot moves autonomously, the human needs to wear sensors). To visualizes
the usability problems, evaluators additionally had to note the video time-
code to the found usability problem. The Table 4.2 gives an overview of which
methods were used to assess which indicator in this case study.

Table 4.2: Method Mix: Case Study 2
Factor Addressed Indicator Used Method
Usability

Effectiveness Heuristic Evaluation
Efficiency Heuristic Evaluation
Learnability Heuristic Evaluation
Flexibility Heuristic Evaluation
Robustness Heuristic Evaluation

4.3.3 Procedure

When the expert evaluators received the instruction-manual and the template,
they had two weeks time to conduct the heuristic evaluation. Afterwards they
sent all material back to the ICT&S Center, University of Salzburg, where
a complete problem list of all scenarios and found problems was compiled.
Different from traditional heuristic evaluations, all problems had to be ranked
in severity from all experts, which was possible due to the provided video
material.

4.3.4 Results

Insights on the Theoretical Framework In total, six expert evalua-
tors assessed six different human-robot collaboration scenarios. The most
often violated heuristics were: “visibility of system status”(n=13), “appro-
priate information presentation”(n=9), and “flexibility of interaction architec-
ture”(n=10). The first two heuristics combined covered 22 from all 59 heuristic
violations. Interestingly, the heuristic “aesthetic and minimalistic design” was
not violated according to the expert evaluators, indicating that HRI experts
think usability problems of the assessed systems are not due to design flaws.
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Regarding the severity of the usability problems, the evaluators rated one third
of the problems as major usability problems or even usability catastrophe, and
the remaining problems as minor usability problems.

Effectiveness: The lack of “visibility of system status” (this heuristic was
violated 13 times out of the overall 59 violations according to the expert
evaluators) indicates that an effective collaboration between a novice
user and the evaluated humanoid robots can not be guaranteed. This
assumption is also supported by the fact that the heuristic on “sufficient
information design” was violated 6 times and the heuristic on “appropri-
ate information presentation” 9 times.

Efficiency: According to the expert evaluators, the heuristic “synthesis of
system and interface” was violated 7 times which leads to the assumption
that an efficient collaboration between the human and the robot cannot
be assured in the assessed scenarios.

Learnability: The heuristic on “use of natural cues” was violated 13 times
indicating that novice users would have problems in collaboration, as
the robotic systems evaluated are lacking on intuitiveness. However, the
expert evaluators could not predict how this circumstance would actually
affect the learnability of the robotic systems for novice users.

Flexibility: According to the expert evaluators, the heuristic on “flexibility
of the system” was violated 10 times, indicating that there is still a lack
in the task independent design for human-robot collaboration.

Robustness: The fact that the heuristic on “help users recognize, diagnose,
and recover from errors” was violated 7 times, indicates that it would
be difficult for novice users to learn the collaboration with the robotic
system by trial and error.

Insights on the Methodological Framework From the methodological
view point, this case study revealed that the proposed indicators for usability
can be reasonably addressed with the described methodological variation of a
video material supported heuristic evaluation. Additionally ,this case study
proved that the heuristics of Clarkson and Arkin (2007), originally intended to
be used for direct assessment of human-robot interaction, can be reasonably
applied for video-based assessment of human-robot interaction. By presenting
scenarios of human-robot interaction on video, an interdisciplinary evaluation
team could successfully identify usability problems with varying severity in
the interaction scenarios. As numerous severe problems could be found at an
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early stage in the development phase, this approach can be considered effec-
tive. Even a virtual interaction scenario was evaluated effectively concerning
usability aspects.

The main advantage of evaluating video-based human-robot interaction
scenarios is the fact that it is more economical than live interactions. The
evaluation of video-taped interactions requires less effort compared to live in-
teractions, as the scenario only has to be conducted once for the recording of
the video material. Moreover, conducting an evaluation remotely and being
independent from a location (i.e. evaluation is not limited to the research lab-
oratory where the robot is developed) does not only save resources, but also
does not predetermine the sample size of expert evaluators who can assess the
scenario in parallel.

The main limitations in this methodological variation can be seen in the ma-
terial which needs to be provided for the expert evaluators: (1) the instruction-
manual and (2) the video scenarios. During this case study, a missing method-
ology understanding of the expert evaluators could be observed, which could
not be supported by the instruction-manual. This had to be explained by indi-
vidual e-mail answers. Thus, the instruction-manual needs to be written very
detailed and precise to ensure that the expert evaluators, who have no previ-
ous knowledge about the methodology, perform the analysis in a comparable
manner.

Another way of addressing this issue in future studies, would be to intro-
duce a co-located moderator who supports the expert evaluators. Furthermore,
the scenario visualization is a critical point: all action sequences need to be
video-taped from the human’s as well as from the robot’s perspective to allow
the identification of usability problems. For instance, two of the HRP-2 scenar-
ios were only recorded from one camera perspective, which could be a reason
why only minor heuristic violations were identified. Regarding the number of
required evaluators, at least five or more evaluators should conduct the heuris-
tic evaluation, as possible low return rates can be absorbed and the evaluator
teams can be composed with a broader variety of research backgrounds.

However, only little insights on the indicator learnability could be gained
by this methodology. Thus, it was decided to conduct an additional cognitive
walkthrough based on the videos gathered during two of the laboratory-based
user studies (see Section 4.10). This approach should enhance the methodolog-
ical framework of the USUS evaluation framework to allow a quick assessment
of the usability indicator learnability without conducting specialized user stud-
ies.
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4.4 Case Study 3:

First User Study with HRP-2

This case study was the first laboratory-based user study. It was based on two
tasks, where participants had to control the HRP-2 robot via speech commands
to pick up (task 1) and put down an object on another place (task 2). In this
case study, indicators of all four evaluation factors were attempted, to have a
holistic view on the theoretical framework. To measure usability, task comple-
tion rate and task duration were protocoled, as well as a “Retrospective Think
Aloud” was conducted (as the user testing was based on speech commands,
the participants should not be negatively influenced by the traditional “Think
Aloud” technique). Furthermore, participants had to fill in the SUS question-
naire. User experience was addressed with the AttrakDiff questionnaire and
an additionally developed pre-structured questionnaire on the user experience
indicators. The social acceptance indicator attitude towards using technology
was again addressed by the NARS questionnaire. The study concluded with
a qualitative interview on participants’ imagination of a future society with
robots, to study the societal impact indicators. Four participants took part in
this preliminary laboratory-based case study, which was conducted together
with LAAS/CNRS (Laboratory for Analysis and Architecture of Systems),
University Paul Sabatier in Toulouse France, July 2008. The study can also
be found in Weiss et al (2009c) and in Weiss et al (2009f). The content based
research questions of this user study were:

1. “How do novice user experience the collaboration with the humanoid
robot HRP-2 when interacting via speech commands?”

2. “How do users perceive the system in terms of usability?”

3. “Does the general attitude towards robotics change because of the inter-
action with the robot?”

4. “How do people imagine the future society after interacting with the
robot?”

From a methodological view point the focus of interest was to verify if the
standardized questionnaires from other disciplines, as well as the self-developed
UX-Questionnaire (see Section 5.2) indicators are reasonable to evaluate the
proposed factors. Furthermore, it was necessary to investigate the workload
of such a study setting for the participants and which methodological consid-
erations have to be taken into account for future user studies.
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4.4.1 Study Setting

This user study was based on two tasks (listed below), which participants had
to conduct with the HRP-2 robot (see Figure 4.4). Four participants took part
in the study, one female and three male. They were between 20 and 40 years
old.The tasks were introduced by the following scenario:

“Imagine you are working at a construction site and need a special
tool. A humanoid robot, its name is fourteen, is supporting you by
providing you with your needed tools. You can control the robot with
predefined commands, therefore it picks-up and transports the tool.”

Task 1 Tell the robot to pick up the orange ball. Therefore, you have to use
the following commands. After each command, wait for the reaction (answer)
of the robot, before you start with the next one.

1. “14” (the general command which activates the robot)

2. “Go to the green box”

3. “Look down”

4. “Take the orange ball”

Additional commands:

• “Turn to the left”

• “Turn to the right”

Task 2 Your task is to now tell the robot to put the orange ball on the table.
The following commands are:

1. “14” (the general command which activates the robot)

2. “Turn to the left”

3. “Go to the yellow table”

4. “Look down”

5. “Put the orange ball on the yellow table”

Additional commands:

• “Turn to the left”

• “Turn to the right”
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Figure 4.4: Case Study 3: Study Setting

4.4.2 Instruments

Usability Measurements The entire user study was video-taped. Task
completion and task duration were recorded during the user study to address
the usability indicators effectiveness and efficiency. Furthermore, a “Retro-
spective Think Aloud” was conducted and participants were asked about im-
provements and changes they would suggest to make the interaction easier in
future.

Questionnaires The SUS questionnaire (for details see SubSection 3.7.3)
was used to additionally address the perceived usability of the interaction. To
get a general insight on the user experience of the robot, the AttrakDiff was
used (see also SubSection 3.7.3 for explanation). Furthermore, a questionnaire
was developed (subsequently called UX-Questionnaire) which addressed all five
user experience indicators with five statements each. These had to be rated
on a 7 point Likert scale (in style of the AttrakDiff) by the participants. The
complete questionnaire and more details on its development can be found in
Section 5.2.

For the final in-depth interview the following four questions were discussed
with the participants, each addressing one of the indicators for societal impact.

1. In which way could robots be integrated into working life in the future?
- (indicator: working condition and employment)
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2. How could life change if robots are integrated into a construction site? -
(indicator: quality of life, health, and security)

3. How will the usage of robots in the working context influence the future
education system? - (indicator: education)

4. How could you imagine that society will support the use of robots in the
future? - (indicator: cultural context)

Table 4.3 gives an overview of which methods were used to assess which
indicator in this case study.

Table 4.3: Method Mix: Case Study 3
Factor Addressed Indicator Used Method
Usability SUS Questionnaire

Retrospective Think Aloud
Effectiveness Task Completion
Efficiency Task Duration

Social Acceptance
Attitude toward Using
Technology

NARS

User Experience AttrakDiff
Emotion UX-Questionnaire
Human-Oriented Percep-
tion

UX-Questionnaire

Feeling of Security UX-Questionnaire
Co-Experience UX-Questionnaire
Embodiment UX-Questionnaire

Societal Impact
Quality of Life, Health,
and Security

In-depth Interview

Working Conditions and
Employment

In-depth Interview

Education In-depth Interview
Cultural Context In-depth Interview

4.4.3 Procedure

The study started in a room separated from the test setting, where participants
had to fill in the NARS for the first time. Next, the two tasks were conducted.
After each task, participants were asked what they thought and felt during the
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interaction with the robot, if they had any problems during the interaction, and
if they would like to change or improve something to make the task fulfillment
easier. Participants then rated the difficulty of the task. After the two tasks
were carried out, participants filled in the questionnaires in the following order:
(1) SUS, (2) AttrakDiff, (3) UX-Questionnaire, (4) NARS (second round).
After the questionnaires were filled in, the user study was concluded with the
in-depth interview on participants’ imagination about how future society could
look like regarding the integration of robotic technology.

4.4.4 Results

Insights on the Theoretical Framework The results of this case study
gave first insights how novice users experience the collaboration with the hu-
manoid robot HRP-2 when interacting via speech commands. Besides gather-
ing data on usability and user experience indicators, participants imagination
of the integration of robots into the future society were collected and the atti-
tude change towards robots after interacting with the HRP-2 robot could be
revealed.

Usability: The SUS questionnaire equaled a result of 78.8, meaning that the
participants accepted the HRP-2 robot in terms of its usability. However,
the SUS is no absolute ratio, it depends on the experimental context. In
this case study, participants evaluated the speech interaction with the
robot. This positive perception of the usability could not be found in
the data of the “Retrospective Think Aloud”, as 18 negative statements
could be extracted and only 11 positive ones.

Effectiveness: Task 1 was solved 4 times, but 2 of those times with help.
Task 2 was solved 4 times, but 1 time with help. However, this task
completion rate indicates a high effectiveness of HRP-2 for this specific
task.

Efficiency: Task 1 was solved with a task duration mean of 03:53 minutes
(SD : 104.42 sec; range: 02 : 23 − 5 : 36) and task 2 revealed a task
duration mean of 4:55 minutes (SD : 198.00 sec; range: 02 : 57−08 : 32).
As the ideal task duration time was set-up 3 minutes for task 1 and 5
minutes for task 2, this indicates a rather good efficiency.

User Experience: The general assessment of the user experience of HRP-2
by means of the AttrakDiff questionnaire revealed that participants expe-
rienced the robot rather heterogeneously, even though the mean values
were all around 0 (above all the scale HQS shows a board SD). The
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ratings for the scales (reaching from -3 to +3) revealed the following
mean values for the four scales: PQ: 0.00(SD : 0.38), HQI: −0.54, (SD :
0.44), HQS: 0.04(SD : 0.62), and ATT: 0.07(SD : 0.25). The UX-
Questionnaire (scale 1 to 7) revealed more detailed insights on the indi-
cators for user experience: emotion (mean : 5.85, SD : 0.3), embodiment
(mean : 5.33, SD : 0.47), feeling of security (mean : 4.93, SD : 0.47),
human-oriented perception (mean : 5.2, SD : 0.38), and co-experience
(mean : 3.7, SD : 0.25). These results are closely related to the results
of the focus group.

Attitude towards Using Technology: The NARS questionnaire revealed
significant decreases. When comparing the results of the two rounds, the
“Negative attitude toward Situations of the Interactions with Robots”
(t(3) = 5.20, p < 0.05) and the “Negative Attitude toward Social Influ-
ence of Robots” were both rated significantly lower (t(3) = 3.43, p <
0.05).

Societal Impact: When discussing robots in the future working life, three
out of four participants used the term “replacement”. Also, positive
aspects were mentioned by participants, such as robots can be used in
dangerous settings, but a negative future was generally predicted by par-
ticipants: “What will be the value of human work in future?”(indicator:
working condition and employment).

A similar tendency was seen by participants regarding the second ques-
tion, how life will change because of robots. Two participants mentioned
unemployment, the other two argued that work performed by robots will
be more accurate (indicator: quality of life, health, and security).

Regarding the third question on the future education system, partici-
pants had two different concepts: (1) people have to learn the usage of
robots in school,(2) children will be able to learn outside school how to
use robots (indicator: education).

The last question participants agreed that in the Western world, the
introduction of robots will be a cost-benefit issue, and people will have
to get used to them (indicator: cultural context).

Insights on the Methodological Framework From the methodological
view point, this user study proved the feasibility to combine qualitative and
quantitative methods to gain insights on several USUS factors and indicators in
one setting. Linking the data from the pre-structured questionnaires with the
“Retrospective Think Aloud” and the societal impact interviews, facilitated
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the clustering and interpretation of the gathered data. Furthermore, it could
be shown that the proposed SUS and AttrakDiff questionnaire can be fruitfully
used to assess human-robot interaction scenarios with a humanoid robot.

A main advantage of this case study was that the NARS questionnaire can
be reasonably used to investigate a change in attitude before and after inter-
acting with a robot, even with a small sample size. Regarding the procedure
to interview participants twice on their attitude with the NARS questionnaire,
it is worth mentioning that participants experienced it as positive that they
had the opportunity to fill in the NARS questionnaire twice: “That’s good; I
already changed my mind about robots”. Similarly, the study duration and
workload was experienced as acceptable for the study participants. In general,
confronting novice users the first time with a robot in this type of study setting
allowed to observe first time user reactions on humanoid robots and to find
out if these reactions influence participants’ attitude towards robots.

However, a major limitation of this case study was that participants expe-
rienced human-robot interaction, which was only based on speech commands,
not as collaboration. All four participants saw the interaction with the robot
more as working with a sophisticated tool than collaborating with a robotic
system. Another limitation noticed in this case study was the problem of as-
sessing the indicator feeling of security in a laboratory-based setting, since a
human operator accompanied the study to take care of the robot. In settings
like this, participants expect their safety as granted and have difficulties in
answering questions regarding feeling of security.

A further, issue, which came up in this user study was that more efforts
need to be invested into the recruitment of participants, primarily regarding
the aspect of working with “novice” users who have no previous knowledge
in robotics. In the “Retrospective Think Aloud” and the societal impact in-
terviews, it became obvious that people heavily relate to their education and
profession: “As I study computer science, I have a mental model how the vi-
sion of the robot works.” “As I am working in education I can tell you that
robots should not teach children!” However, the additionally developed UX-
Questionnaire could not be validated according to its scales in this preliminary
user study. As this could be due to the small sample size, it was decided to
keep the questionnaire in its current form and validate it by means of a broader
online survey (see Section 5.3).

Furthermore, the indicator emotion was detected as hard to assess only by
the UX-Questionnaire, as this questionnaire only addresses how heavily the
emotional level of participants was affected during the interaction with the
robot. To distinguish between positive and negative feelings, it was decided
to add the psychological PANAS questionnaire in the next user studies (see
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SubSection 3.7.3 for details). As the SUS questionnaire revealed a rather
different result than the “Retrospective Think Aloud” it was assumed that this
questionnaire is highly context dependent and reflects only a few statements
of the participants (“I never thought it is so easy, you just need to talk to the
robot!”), thus it seemed reasonably to keep the think aloud technique to get a
more holistic picture of occurring usability problems.

For one participant, the study lasted one hour in total, thus it was decided
to add an additionally developed questionnaire on social acceptance, the SoAc-
Questionnaire (see Section 5.2), to the following studies, as a study duration
of 1.5 hours is experienced as capable for participants.

4.5 Case Study 4:

First User Study with HOAP-3

The second laboratory based case study was a task based user study, which was
conducted with the HOAP-3 robot. Participants had to conduct two “learning
by demonstration” tasks with the robot. For the first task they had to teach
the arm of the robot to (1) push a box, and for the second one (2) to close a
box. Again it was tried to address all factors of the evaluation framework, even
including more indicators than in the first laboratory based study. Usability
was again measured by the task completion rate and the task duration, plus
a “Retrospective Think Aloud” (also in this study the interaction with the
robot was partly based on voice commands) and the SUS questionnaire (see
SubSection 3.7.3).

Furthermore, participants had to fill in the AttrakDiff questionnaire (see
SubSection 3.7.3), the UX-Questionnaire and the SoAc-Questionnaire (see Sec-
tion 5.2), and give an interview on open ended questions regarding their imagi-
nation of a future society with robots as working partners. Eleven participants
took part in this study conducted together with LASA/EPFL at Lausanne,
Switzerland, August 2008. The study can also be found in Weiss et al (2009e)
and in Weiss et al (2009f).The content based research questions of this study
were the following:

1. “How do novice user experience the collaboration with the humanoid
robot HOAP-3 when the interaction is based on learning by demonstra-
tion?”

2. “How do users perceive the robot in terms of usability?”

3. “Does the general attitude towards robotics change because of the inter-
action with the robot?”
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4. “How do people imagine the future society after interacting with the
robot?”

From the methodological view point of validating the evaluation framework,
the focus was on producing comparable data to the HRP-2 user study and to
fill methodological gaps, witnessed during the previous test. Furthermore, the
case study should give insights if the instruments measure the same indicators
for a different HRC scenario.

4.5.1 Study Setting

This user study was based on two tasks which participants had to conduct with
the HOAP-3 robot (see Figure 4.5; Figure 4.6). The tasks were introduced by
the following scenario:

“Imagine you are working at an assembly line in a big fabrication
plant. A new robot is introduced, which should support you in complet-
ing tasks. You can teach the robot specific motions by demonstrating
them (meaning move the robot’s arm like you expect it to move it later
on its own); the robot will repeat the learned motion. You can repeat
this demonstration-repetition cycle as long until you are pleased with
the result.”

Task 1 This task is to teach the robot to push this box from its working
space into yours on its own. The task is split up into the following action
sequences:

1. Show the robot the specific task card by putting it on the table in front
of the robot (move it around until the robot recognizes it).

2. Demonstrate the robot to push the box with its right arm, by putting
the box very close in front of the robot and moving its arm.

3. Let the robot repeat what it learned.

4. (If necessary) repeat sequences 2 and 3 until you are pleased with the
way the robot pushes the box.

• The interaction with the robot is based on speech commands. Just follow
the commands of the robot and answer to it with yes or no (or any other
answer proposed by the robot).

• You only need to teach the right hand arm of the robot by moving its
elbow.
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Figure 4.5: Case Study 4: Study Setting Task 1

Task 2 This task is to teach the robot to close this box on its own. The task
is split up into the following action sequences:

1. Show the robot the specific task card by putting it on the table in front
of the robot (move it around until the robot recognizes it).

2. Demonstrate the robot to close the box, by putting the box very close in
front of the robot and moving its arm.

3. Let the robot repeat what it learned.

4. (If necessary) repeat sequences 2 and 3 until you are pleased with the
way the robot closes the box.

• The interaction with the robot is based on speech commands. Just follow
the commands of the robot and answer to it with yes or no (or any other
answer proposed by the robot).

• You only need to teach the right hand arm of the robot by moving its
elbow.

As the pretest of the user study showed that the tasks are experienced
as different in its level of difficulty (task 1 was estimated more difficult than
task 2) the order of the tasks was counterbalanced between the participants
to reduce a potential learning effect. Twelve participants (8 females, 4 males)
took part in this case study. The age range was from 16 to 40 years with an
average of 26.58 years.
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Figure 4.6: Case Study 4: Study Setting Task 2

4.5.2 Instruments

Usability Measurements To measure usability, task completion and task
duration were recorded during the user study. Furthermore, a “Retrospective
Think Aloud” was conducted.

Questionnaires The same questionnaires were used, as described for the
preliminary HRP-2 test (see SubSection 4.4.2). Additionally, one validated
questionnaire from psychology, the PANAS, was added to address the user
experience indicator emotion with respect to positive and negative emotions
(for details see SubSection 3.7.3). A questionnaire was also developed based
on the indicators defined for social acceptance, subsequently called SoAc-
Questionnaire. It was based on 32 items which had to be rated on a 5 point
Likert scale by the participants. The complete questionnaire and more details
on its development can be found in Section 5.2. Table 4.4 gives an overview
of which methods were used to assess which indicator in this case study.

4.5.3 Procedure

The user study started with the NARS questionnaire, which had to be filled
in by the participants before they saw the robot. Afterwards, participants
conducted the two tasks with the robot. Following each task, they were inter-
viewed for their thoughts and feelings during the interaction with the robot,
suggestions for improvements to make future interaction easier, and they had
to rate the difficulty of the task.

Next, the participants were asked to fill in the standardized question-
naires in the following oder: (1) PANAS, (2) SUS, (3) AttrakDiff, (4) UX-
Questionnaire, (5) SoAc-Questionnaire, and (6) NARS (second round). After
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Table 4.4: Method Mix: Case Study 4
Factor Addressed Indicator Used Method
Usability SUS Questionnaire

Retrospective Think Aloud
Effectiveness Task Completion
Efficiency Task Duration

Social Acceptance
Attitude toward Using
Technology

NARS

SoAc-Questionnaire
Performance Expectancy SoAc-Questionnaire
Effort Expectancy SoAc-Questionnaire
Self Efficacy SoAc-Questionnaire
Forms of Grouping SoAc-Questionnaire
Attachment SoAc-Questionnaire
Reciprocity SoAc-Questionnaire

User Experience AttrakDiff
Emotion UX-Questionnaire

PANAS
Human-Oriented Percep-
tion

UX-Questionnaire

Feeling of Security UX-Questionnaire
Co-Experience UX-Questionnaire
Embodiment UX-Questionnaire

Societal Impact
Quality of Life, Health,
and Security

In-depth Interview

Working Conditions and
Employment

In-depth Interview

Education In-depth Interview
Cultural Context In-depth Interview

the questionnaires were filled in, the user study was concluded with the in-
depth interview on participant’s imagination about how future society could
look like regarding the integration of robotic technology (the questions guiding
the interview can be found in SubSection 4.4.2).

4.5.4 Results

Insights on the Theoretical Framework This case study could show
that learning by demonstration based on direct contact interaction and speech
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commands is a valuable approach to bring novice users closer to humanoid
robots. All participants, except two, could successfully carry out the teaching
task with the HOAP-3 robot and all participants (except to other ones) were
satisfied with the final repetition of the robot. Furthermore, the study showed
that participants were willing to show the HOAP-3 robot several demos until
the robot is able to repeat the learned motion in a satisfying way. Moreover,
this user study could also reveal insights on the theoretical USUS factors and
indicators, which can be found in the following paragraphs.

Usability: The SUS revealed a score of 65.83 for HOAP-3. This means that
users accept the system. However, in this case study, the SUS addressed
the demonstration of specific motions and interaction via speech com-
mands, which has to be taken into account. This almost neutral per-
ception of the usability of the HOAP-3 robot was also reflected in the
think aloud data. A total of 66 statements (35 negative, 31 positive) on
usability could be extracted and 17 suggestions for improvements.

Effectiveness: Task 1 and 2 were completed 11 out of 12 times. This task
completion rate indicates a high effectiveness of HOAP-3 for these two
tasks.

Efficiency: Task 1 was solved with a task duration mean of 04:43 minutes
(SD : 176.82 sec; range: 01 : 59 − 10 : 45) and task 2 revealed a task
duration mean of 3:38 minutes (SD : 90.14 sec; range: 01 : 38− 06 : 35).
As the ideal task duration time was set-up with 5 minutes for both tasks,
results indicate a rather good efficiency.

User Experience: The general assessment of the user experience of HOAP-3
by means of the AttrakDiff questionnaire revealed that participants ex-
perienced the robot rather positively. The mean values for PQ (mean :
0.8, SD : 0.71), HQI (mean : 0.75, SD : 0.63), HQS (mean : 1.22, SD :
0.91), and ATT (mean : 1.5, SD : 0.75) were all around 1 (scale -3
to +3).The UX-Questionnaire (scale 1 to 7) revealed more detailed in-
sights on the indicators for user experience: emotion (mean : 5.45, SD :
0.74), embodiment (mean : 5.6, SD : 0.85), feeling of security (mean :
5.16, SD : 0.77), human-oriented perception (mean : 4.77, SD : 1.49),
and co-experience (mean : 4.05, SD : 1.4′). The PANAS questionnaire
additionally revealed for the indicator emotion that 3 of the 7 female par-
ticipants (one did not fill in the questionnaire) showed a more positive af-
fect after interacting with HOAP-3 (TP05 = 36, TP07 = 37, TP08 = 35)
than normal average (30.62). The other 3 female participants showed av-
erage values around 30. Regarding male participants, all except 1 stated
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a positive affect (TP03 = 22, TP01 = 25, TP02 = 22, TP10 = 28)
lower than the normative average (32.06). The negative affect was lower
than average for all participants except 1 woman (TP09 = 23; average:
16, 68).

Social Acceptance: The SoAc-Questionnaire (scale 1: absolutely disagree
to 5: absolutely agree) revealed more detailed insights on the indicators
for social acceptance: performance expectancy (mean : 3.34, SD : 0.50),
effort expectancy (mean : 4.35, SD : 0.35), attitude towards using tech-
nology (mean : 3.76, SD : 0.61), self efficacy (mean : 3.67, SD : 0.38), at-
tachment (mean : 4.22, SD : 0.52), forms of grouping (mean : 3.43, SD :
0.62), and feeling of reciprocity (mean : 4.09, SD : 0.39). The results
indicate that the user study communicated to the participants that the
collaboration with humanoid robots would not cost much extra effort. It
also communicated that they could develop an emotional attachment to
the robot and feel like a team with HOAP-3. The NARS questionnaire
revealed a significant decrease for the scale “Negative Attitude toward
Social Influence of Robots” (t(11) = 3.17, p < 0.05). Participants rated
this scale significantly lower after interacting with HOAP-3.

Societal Impact: When discussing the integration of humanoid robots into
the future working life, participants were very positively attuned, men-
tioning that robots will conduct boring, repetitive tasks more precisely.
Similarly, a future society with households robots for cooking, cleaning,
and service robots for elderly care were predicted (indicator: working
condition and employment).

A similar tendency was seen by participants regarding the second ques-
tion, how life will change because of robots. Participants thought of
increasing productivity and the possibility of humans to work in creative
jobs if robots do the repetitive and dangerous tasks. Only some partici-
pants mentioned the concern of an increase of unemployment (indicator:
quality of life, health, and security).

Regarding the third question on the future education system, partici-
pants had very heterogeneous ideas e.g.: (1) no extra education needed
(2) people who have to work with robots will have extra trainings, (3)
all children should learn about dangers and ethics of robots in school
(indicator: education).

In the last question participants agreed that humanoid robots will be
seen very positively in the future, if it was proven first that they will
support the well-being of people. Furthermore, a better introduction for
higher developed countries was predicted (indicator: cultural context).
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Insights on the Methodological Framework From a methodological
view point, this user study proved that the methodological framework applied
to the preliminary HRP-2 user study was also feasible for a completely differ-
ent interaction scenario, namely a learning by demonstration scenario based on
interactive tutelage. Furthermore, this user study showed that the integration
of the SoAc-Questionnaire to address all social acceptance indicators in one
user study was a reasonable approach. None of the participants complained
in the final interview about the study duration. The bigger sample size in
this user study was of high value to identify more usability issues and gain a
more divers response spectrum in the societal impact interview and the “Ret-
rospective Think Aloud”. However,the sample size was again not big enough to
validate the additionally developed SoAc-Questionnaire according to its scales.
It was decided to keep the questionnaire in its current form and validate it by
means of a broader online survey together with the UX-Questionnaire (see
Section 5.3).

A main limitation of this case study was that many of the participants were
overcautious in moving the arm of the robot, as they did not want to break
the robot. Several participants stated that they would have liked to get some
basic technical background information about vision system and the degrees
of freedom of the robot to better understand how to solve the task. It became
obvious that participants did not like if things happened (e.g the robot could
not see the box in front of it), which they cannot explain to themselves. This
could be avoided if the robots capabilities are introduced in educational lessons
beforehand. Thus, it was decided to give participants in the second HOAP-3
user study a short training phase, where they could observe how the robot
processes commands given by the computer interface (see Section 4.6).

4.6 Case Study 5:

Second User Study with HOAP-3

The third laboratory based case study was also conducted with the HOAP-3
robot. However, the main difference was that the interaction with the robot
was remote-controlled via a computer interface, so this scenario provided no
direct contact interaction with the robot. Participants had to conduct two
tasks via the computer interface: (1) move the robot through a maze and
find the exit, and (2) let the robot check all antennas and detect the broken
one. This study is considered the same in relation to the instruments used
and the procedure as the previous one. The only difference was the SUS
questionnaire, which addressed the computer interface instead of the robot.
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Twelve participants took part in this study conducted together with UC3M at
Madrid, Spain, September 2008. The study can also be found in Weiss et al
(2009f). The content based research questions of this study were the following:

1. “How do novice user experience the collaboration with the humanoid
robot HOAP-3 when interacting via remote control?”

2. “How do users perceive the robot and the computer interface in terms of
usability?”

3. “Does the general attitude towards robotics change because of the inter-
action with the robot?”

4. “How do people imagine the future society after interacting with the
robot?”

From the methodological view point of validating the evaluation framework,
the focus was on re-testing the methodological set-up of the previous user study
with HOAP-3. Additionally, the focus was to investigate if the theoretical and
methodological set-up is also reasonable for a remote-controlled HRC scenario.

4.6.1 Study Setting

This user study was based on two tasks which participants had to conduct via
a computer interface with the HOAP-3 robot (see Figure 4.7). A total of 12
participants(6 females, 6 males) took part in this case study. The age range
was from 16 to 26 years with an average of 23.75 years. The first task was
introduced by the following scenario:

“Your space shuttle has been hit by an asteroid and you were forced
to an emergency landing. Your communication and internal ship moni-
toring system does not work, probably due to a damage caused by the
crash. The good news is that you have the necessary material to replace
the broken antenna for your communication system to send for help. As
you are the only human survivor of the ship and the environment could
possibly be dangerous for human beings, you decide to let this danger-
ous work be done by the ship’s robot HOAP-3. At first you have to
navigate HOAP-3 to the exit of the shuttle.”
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Task 1 Help the robot to find its way through the corridor and find the
door to the outside. The task is to move the robot by means of the computer
interface. It is completed if you see the door through the interface and say
“door found”. The interaction with the robot is based on a computer interface,
with which you can control the robot. The second task was introduced by the
following scenario:

“After you have accomplished the first task to get the robot HOAP-
3 out of the shuttle, you now have to help your HOAP-3 to find the
broken antenna. The problem is that your shuttle has several antennas
of different shape and color and you cannot distinguish the defected one
from the others by sight, but HOAP-3 can. Inside the robot there is a
mechanism which enables the robot to detect the malfunctioning parts.”

Task 2 Your task is to control the movements of HOAP-3 again, while it
is processing and checking the different antennas. In this task, you have to
help the robot to recognize the broken antenna. If HOAP-3 has recognized a
malfunctioning device it will put a square around it on the interface. The task
is finished if you recognize the broken antenna through the interface and say
“broken antenna recognized”.

Figure 4.7: Case Study 5: Study Setting

(a) Study Setting: Participant (b) Study Setting: Maze (c) Computer Interface

4.6.2 Instruments

Exactly the same instruments were used as in the previous laboratory case
study with HOAP-3 (see SubSection 4.5.2) However, in this case study par-
ticipants had to fill in the SUS questionnaire with respect to the computer
interface and not to the robot. Table 4.5 gives an overview of which methods
were used to assess which indicator in this case study.
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Table 4.5: Method Mix: Case Study 5
Factor Addressed Indicator Used Method
Usability SUS Questionnaire

Retrospective Think Aloud
Effectiveness Task Completion
Efficiency Task Duration

Social Acceptance
Attitude toward Using
Technology

NARS

SoAc-Questionnaire
Performance Expectancy SoAc-Questionnaire
Effort Expectancy SoAc-Questionnaire
Self Efficacy SoAc-Questionnaire
Forms of Grouping SoAc-Questionnaire
Attachment SoAc-Questionnaire
Reciprocity SoAc-Questionnaire

User Experience AttrakDiff
Emotion UX-Questionnaire

PANAS
Human-Oriented Percep-
tion

UX-Questionnaire

Feeling of Security UX-Questionnaire
Co-Experience UX-Questionnaire
Embodiment UX-Questionnaire

Societal Impact
Quality of Life, Health,
and Security

In-depth Interview

Working Conditions and
Employment

In-depth Interview

Education In-depth Interview
Cultural Context In-depth Interview

4.6.3 Procedure

The user study started with the NARS questionnaire, which had to be filled
in by the participants before they saw the robot. Then participants got to
know the HOAP-3 robot, the movements it is capable of, as well as vision and
navigation through the interface in a learning phase. Afterwards, the two tasks
were performed by the means of a computer interface which enabled partici-
pants to see through the eyes of HOAP-3 and control its movements. After the
tasks, participants were asked to fill in the standardized questionnaires in the
same order than in the previously described case study (see SubSection 4.5.3).
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This case study closed with a final interview on the societal impact indicators
(the questions guiding the interview can be found in SubSection 4.4.2).

4.6.4 Results

Insights on the Theoretical Framework This case study could show
that the participants perceived the interaction with the HOAP-3 robot via the
computer interface as very professional, intuitive, and easy to handle. The
participants considered “seeing through the eyes of the robot” as close cooper-
ation. The main advantage of this human-robot interaction scenario was that
it gave insights on both, the computer interface and the HOAP-3 robot.

Usability: The usability evaluation in this study mainly addressed the com-
puter interface with which the participants had to control HOAP-3. The
SUS revealed a score of 83.13 for the computer interface with which
participants controlled HOAP-3. This means that users liked the inter-
face for controlling the robot. This positive perception of the usability
of the interaction with HOAP-3 robot via the computer interface was
also reflected in the think aloud data. A total of 18 positive statements
and 14 negative statements on usability could be extracted. Participants
also gave 21 suggestions for improvements which mainly concerned ad-
ditional functionalities for the computer interface, like including a map,
360 degrees of vision, including acoustic feedback etc.

Effectiveness: Task 1 was completed by 10 out of 12 participants (83.33%)
and was rated with an avarage difficult level of 3 by the participants (on
a scale from 1 = very easy to 5 = very difficult). The task completion
rate indicates a good effectiveness of the computer intreface for solving
this task with HOAP-3. Task 2 was also successfully carried out by all
12 participants and rated with an avarage difficulty of 1.58.

Efficiency: Task 1 was solved with a task duration mean of 07 : 12 minutes
(SD : 142.64 sec; range: 04 : 41 − 11 : 07) and task 2 revealed a task
duration mean of 0 : 55 minutes (SD : 51.41 sec; range: 0 : 17− 3 : 02).
As the ideal task duration time was set-up with 7 minutes for task 1 and
50 seconds for task 2. Results indicate an average efficiency.

User Experience: The general assessment of the user experience of HOAP-
3 (seeing through the eyes of HOAP-3 and controlling it via the com-
puter interface) by means of the AttrakDiff questionnaire revealed that
participants experienced the robot positively. The mean values for PQ
(mean : 1.03, SD : 0.65), HQI (mean : 1.38, SD : 0.55), HQS (mean :
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1.29, SD : 0.91), and ATT (mean : 2.13, SD : 0.76) were all above 1
(scale -3: negative word pole to +3: positive word pole). Attractive-
ness was rated best and the pragmatic quality lowest, indicating that
shortcomings of the computer interface did not negatively influence the
experience of seeing through the eyes of HOAP-3.

The UX-Questionnaire (scale 1: absolutely disagree to 7: absolutely
agree) revealed more detailed insights on the indicators for user experi-
ence: emotion (mean : 5.68, SD : 0.73), embodiment (mean : 6.29, SD :
0.71), feeling of security (mean : 4.51, SD : 0.69), human-oriented per-
ception (mean : 5.40, SD : 0.83), and co-experience (mean : 4.08, SD :
0.97). Together with the results from the previous case study, it can be
estimated that the embodiment of HOAP-3 is a primary relevant indica-
tor for a positive user experience.

The PANAS questionnaire additionally revealed for the indicator emo-
tion that three of the six female participants had a considerably more
positive affect after interacting with HOAP-3 (TP10 = 38, TP11 =
42, TP12 = 42) than normalaverage(30.62). The other three female par-
ticipants showed average values around 30. Regarding male participants
four stated a positive affect (TP3 = 36, TP4 = 40, TP5 = 44, TP6 = 45)
higher than the normative average (32.06). The negative affect was lower
than average for all male (15.2) and female (16.68) participants except
two (TP12 = 27, TP6 = 21). These results indicate that HOAP-3 raises
a positive affect.

Social Acceptance: The SoAc-Questionnaire (scale 1: absolutely disagree
to 5: absolutely agree) revealed more detailed insights on the indicators
for social acceptance: performance expectancy (mean : 4.01, SD : 0.50),
effort expectancy (mean : 4.08, SD : 0.65), attitude towards using tech-
nology (mean : 4.31, SD : 0.41), self efficacy (mean : 3.66, SD : 0.37), at-
tachment (mean : 3.31, SD : 0.52), forms of grouping (mean : 3.62, SD :
0.48), and feeling of reciprocity (mean : 3.15, SD : 0.80). The results
indicate that the user study communicated to the participants that the
collaboration with humanoid robots would not cost much extra effort.
It also communicated that they could develop an emotional attachment
to the robot and feel like a team with HOAP-3. Regarding attitude to-
wards using technology, the NARS questionnaire revealed a decrease for
all three scales, but only statistical significant for the scale “Negative
Attitude toward Emotions in Interaction with Robots”(t(11) = 2.25, p <
0.05). Participants rated this scale significantly lower after interacting
with HOAP-3.
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Societal Impact: When discussing the integration of humanoid robots into
the future working life, participants thought of robots working at con-
struction site or in dangerous and risky situations (space, ocean). Also,
trivial tasks were suggested for robots like cooking, cleaning, and ser-
vice robots. One participants also mentioned that robots could assist in
medical settings (indicator: working condition and employment).

Regarding the second question, how life will change because of robots,
75% of the participants answered work will be safer and more precise.
Participants thought work will be faster and the performance will be
increased with robots. However, they also mentioned the fear of loosing
their jobs. To minimize this risk, a suggested solution was to have human
supervisors for the robots, aswell as having more humans work in the
office in the future (indicator: quality of life, health, and security).

Regarding the third question on the future education system, partici-
pants agreed that young people will more easily learn how to interact
with robots and thus they should be trained as soon as possible. Some
participants thought of having “robotics” as a school subject. Specific
expert knowledge on robotics could be taught at universities and trained
at work places. One participant cautioned against using robots as teach-
ers as “we do not have enough knowledge if robots are qualified teachers”
(indicator: education).

The last question was answered very heterogeneously. Participants stated
that robots will be accepted if they make everyday life easier, but that
Hollywood movies deliver a negative picture of robots, meaning that
marketing will be necessary to push robotic usage (indicator: cultural
context).

Insights on the Methodological Framework From a methodological
view point, this case study showed that the evaluation framework can also
be reasonably used for HRI studies without direct contact interaction. Inter-
estingly, the fact of seeing through the robot’s eyes was experienced as close
collaboration. Even though participants saw the robot only in the learning
phase, its embodiment was rated highly positive, indicating that user experi-
ence factors can also be addressed in this kind of setting. Also, the usability
results show that the usability indicators can be addressed with the same in-
struments by targeting the computer interface and not the robot itself. How-
ever, one has to be aware that the usability issues mentioned in this case study
were related to the computer interface as interaction medium. For instance
participants had problems controlling the robot through the maze because of
the lack of the missing feedback provided by the interface. The participants
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generally liked that the interface provided little functionalities, but neverthe-
less allowed to solve the tasks in an individual and flexible way. This was a
major advantage of this study setting.

A main limitation of this user study was the realization of the interaction
scenario. Several participants complained that the interaction scenarios and
the tasks were not realistic enough, as it was a space scenario and the envi-
ronment did not simulate it enough. Similarly, the “antenna”, which had to
be found in the second task, was represented by a ball, which confused some
participants. Furthermore, some participants complained that the second task
was too easy and that they only needed two clicks to solve it. The lesson
learned for the HRC HRP-2 scenario (see Section 4.8) was that the environ-
ment and the objects in the scenario should match with the real world. An
additional methodological lesson learned was that if a time line interaction
analysis is needed, (click at the interface, movement of the robot) an anal-
ysis tool is needed that allows to synchronize and annotate two videos from
different perspectives in parallel. Thus, for the HRC HRP-2 scenario (see Sec-
tion 4.8), the analysis tool ELAN was used to allow a time line analysis of the
video and heart rate data.

4.7 Case Study 6:

Mixed-Reality Simulation of HRC

This case study was carried out as a preliminary Wizard of Oz user study based
on a mixed-reality simulation. The simulation was based on a 3D model of
the HRP-2 robot and implemented with the Crysis game engine (more details
on the technical implementation can be found in Weiss et al (2009b)). The
human-robot collaboration was based on the task of carrying and mounting
an object together, whereas the object (a board) existed in the virtual as well
as in the real world and built the contact point for interaction.

To evaluate the user study exactly the same instruments were used as for
the two user studies with the HOAP-3 robot (see SubSection 4.5.2; SubSec-
tion 4.6.2). As the content-related research question was “How do differently
simulated feedback modalities influence the human-robot collaboration”four
different experimental conditions.

The four experimental conditions were: Con0, interaction without feed-
back, Con1, interaction with visual feedback (blinking light showing that the
robot understood the command), Con2, interaction with haptic feedback, and
Con3: interaction with visual and haptic feedback in combination were tested
with 24 participating subjects (counterbalanced in age and gender). The study
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can also be found in Altmaninger (2008), Weiss et al (2009g), and Weiss et al
(2009b). From the methodological view point, the question asked if the pro-
posed theoretical and methodological framework is also suitable for user stud-
ies, which are not based on the interaction with an actual humanoid robot,
but completely simulated. Furthermore, the interest laid in getting insights
on methodological challenges for the final integrated scenario of human-robot
collaboration (see Section 4.8). The study was conducted in Salzburg in the
TV-studio of the University of Applied Sciences in August 2008.

4.7.1 Study Setting

This user study was based on one task which had to be conducted with the
simulated robot via a mobile board as “input modality” (see Figure 4.8). The
task was introduced by the following scenario:

“Imagine you are working at construction area and get the task from
your principal constructor to mount a gypsum plaster board together
with a humanoid robot. You can control the robot with predefined voice
commands, to carry out the following action sequences”

Task Lift, move, and mount a gypsum plaster board together with a hu-
manoid robot. This task consists of the following action sequences:

1. Start the interaction by calling the robot

2. Lift the board together with the robot.

3. Move the board together with the robot to the right spot.

4. Tilt the board forward to the column together with the robot.

5. Tell the robot to screw the board.

4.7.2 Instruments

Exactly the same instruments were used as in the laboratory case studies
with HOAP-3 (see SubSection 4.5.2 and SubSection 4.6.2). Table 4.6 gives an
overview of which methods were used to assess which indicator in this case
study.
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(d) Study Setting: Participant (e) Study Setting: Implementation

Figure 4.8: Case Study 6: Study Setting

4.7.3 Procedure

The user study started with the NARS questionnaire, which had to be filled in
by the participants before they saw the robot. Participants then conducted the
task with the robot. After the task, they were interviewed on their thoughts
and feelings during the interaction with the robot, on suggestions for improve-
ments to make future interaction easier, and they had to rate the difficulty
of the task. Then participants were asked to fill in the standardized ques-
tionnaires in the following oder: (1) PANAS, (2) SUS, (3) AttrakDiff, (4)
UX-Questionnaire, (5) SoAc-Questionnaire, and (6) NARS (second round).

4.7.4 Results

Insights on the Theoretical Framework This case study showed that
different feedback modalities influence usability, user experience, and social
acceptance indicators. It gave valuable insights, how the visibility of system
status impacts the participants performance with the robot. It is noteworthy
that after the study, participants of all experimental conditions stated that the
prototype offered enough details, to reasonably fill in the questionnaires and
answer the interview questions.

Usability: The usability evaluation in this study mainly addressed the differ-
ences regarding the four feedback conditions. The SUS revealed a score
of 74.90 for the simulation, in general. With respect to the conditions,
has the SUS the following values: Con0 : 66.25; Con1 : 71.25; Con2 :
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Table 4.6: Method Mix: Case Study 6
Factor Addressed Indicator Used Method
Usability SUS Questionnaire

Retrospective Think Aloud
Effectiveness Task Completion
Efficiency Task Duration

Social Acceptance
Attitude toward Using
Technology

NARS

SoAc-Questionnaire
Performance Expectancy SoAc-Questionnaire
Effort Expectancy SoAc-Questionnaire
Self Efficacy SoAc-Questionnaire
Forms of Grouping SoAc-Questionnaire
Attachment SoAc-Questionnaire
Reciprocity SoAc-Questionnaire

User Experience AttrakDiff
Emotion UX-Questionnaire

PANAS
Human-Oriented Percep-
tion

UX-Questionnaire

Feeling of Security UX-Questionnaire
Co-Experience UX-Questionnaire
Embodiment UX-Questionnaire

Societal Impact
Quality of Life, Health,
and Security

In-depth Interview

Working Conditions and
Employment

In-depth Interview

Education In-depth Interview
Cultural Context In-depth Interview

83.93, Con3 : 79.17. These values indicate that the second condition was
experienced best by the participants in terms of usability, which is inter-
esting, as this indicates that haptic feedback is perceived as most usable
and no more improved by visual feedback. However, the differences were
not statistically significant (F (3, 20) = 2.30, p > 0.05).

Effectiveness: Of 24 participants, 11 carried out the task successfully accord-
ing to the ideal way of solution. The task was completed successfully by
10 participants, but with errors during single action sequences. Only
2 participants needed a hint on how to complete the task and only 1
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participant aborted the task. The task completion rate indicates a good
effectiveness of the mixed-reality simulation, in general. The number of
errors ranged from 0 to 9, but no difference with respect to the feedback
modalities could be identified (F (3, 19) = 0.63, p > 0.05).

Efficiency: The single task could be carried out by the participants in a task
duration mean of 02 : 14 minutes (SD : 62.86 sec; range: 01 : 05 − 05 :
20). As the ideal task duration time was defined with 2 minutes for the
task, an average efficiency is indicated. No statistically significant differ-
ences could be found for the task duration with respect to the feedback
modalities (F (3, 20) = 0.72, p > 0.05).

User Experience: The general assessment of the user experience of the mixed-
reality simulation, by means of the AttrakDiff questionnaire, revealed
that participants experienced the construction site scenario positive. The
mean values for PQ (mean : 0.85, SD : 0.92), HQI (mean : 0.60, SD :
0.88), HQS (mean : 1.13, SD : 1.09), and ATT (mean : 0.71, SD : 0.99)
were all around 1 (scale -3: negative word pole to +3: positive word
pole). Hedonic quality stimulation was rated best, indicating that the
interaction with the mixed-reality encouraged the participants.

Significant differences could be revealed for the HQ-S scale (F (3, 20) =
3.20, p < 0.05) and the ATT scale (F (3, 20) = 3.43, p < 0.01). A post-
hoc test (LSD) showed that Con3 (interaction with visual and haptic
feedback in combination) was perceived significantly better in the hedo-
nic quality of stimulation than all other conditions. Furthermore, the
attractiveness was significantly better rated in Con3 than in Con0 (in-
teraction without feedback) and Con1 (interaction with visual feedback).

The UX-Questionnaire (scale 1: absolutely disagree to 7: absolutely
agree) revealed more detailed insights on the indicators for user experi-
ence: emotion (mean : 5.03, SD : 0.62), embodiment (mean : 4.29, SD :
0.91), feeling of security (mean : 4.72, SD : 0.93), human-oriented per-
ception (mean : 3.77, SD : 1.16), and co-experience (mean : 3.08, SD :
1.43). The results indicate that the mixed-reality simulation, in general,
caused a positive experience, above all in terms of emotions and feeling of
security (clearly this indicator was positively influenced by the fact that
the robot was not physically embodied). Significant differences could be
revealed only for the indicator embodiment (F (3, 19) = 3.35, p < 0.05).
A post-hoc test (LSD) showed that Con0 (interaction without feedback)
was perceived significantly better in terms of embodiment than in Con1
(interaction with visual feedback). This indicates that the blinking yellow
light on the robot’s body negatively influenced its general embodiment.
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The PANAS questionnaire additionally revealed for the indicator emo-
tion that all participants except three male (TP04 = 33, TP11 = 33,
TP16 = 33) and four female participants (TP15 = 37, TP19 = 31,
TP21 = 33, TP23 = 36) had a lower positive affect than normative av-
erage (male: 32.06, female: 30.62), after the interaction with the mixed-
reality scenario. However, none of the participants stated a worse nega-
tive affect after the interaction. These results indicate that the mixed-
reality scenario caused a neutral affect.

Social Acceptance: The SoAc-Questionnaire (scale 1: absolutely disagree
to 5: absolutely agree) revealed more detailed insights on the indicators
for social acceptance: performance expectancy (mean : 3.55, SD : 0.85),
effort expectancy (mean : 3.75, SD : 0.64), attitude towards using tech-
nology (mean : 3.70, SD : 0.83), self efficacy (mean : 3.60, SD : 0.78), at-
tachment (mean : 2.21, SD : 0.92), forms of grouping (mean : 3.10, SD :
0.91), and feeling of reciprocity (mean : 2.92, SD : 0.98). The re-
sults indicate that a mixed-reality set-up is feasible to investigate gen-
eral questions on the social acceptability of humanoid robots. More-
over, an ANOVA revealed that the four different experimental condi-
tions influenced the results of three indicators: performance expectancy
(F (3, 20) = 5.84, p < 0.05), forms of grouping (F (3, 20)6.26, p < 0.05),
and attitude towards technology (F (3, 20) = 6.10, p < 0.05). A post-
hoc test (LSD) showed that in Con1 (interaction with visible feedback)
performance expectancy was rated significantly lower than in all other
conditions. Forms of grouping was also rated significantly lower in Con1
compared to all other conditions. The same effect could be observed
for the indicator attitude towards technology. The NARS questionnaire
did not reveal any significant changes due to the interaction with the
mixed-reality scenario in any of the three attitude scales.

Societal Impact: Participants mentioned numerous positive effects robots
could have on the future quality of life, if they are integrated into the
working life, e.g less physical harms, higher efficiency and productivity,
and fewer mistakes in routine tasks. However, negative effects were dis-
cussed such as: higher unemployment rates, less companionship at work
and ecological aspects like high energy consumption (indicator: quality
of life, health and security).

Participants mainly imagined 3D works (dull, dirty, dangerous) for hu-
manoid robots in the future. Other areas mentioned where robots could
be integrated were elderly care, surgery, and assistance (e.g for handi-
capped people). Above all, robots were assumed to take over monotonous
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tasks. Humanoid robots were estimated as more trustful than other
working technology. It is worth to mention that one participant had no
idea at all how a robot like HRP-2 could be integrated in the future
working life (indicator: working condition and employment).

Regarding education, participants assumed that a higher technology
knowledge will be relevant in the future regardless to human-robot co-
working. However, they mentioned that children will learn the handling
of robots easily; therefore, teaching technology at school becomes more
prominent. In a work setting, technology usage should be taught, ac-
cording to the participants. Only one participant mentioned that it is
too early to think about an education system change because of robots
(indicator: education).

Participants stated that robotic usage will be supported by mass media in
future and that it will be the task of mass media to define and distribute a
positive image of robots. Furthermore, participants thought that robots
will be accepted when robots are used as sophisticated tool and not if
they replace human workforce. Also science and politics were mentioned
as important influence factors for the integration of robots in the future
society (indicator: cultural context).

Insights on the Methodological Framework From a methodological
view point, it could be shown that a mixed-reality prototype Wizard of Oz
user study can be reasonably assessed with the USUS evaluation framework.
A mixed-reality prototype gave the participants the feeling of really interact-
ing with a robot and thus allowed the assessment of the interaction by means
of the UX- and SoAc-Questionnaire. Furthermore, the study setting offered
a good discussion basis for the societal impact interviews. It should be men-
tioned that the development of this study setting was cost and time intensive
compared to other prototyping methods.

Several issues were identified as crucial in order to successfully evaluate
a mixed-reality a Wizard-of-Oz user study by means of the USUS evaluation
framework. The mixed-reality prototype must be of a high fidelity and allow a
high degree of realism for a meaningful evaluation study. One has to be aware
that the findings might not be generalizable/identical for the final robot, but
they allow to argue for one of the interaction techniques in the further design
of the interaction scenario (if the goal is to improve user experience). From
the technical perspective it was found that participants wearing glasses had
problems to focus on details in the projections. A projector with 1600 x 1200
pixel and a light intensity of 3000 ANSI lumen could probably solve this issue.

For the HRC scenario with the HRP-2 robot (see SubSection 4.8.1), the
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mixed-reality prototype study furthermore informed the study setting in three
aspects: First, one feedback cue should only consist of one information layer
(e.g. a blinking light should not indicate: correct command processed, but
only command processed, independently if it is correct or incorrect). Second,
the amount of verbal commands the participants can use during the interac-
tion with the robot should not exceed three. Third, the users should be offered
support of the an experimenter next to them during the interaction to encour-
age the user to continue and not immediately abort if the first trial does not
succeed.

4.8 Case Study 7:

Second User Study with HRP-2

This case study was the final laboratory-based user study conducted in the
framework of the EU-funded FP6 project “Robot@cwe: Advanced robotic
systems in future collaborative working environments”. Similar as the previ-
ousley described case study on the simulation of HRP-2 (seeSection 4.7), the
task in this case study was to carry an object together with the robot, but
the focus was to (1) investigate differences in the human-robot collaboration,
when the robot was tele-operated or autonomous and (2) cultural differences
in perception between Western and Asian participants. To evaluate the user
study, exactly the same instruments were used as for the two user studies with
the HOAP-3 robot ((see SubSection 4.5.2 and SubSection 4.6.2). Additionally,
Heart Rate Variability (HRV) was introduced as physiological measurement.
The content-related research questions were “How does the participant ex-
perience the relationship towards (1) the autonomous HRP-2 robot, (2) the
tele-operated HRP-2 robot?” and “Is there a difference in terms of perception
of usability, user experience, and social acceptance if the participants have (1)
Asian nationality, (2) Western nationality?”. From the methodological view
point, this final study should prove that all factors and indicators can be ad-
dressed in one user study, by means of a broad method mix. A total of 12
participants (6 Asian, 6 Western) took part in this final case study, which was
conducted together with CNRS/AIST at Tsukuba University, Japan and the
Technical University Munich, Germany in October 2009. The study can also
be found in Weiss et al (2009g).

4.8.1 Study Setting

This final case study was based on direct human-robot interaction, where the
HRP-2 robot acted partly autonomously and partly remote controlled by an
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human operator located in Germany (OG). Participants (acting as the human
operator in Japan, OJ) had to lift, carry, and put down a table collaboratively
with the HRP-2 robot. During lifting and putting down the table, HRP-2 was
tele-operated. During carrying the table, HRP-2 was walking autonomously.
The study was based on the following scenario:

“Imagine you are working at a construction site and you receive
a task from your principal constructor: carrying an object from one
place to another together with a humanoid robot which is partly acting
autonomously and partly operated by a human expert operator. The
principal instructor tells you the task via a computer interface.”

Task The task is to carry a table from Place A to Place B together with the
humanoid robot HRP-2. This task is split into 4 action sequences:

• Action Sequence 0: The robot is sent to the table by the principal in-
structor

• Action Sequence 1: Lift the table together with HRP-2

• Action Sequence 2: Walk together with HRP-2 from Place A to Place B

• Action Sequence 3: Put down the table together with HRP-2

The interaction between the human and the robot took place in three se-
quences 1-3 (see Figure 4.9). Sequence 0 does not require any interaction
between the human and the robot.

(a) Action Sequence 1 (b) Action Sequence 2 (c) Action Sequence 3

Figure 4.9: Case Study 7: Study Setting
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4.8.2 Instruments

Exactly the same instruments were used as in the laboratory case studies with
HOAP-3 (see SubSection 4.5.2 and SubSection 4.6.2). Additionally, HRV was
introduced as physiological measurement to get more insights about the factor
emotional attachment.

Heart Rate Variability To gain more objective insights on the “emotional
state” of the user during the interaction (not only insights on the affective state
after the interaction by means of self reporting measures, see SubSection 3.7.3),
the heart rate of the user (OJ) and the human operator (OG) was measured.
Based on this data, an arousal feature was calculated based on HRV as a
continuous metric (sympatho-vagal balance ratio) and synchronized it with the
video data (see Figure 4.10). Table 4.7 gives an overview of which methods
were used to assess which indicator in this case study.

Figure 4.10: Case Study 7: HRV Data Analysis

4.8.3 Procedure

The final case study was conducted in the following manner: First, the test
leader welcomed the participant. The participant (OJ) then received the “Su-
unto Memory Belt” (to record the heart rate) and was asked to put it on. At
the same time, the human operator in Munich (OG) also put on such a belt.
Next, the goals of the study as well as the test procedure were explained. After
signing the video permission, collecting demographic data of the participant,
and filling in the NARS questionnaire on the participant’s general attitude
towards robots, the participant was brought to the robot.
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Table 4.7: Method Mix: Case Study 7
Factor Addressed Indicator Used Method
Usability SUS Questionnaire

Retrospective Think Aloud
Effectiveness Task Completion
Efficiency Task Duration

Social Acceptance
Attitude toward Using
Technology

NARS

SoAc-Questionnaire
Performance Expectancy SoAc-Questionnaire
Effort Expectancy SoAc-Questionnaire
Self Efficacy SoAc-Questionnaire
Forms of Grouping SoAc-Questionnaire
Attachment SoAc-Questionnaire
Reciprocity SoAc-Questionnaire

User Experience AttrakDiff
Emotion UX-Questionnaire

PANAS
Heart Rate Variability

Human-Oriented Percep-
tion

UX-Questionnaire

Feeling of Security UX-Questionnaire
Co-Experience UX-Questionnaire
Embodiment UX-Questionnaire

Societal Impact
Quality of Life, Health,
and Security

In-depth Interview

Working Conditions and
Employment

In-depth Interview

Education In-depth Interview
Cultural Context In-depth Interview

The participants then completed the tasks with the robot, and were inter-
viewed regarding their thoughts and feelings during the interaction with the
robot and their opinion towards the robot, depending if it acted autonomously
or remote controlled. After the task conduction (all four sequences completed),
both the participant (OJ) and the tele-operator (OG) put off the HRV belt.
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The participants in Japan were asked to fill in the questionnaires handed
out in the following order: PANAS, SUS, AttrakDiff, UX-Questionnaire, SoAc-
Questionnaire, NARS (second round). Finally, the participants were inter-
viewed regarding societal impact of robots in future societies.

4.8.4 Results

Insights on the Theoretical Framework This case study showed the high
value of the theoretical guidance of the USUS evaluation framework as the
research questions on differences in experience and acceptance due to cultural
background were derived from it. During this case study it became obvious
that Asian and Western participants have different problem solving strategies:
Asian participants were very focused on the explanations of the researcher and
tried to successfully carry out the task together with the robot at the first
trial. Therefore they asked to repeat the instruction several times and tried to
memorize them. Furthermore, Asian participants were more willing to adapt
their behavior to the robot (e.g. walking speed) than Western participants.
Western participants in comparison interacted more on a trial and error base
with the robot and thus needed more trials. Often they also asked the research
during the study to tell them the next step they have to perform.

Usability: The SUS questionnaire revealed a cumulative score of 47.08 for the
HRP-2 robot. In general, this result indicates that users do not like the
autonomous HRP-2 robot in terms of usability. In other words, partici-
pants perceived the interaction capabilities of the autonomous HRP-2 as
improvable. This perception could also be found in the “Retrospective
Think Aloud” data, as 14 positive and 25 negative statements concerning
the scenario were identified. Furthermore, 9 suggestions for improvement
of the scenario were given.

Effectiveness: Of 12 participants, 11 carried out the task successfully to-
gether with the HRP-2 robot. Only the trial with one participant needed
to be aborted, as the interaction style of the participant was safety crit-
ical for the robot. The strong pull of the participant during sequence
2 could have broken the arm joint of the robot. The task comple-
tion rate indicates a high effectiveness of human-robot interaction sce-
nario in general. The overall task difficulty was rated rather low by
the participants (mean : 2.50, SD : 0.29), however, Western partici-
pants rated the task significantly more difficult than Asian participants
(t(10) = 3.06, p < 0.05).
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Efficiency: To assess the efficiency of the interaction with the HRP-2, the
number of attempts and their duration in seconds was recorded for the
action sequences 1 to 3 (as in action sequence 0 no interaction between
the user and the robot happened). Action sequence 1 was furthermore
split into sequence 1: human operator grasp table and sequence 1.1 hu-
man operator and user lift table. Table 4.8 gives an overview of the
results for each participant. Regarding count and duration, significant
differences could be revealed between Western and Asian participants.
Western participants needed significantly more trials and subsequently
equaled significantly higher task durations than Asian participants in se-
quence 1 (t(10) = 3.35, p < 0.05 and t(10) = 3.33, p < 0.05), sequence
1.1 (t(10) = 4.02, p < 0.05 and t(10) = 2.86, p < 0.05), and sequence 2
(t(10) = 2.45, p < 0.05 and t(10) = 2.84, p < 0.05).

Table 4.8: Case Study 7: Task Efficiency
Sequence 1 Sequence 1.1 Sequence 2 Sequence 3
count dur in sec count dur in sec count dur in sec count dur in sec
3 175,186,181 3 12,24,23 2 18,252 1 26
3 180,269,198 3 24,23,24 3 28,11,168 1 50
5 348,229,194,66,190 4 26,26,25,25 4 10,81,56,141,51 1 113
1 229 1 25 1 105 1 55
2 246,190 2 27,23 2 10,105 1 63
1 175 1 26 1 155 1 65
5 55,224,197,185,17 3 26,24,24 3 102,83,77
2 274,177 2 24,24 2 10,200 1 61
2 197,204 2 26,27 2 16,293 1 52
2 193,186 2 13,23 1 295 1 71
1 196 1 22 1 142 1 55
1 194 1 25 1 121 1 64

User Experience: According to the AttrakDiff questionnaire, participants
perceived the general user experience of the HRP-2 robot rather positive
(scale -3: negative word pole to +3: positive word pole). HQS was rated
best (mean : 1.20, SD : 0.74), which means that the participants were
encouraged to interact with the HRP-2 robot. ATT (mean : 1.18, SD :
0.93) and HQI (mean : 0.79, SD : 0.80) were also rated positive, meaning
that the participants perceived the robot as attractive and identified with
it. The pragmatic quality (PQ) was rated lowest (mean : 0.07, SD :
0.93), meaning that the usability of the HRP-2 robot was experienced
as rather neutral (neither very positive nor very negative), which goes in
line with the results of the SUS questionnaire.

The UX-Questionnaire gave more detailed insights for the indicators of
user experience (scale 1: absolutely disagree to 7: absolutely agree).
Participants experienced the embodiment of the robot most positively
(mean : 4.22, SD : 2.03) followed by emotion (mean : 4.21, SD : 1.79)
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and feeling of security (mean : 4.20, SD : 1.23). The indicators rated
lowest are co-experience (mean : 3.88, SD : 1.23) and human-oriented
perception (mean : 4.04, SD : 1.62). Significant differences were found
between Western and Asian participants, as Western participants rated
the indicator emotion significantly higher than Asians (t(7.67) = 2.53, p <
0.05).

The PANAS questionnaire, additionally, revealed for the indicator emo-
tion that only two of the six female participants had a more positive affect
after interacting with HRP-2 (TP01 = 41, TP5 = 34) than normal av-
erage (30.62) The other female participants showed average values lower
than 30. Regarding the male participants all except one stated a positive
affect (TP04 = 36, TP07 = 44, TP08 = 42, TP10 = 36, TP11 = 35)
higher than the normative average (32.06). The negative affect was
rated higher than normative average (15.20) by three male participants
(TP04 = 16, TP07 = 17, TP11 = 23) and one female participant (TP =
20, average: 16, 68). Total, the male participants were more positively
affected by the interaction with HRP-2 than the female participants.
Female participants were less negatively affected than the male partici-
pants. The interaction with HRP-2 resulted in very little negative affect
for the female participants.

Regarding the HRV, peaks on the user side are mostly highest during
action sequence 2, second highest in action sequence 1 as soon as the user
is involved in the lifting (the arousal increases during the user watches the
robot while grasping the table). On the human operator side, the highest
peaks could be observed during action sequence 1 when the operator had
to grasp the table. Also a high, but mostly constant level of arousal
could be observed on the operator side during the collaborative walking
in action sequence 2.

Social Acceptance: The SoAc-Questionnaire (scale 1: absolutely disagree
to 5: absolutely agree) revealed more detailed insights on the indica-
tors of social acceptance. The indicator attitude towards technology
(mean : 3.99, SD : 0.37) is rated highest, followed by the indicators fa-
cilitating conditions (mean : 3.71, SD : 0.34), effort expectancy (mean :
3.70, SD : 0.59) and forms of grouping (mean : 3.64, SD : 0.52). The
indicator feeling of reciprocity was rated lowest (mean : 3.18, SD : 0.59),
followed by attachment (mean : 3.23, SD : 0.69), self efficacy (mean :
3.40, SD : 0.60), and performance expectancy (mean : 3.41, SD : 0.66).
The analysis of the NARS questionnaire revealed a decrease in all three
scales through the interaction with the HRP-2 robot. However, only the
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scale “Negative Attitude toward Social Influence of Robots” decreased
significantly (t(11) = 2.88, p < 0.05).

Societal Impact: Regarding the question how to integrate robots into the
future working life, most of the participants again mentioned repetitive,
boring, and exhausting tasks as well as dangerous and risky jobs. As
working areas for robots mainly the household (cleaning tasks) and care
settings (children, perts, elderly). However, robots were also mentioned
as workers in factories, where they can work 24/7 and lift heavy objects.
The areas where human labor will still be needed in future mentioned by
the participants are creative and complex work. However, the integra-
tion of robots into working life will increase productivity, efficiency and
safety according to the participants (indicator: quality of life, health and
security).

When discussing possible changes in life due to the integration of robots
into a construction area, most participants mentioned safety aspects like
lower accident rates, working under extreme conditions etc. In other
words, a higher level of safety at the workplace was seen as the major ef-
fect of robots which are integrated into a construction area. Additionally,
the increase of productivity, effectiveness and efficiency was mentioned
again. A decrease of costs was mentioned (as robots need no wage) and
that life will be more convenient due to robots. However, risks were also
mentioned by the participants, like e.g. that a human could be hurt dur-
ing the collaboration with a robot and that unemployment will increase.
A main factor, only mentioned by Asian participants, was that work-
ing tasks will shift from humans to robots and that robots will need to
understand humans’ feelings in order to take care of human co-workers
(indicator: working condition and employment).

Regarding the question if changes in the future education system are
necessary, most of the participants affirmed this question. Most partic-
ipants mentioned that it will be necessary to learn how to control and
use robots. Therefore, different education measures will be required in
school (robotic lessons in primary school) as well as at work (training
courses). Mainly Western participants stated that it will not be nec-
essary to teach children how to use robots as they will grow up with
them regardless. Asian participants claimed that the goal should be to
have intuitive robots where no collaboration training is needed at all.
Some participants pointed out that rules (ethics) regarding how to inter-
act with robots or robot usage conventions are necessary for the future
(indicator: education).
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When discussing the question with participants how society could sup-
port the usage of robots, Western people argued that there is already
preparation through media and literature, but that they also assume so-
ciety will rarely support robots. According to one Japanese participant,
developed countries like Japan are early adopters of robots, whereas cen-
tral Asia and Africa will adopt robots later. Furthermore, Western and
Asian participants mentioned that a clear distinction between a human
and a robot will be important and that guidelines on how to use robots
and changes in law are necessary in a future robotic society. The fact
that people will not easily accept robots in society is also mentioned
often by Western participants. Japanese participants mainly suggested
advertising the benefits of robots in order to increase people’s accep-
tance, as helpful robots doing dangerous tasks or supporting disabled
people are accepted more easily. According to Western participants, the
costs of a robot, especially the cost-benefit proportion, will influence the
acquisition of robots (indicator: cultural context).

Insights on the Methodological Framework From a methodological
view point, it could be shown that even with a small sample size interest-
ing aspects regarding in human-robot interaction between Asian and Western
participants could be observed. Furthermore, HRV could prove its feasibility
to gain more insights about the arousal of the user during the interaction with
the robot. This information could be used in future as direct input for the
robot to inform the interaction, e.g. if the arousal reaches a specific indicator
value the robot stops approaching the human. Also the comparison of the user
experience and social acceptance in the interaction depending if the user was
interacting with the autonomous system or the human operator gave valuable
insights in the “Retrospective Think Aloud” data and influenced the data of
the societal impact interviews.

4.9 Case Study 8 and 9:

The ACE Field Trials

Two field trials were also evaluated in the framework of the FP6 EU-Project
“Robot@cwe: Advanced robotic systems in future collaborative working en-
vironments”. These field trials were conducted with the mobile path finding
robot Autonomous City Explorer (ACE). In both field trials only the indica-
tors of the social acceptance factors were addressed and the societal impact
of the robot was observed. These field trials were conducted bearing in mind

100



the concept of a sociological breaching experiment (see also Weiss et al (2008,
2010)), where the first reactions of pedestrians were analyzed by means of
passive unstructured observation. Furthermore, the experiment was combined
with a street-survey addressing the social acceptance indicators. Both studies
were conducted together with the Technical University of Munich in public
spaces in Munich, Germany. More details on the first field trial can be found
in Weiss et al (2008) and Weiss et al (2009f).

The participants for the street survey were randomly chosen to answer the
questionnaire on a voluntary basis. A total of 48 participants took part in
the first study conducted in July 2007 and 52 participants in the second one
in September 2008. The content related research questions for both studies
were: (1) “Does the introduction of a robot into a public place violate human
norms of social behavior?” and (2)“Does the ACE robot offer the necessary
navigation, interaction, and communication features to stimulate a feeling of
social acceptance among the pedestrians”. Form a methodological view point
the main question was if a field trial setting is suitable to assess the indicators
proposed for evaluating Social Acceptance. More details on the second field
trial can be found in Weiss et al (2008), Weiss et al (2010), and Weiss et al
(2009f).

4.9.1 Study Setting

In the first study (see Figure 4.11) the ACE robot moved remote-controlled via
the Karlsplatz, a highly frequented public place in Munich, which is situated
at the end of a shopping street, with access to local transportations (metro).
Although the robot was remote-controlled for security reasons, the illusion of
an autonomous system was preserved as the operator was hidden from pedes-
trians. Three researchers accompanied the experiment: one conducted the
unstructured observation and two the interviews. The study lasted two hours.

In the second study (see Figure 4.11) the ACE robot had to move au-
tonomously from Odeonsplatz to Marienplatz and back by asking pedestrians
for the way. The pedestrians could tell ACE where to go by first showing in
the right direction with an arm and then show ACE the right way (e.g. how far
from here) on the map on its touch-screen. The development team of the robot
stayed near it because of security reasons, but stayed invisible from pedestri-
ans because of the well frequented environment. The study lasted five hours
and was accompanied by four researchers, of whom one did the unstructured
passive observation and the other three did the interviews.
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In both settings, participants had the possibility to interact with the robot
via its touchscreen (in the first study to get more information about the robot
itself and on the Karlsplatz, in the second study to show the robot the way on
the map). In the first study, 48 participants took part. In the second study
52 participants took part.

Figure 4.11: Case Study 8 and 10: ACE Field Trials

(a) Case Study 8 (b) Case Study 9

4.9.2 Instruments

Observation To asses the first reactions of pedestrians noticing or interact-
ing with the ACE robot, passive unstructured observation was used. In both
studies, a researcher took observational notes of the setting in general and the
interaction with the robot in specific. In the first study, all researchers, addi-
tionally, wore a “SenseCam”, which is a wearable digital camera that passively
takes photographs or videos without user intervention while worn, to recored
contextual information. In the second study, instead of observing the context
it was decided to mount an additional camera on the “head” of the robot to
directly record the interaction of participants with the robots touch screen

Extra Questionnaires For both studies, special questionnaires on the indi-
cators for the “social acceptance” factor were developed, which were adapted
to the field trial setting, meaning that the interviewing situation did not last
longer than five minutes and the questions were related to the interaction pos-
sibilities with the robot (both questionnaires can be found in the Appendix:
Annex 7, they are both in German). In the first study, two questionnaires
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Table 4.9: Method Mix: Case Study 8 and 9
Factor Addressed Indicator Used Method
Social Acceptance

Attitude toward Using
Technology

Extra Questionnaire

Performance Expectancy Extra Questionnaire
Effort Expectancy Extra Questionnaire
Self Efficacy Extra Questionnaire
Forms of Grouping Extra Questionnaire
Attachment Extra Questionnaire
Reciprocity Extra Questionnaire

Societal Impact Observation

were used, one for people who did not interact with the robot via its touch
screen and an extended one for those who did. In the second study, only one
long questionnaire was used to gather more data material which was answer-
able for all participants and allowed comparative data analysis depending if
participants interacted or not. Table 4.9 gives an overview of which methods
were used to assess which indicator in this case study.

4.9.3 Procedure

The first field trial lasted two hours and was based on a passive unstruc-
tured participant observation and pre-structured interviews with participants
selected by chance. The ACE robot was remote controlled, the human operator
used three different navigation strategies repeatedly during the case study:

1. The ACE robot approached pedestrians in the distance of the intimate
space. The robot introduced itself with a female voice and then asked
the pedestrians if he/she wanted further information about: (1) the ACE
robot, (2) the Karlsplatz, (3) the Karlstor (important monument), (4)
news, (5) Technical University Munich, and (6) the weather. The pedes-
trians could select one of those options on the robot’s touch screen.

2. The ACE robot navigated on the Karlsplatz without a direct goal in the
distance of the personal and social space.

3. The ACE robot stood still in the middle of the Karlsplatz and started
approaching pedestrians who showed interest towards it.

In the second field trial, the ACE robot was to moving autonomously from
Odeonsplatz via Theatinerstraße to Marienplatz and back. During this naviga-
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tion task, the ACE robot asked pedestrians for the way to either Marienplatz
or Odeonsplatz. The pedestrians could show the ACE robot the way by first
pointing in the right direction and then providing further information over a
touch screen (e.g. how distant the goal was). The second field trial lasted
three hours and was also based on passive unstructured observation and pre-
structured interviews. Additionally, a camera directly installed on the head of
the ACE robot recorded the participant’s interactions on the touch screen.

4.9.4 Results

Insights on the Theoretical Framework In the following, the observa-
tional results and the questionnaire data of both field trials will be shortly
described. The social acceptance indicators were formed by summative join-
ing of the scores for the questions that represented it (see Appendix: Annex
7 for the items and the corresponding indicators). It needs to be mentioned
that not all social acceptance indicators proved their consistency, as some in-
dicators did not reach a Cronbach’s alpha above 0.5 (first field trial: forms of
grouping and cultural context, second field trial: forms of grouping and self
efficacy). A low Cronbach’s alpha value around 0.5 can be seen as sufficient,
according to Pedhazur and Schmelkin (1991), if a high number of factors are
tried to be assessed with a small number of participants.

Attitude toward using technology: In the first field trial, participants ra-
ted the indicator attitude rather positive (mean : 3.88, SD : 1.37). The
observational data revealed the behavior pattern of “investigating the
engineering of ACE” six times, which could be observed only for male
pedestrians. In the second field trial, participants rated the indicator at-
titude toward using technology, in the street survey very positive (mean :
3.96, SD : 0.13). This indicator was rated significantly better by partic-
ipants who actually interacted with ACE (t(41.49) = 2.54, p < 0.05).
The analysis of the observational material showed that people were very
curious towards new technologies and many people stated surprise in a
positive way “It is able to go around me. I would not have thought that”.
Unfortunately, some people also seemed scared. However, most of the
time curiosity prevailed over anxiety, which is probably due to the so
called “novelty effect”.

Performance expectancy: In the first field trial, participants rated the in-
dicator performance expectancy very positive (mean : 3.85, SD : 1.40).
In the second field trial participants rated the indicator of performance
expectancy in the street survey the highest (mean : 3.97, SD : 0.14).
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Furthermore, it could be observed that people tried to understand what
the robot is doing by adopting its perspective. Thereby, they saw the
robot accepting a subordinate role and taking care of the humans and
the environment (“he is broadly going around us”, “he is reacting to
obstacles”). However, the image of robots seems to be characterized by
Hollywood-films (“I wonder if this is like Wall-E”). Some people inter-
preted the robot as a tourist attraction.

Effort expectancy: In the first field trial as well as in the second one, par-
ticipants rated the indicator effort expectancy very positive (first study
- mean : 3.97, SD : 0.70; second study - mean : 3.89, SD : 0.11). In
the second field trial, this indicator was furthermore significantly bet-
ter rated by participants who actually interacted with ACE (t(28.68) =
3.15, p < 0.05).

Self Efficacy: In the first field trial, participants rated the indicator self ef-
ficacy the highest (mean : 4.42, SD : 0.68). In the second field trial,
participants rated the indicator of forms of grouping in the street sur-
vey least positive (mean : 2.85, SD : 0.14). This indicator was signif-
icantly better rated by participants who actually interacted with ACE
(t(38.80) = 3.08, p < 0.05). The observational data of the second study
showed a high belief of the pedestrians in their capabilities to use the
robot which corresponds to their rather positive attitude towards novel
technology. People liked to prove to themselves in public, that they can
manage the interaction with the robot. Children were especially self con-
fident and actively approached the robot similar to the observations in
the first field trial. This observation could also be made in the first field
trial where the behavioral pattern of “controlling ACE with gestures or
commands (waving, “follow me”)” could be observed 19 times and the
pattern “sending children first for pointing on the touch screen” four
times.

Forms of Grouping: In the first field trial, participants rated the indicator
forms of grouping rather positive (mean : 3.54, SD : 1.54). The observa-
tional data revealed the interesting finding that pedestrians built “inter-
action groups”, meaning that a group of 10-15 strangers stood in front of
ACE and each member of this “coincidence” group stepped forward to
interact with ACE, while the rest of the group waited and watched the
interaction. In the second field trial, participants rated the indicator of
forms of grouping in the street survey rather positive (mean : 3.45, SD :
0.12). This indicator was rated significantly better by participants who
actually interacted with ACE (t(35.96) = 4.09, p < 0.05).
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Attachment: In the first field trial, participants rated the indicator attach-
ment rather positive (mean : 3.63, SD : 0.89). However, in the sec-
ond field trial, participants rated the indicator of attachment even lower
(mean : 2.85, SD : 0.14). Interestingly, participants younger than 50
years rated this indicator significantly lower than older participants
(t(43.80) = −2.36, p < 0.05). This effect could not be found in the
questionnaire data of the first field trial. In the second field trial, some
people showed companion like behavior towards the robot (e.g. “Let’s
have a look . . . Oh yes . . . come on . . . take off”). The robot was directly
addressed like a social actor. However, not everyone addressed the robot
in 2nd person, even if they were standing right in front of it; a behavior
which would be considered extremely impolite when interacting with a
human and an indicator that the robot is not perceived as a partner by
everyone.

Reciprocity: In the first field trial participants rated the indicator reciprocity
the lowest (mean : 2.25, SD : 0.81). A reason for this could be that
only 54% of the participants experienced the robot as interactive due
to its limited interaction possibilites in the first study set-up- In the
second field trial participants rated the indicator of reciprocity in the
street survey rather positively (mean : 3.50, SD : 0.16). This indicator
was significantly better rated by participants who actually interacted
with ACE (t(24.85) = 2.44, p < 0.05). Furthermore, reciprocity was
the only factor that was significantly better rated by men than women
(t(19.99) = −2.42, p < 0.05). Moreover, participants younger than 50
years rated this indicator significantly lower than than older participants
(t(37) = −3.27, p < 0.05).

Societal impact: During the street survey of the first field trial, the three
questions regarding cultural context were asked. These questions were
often discussed more intensively with the researchers than others. The
question whether robots are pleasant working colleagues was answered
quite heterogeneously. About 40% of the participants chose the middle
answer category, arguing that they cannot answer the question, because
they have not worked with robots. A total of 8 participants answered
“strongly agree”, arguing that robots could solve boring tasks or perform
dangerous work for them. Similarly, 8 participants answered “strongly
disagree”, arguing that they are afraid not to be able to handle the robot.

The follow-up question, if the use of robots causes anxiety for the work-
ing place, was answered with “totally disagree” by 30 of the participants.
Additionally, many participants commented this question explaining that
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their working tasks were too complex for a robot to solve. Only three
participants answered that they were very afraid to be substituted by
a robot. A total of 31 of the participants answered that they would
strongly appreciate to own a robot. It is worth to mention that cul-
tural context was the only indicator that revealed significant differences
regarding the independent variable age in the first field trial. Older
participants rated the questions regarding cultural context significantley
higher, than younger ones(Kendall′sTau−B : 0.422, p = 0.036).

The analysis of the video and audio material recorded by the additional
camera mounted at the head of the ACE robot in the second field trial,
additionally gave insights that pedestrians experienced the ACE robot
as social actor in the public place. However, pedestrians expect that
their safety is guaranteed in a public place and that the robot will not
harm them. Many pedestrians showed the willingness to interact with
ACE, however, the first impression prevailed. If the robot did not react
accordingly to the expectation of the pedestrian in the first minute of
interaction, participants aborted.

Insights on the Methodological Framework Conducting a field user
study with a socially situated robot to evaluate social acceptance and societal
impact of human-robot interaction in public places is helpful to gain additional
insights for social acceptance beyond laboratory-based user studies. From the
methodological view point, these two field trials gave the first indication that
the USUS evaluation framework can also be applied in field trials, at least for
the indicators of social acceptance and societal impact. However, advantages
as well as disadvantages in applying this kind of methodology in the field could
be identified.

When conducting a pre-structured interview in a public place it has to
be considered that street-surveys are always based on non-probabilistic par-
ticipant sampling, meaning that the researcher himself chooses the sample of
investigation. This way of “rational choice” sampling entails several advan-
tages as well as disadvantages. Non-probabilistic sampling is valuable if the
target population is hard to define; it is adaptable during the research process,
by explicitly selecting “required” participants. It allows to quickly gain first
insight to the results.

Otherwise, non-probabilistic sampling does not guarantee to address all
relevant participants to answer the research question, there is always the pos-
sibility to generate a distorted sample, and generaliazability of the data is
problematic as the target population is not predefined. It could be shown that
a field user study with an accompanying survey, can provide valuable insights
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on social acceptance and societal impact in terms of behavior patterns at the
same time. Linking the methodological results can be helpful. The interaction
analysis conducted in the second field trial in accordance to the participants
autonom (questionnaire data) and the heteronom (observational data) was also
highly feasible. However, this resulted in a more complicated methodological
set-up with an increased number of required observers and cameras.

A main limitation of this methodological approach was that not all indi-
cators might be well addressed in a public setting as socially desired response
behavior is more dominant in a public setting and reflecting the answers in
a “passing-by” situation is not as easy for the participants compared to a
laboratory-based setting (where the participant is on his own with the exper-
imenter). Furthermore, generalizability is a major issue in a field study like
this, as using a “special” robot like the ACE robot does not allow generalizing
results in terms of robotic appearance. Several re-tests are necessary to achieve
a more general understanding of social acceptance of HRI in public settings.

4.10 Case Study 10:

Cognitive Walkthrough

This case study was carried out based on the video material recorded during
the two of the three laboratory-based user studies: (1) Case Study 3 with
the HRP-2 robot (see Section 4.4), (2) Case Study 4 with the HOAP-3 robot
(see Section 4.5). Four experts evaluated the two human-robot interaction
scenarios in terms of usability with a special focus on learnability. The case
study was conducted at the ICT&S Center, University of Salzburg, May 2009.
More details on this case study can be found in Weiss et al (2009g).

The content based research question was “What are the major usability
problems of HRP-2 and HOAP-3 occurring in the conducted collaboration
tasks, particularly addressing learnability?”. From a methodological point of
view, the case study was conducted to fill the methodological gap of thoroughly
addressing the usability indicator learnability.

4.10.1 Study Setting

The study was set-up as a group-based cognitive walkthrough using video ma-
terial from two user studies ((see Section 4.5 and Section 4.6)). A moderator
lead the walkthrough and four expert evaluators assessed the human-robot in-
teraction scenarios in terms of learnability in accordance to the lead questions
of the cognitive walkthrough technique (see SubSection 3.7.1). The video ma-
terial had a duration of approximately three minutes each and was projected
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on a screen visible for all evaluators (see Figure 4.12). Two cognitive walk-
through sessions were conducted on two separate days: one for the HRP-2
scenario and one for the HOAP-3 scenario.

Figure 4.12: Case Study 10: Study Setting and Material

(a) Study Setting (b) Scenario Card
HRP-2

(c) Scenario Card
HOAP-3

4.10.2 Instruments

For each interaction scenario, a separate cognitive walkthrough was conducted,
both using the same instruments. Table 4.10 gives an overview of the addressed
factor and indicator in this case study.

Video Stimulus Based on the recordings of the two user studies (see Sec-
tion 4.5 and Section 4.6) a video was composed for each tasks where the ideal
procedure of the interaction sequences could be watched. Thus, in total four
videos were used in he cognitive walkthrough. (1) Commanding HRP-2 to
pick up a ball, (2) commanding HRP-2 to put a ball on a table, (3) teaching
HOAP-3 to push a box, (4) teaching HOAP-3 to close the lid of a box.

Scenario Cards To provide the expert evaluators with the necessary context
of the interaction scenarios and the tasks, information for both was provided
on so called scenario cards (see Figure 4.12).

Action Sequence Table A so called action sequence table was provided for
the expert evaluators to support structured comparable note taking during the
cognitive walkthrough and to ease the discussion between the evaluators. In
the action sequence table, the task which should be evaluated was split up into
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Table 4.10: Method Mix: Case Study 10
Factor Addressed Indicator Used Method
Usability Cognitive Walkthrough

Learnability Cognitive Walkthrough

several action sequences. For each action sequence, a picture was provided and
an area for each of the four cognitive walkhrough lead questions: (1) Will the
user try to achieve the effect that the subtask has? (2) Will the user notice that
the correct action is available? (3) Will the user understand that the wanted
subtask can be achieved by the action? (4) Does the user get feedback?

4.10.3 Procedure

In the beginning of an analysis session, the moderator introduced the sce-
nario to the evaluators and distributed the scenario card among the evaluators.
Then, the moderator showed the first action sequence in the video. After each
action sequence, the evaluators started a group discussion about their notes
and tried to agree on if a user chose the correct interaction possibility at each
step or if usability problems would occur. If usability problems were identified
the expert evaluators tried to name the reasons and suggest improvements for
the analyzed scenario.

In that way, the evaluators walked through the complete task and were
supported by the moderator (e.g. if the audio quality of the recordings was
bad the moderator read aloud the possible human commands and the robot
answers). All sessions were audio recorded and transcribed. The transcript was
then analyzed in terms of the cognitive effort and usability problems within
each task.

4.10.4 Results

In total, 6 different main usability problems concerning learnability were iden-
tified for HRP-2 scenario and five for the HOAP-3 scenario, whereas four of
the problems could be identified for both scenarios. The usability problems are
presented in accordance to the definition of learnability from Dix et al (2004)
saying that learnability is based on five principles: predictability, synthesiz-
ability, familiarity, genarlizability and consistency.

Insights on the Theoretical Framework This case study again showed
the importance of feedback and visibility of system status to ensure a good
predictability. The expert evaluators stressed the importance of consistency

110



on the one hand (same feedback modality for the same action) but flexibility
of the reaction of the robot (e.g. adaptation and variation in verbal answers)
on the other hand. In the following paragraphs more detailed insights on
learnability as usability indicator are presented.

Synthesizability and Consistency: Both interaction scenarios provided on-
ly one-dimensional feedback for the user. Furthermore, in both scenarios,
moments occur where the user is left alone without any feedback. Re-
garding consistency, it would be valuable if the user always receives the
same type of feedback on the same or similar action; e.g. a green blinking
light whenever the robot understood a command. Regarding synthesiz-
ability, it would be recommended to support the user in assessing the ef-
fect of past actions by suitable feedback. In many situations, this would
mean multidimensional feedback like a combination of a green blinking
light with the audio feedback “command understood” to represent that
a command is processed.

Predictability: In the HOAP-3 scenario, it was hard for the user to assess the
robot’s vision range, which was essential to solve the tasks successfully.It
would be advisable to support the user in determining the effect of future
actions based on the interaction history. Therefore, it is necessary to
provide cues about the range of vision, e.g. on a separate ambient display
or by coloring the area on the table where the robot is able to detect and
manipulate objects.

Familiarity: In both interaction scenarios, it was hard to decide for the
users if the robots are “ready for interaction”, on “stand-by mode”, or
“switched off”. Using the metaphor of a stand-by mode of a computer
or a TV-set would support the learnability. The usage of familiar knowl-
edge of computer-based or real world domains could be easily applied,
e.g. by means of a stand-by LED or if the robot looks down with its
head (“sleeping mode”).

Generalizability: In the HOAP-3 scenario, the output of the robot in terms
of phrases, body language, and light cues was hard to interpret for the
users. It would be valuable to support the user when interacting within
and across applications with recognizable output. Cues from human-
oriented perception can be of high value, e.g. activating a robot by
saying its name and short, easy to remember commands like in the HRP-
2 scenario foster learnability and could be easily transferred to other
interaction scenarios or humanoid robots.
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Insights on the Methodological Framework The methodological adap-
tion of a video-based cognitive walkthrough with a group of experts proved
its feasibility to retrospectively analyze user studies on direct human-robot
interaction scenarios with respect to learnability. Thus, it is a suitable way to
close the gap in the investigation of the usability indicators.

The adaption to use videos instead of letting the evaluator interact person-
ally with the robot was feasible as it allowed to repeat unclear action sequences
and to discuss them in more detail with a team of experts. However, the two
sessions also showed that it is advisable to provide scenario cards to increase
the context awareness amongst the evaluators and to have at least one eval-
uator in the cognitive walkthrough team who was also part of the user study
testing team. This experienced evaluator can provide more detailed infor-
mation, e.g. if a usability problem which was assumed by another evaluator
actually occurred in the user study.

The moderator role is relevant to lead the discussion back to learnability if
it becomes of topic. Moreover, a positive side effect could be observed during
the two sessions, namely that insights on other usability indicators were found,
e.g. flexibility.

4.11 Case Study 11:

Expert Interviews on Societal Impact

This case study was carried out as two consecutive expert interviews taking
into account the methodological approach of a Delphi study. The first round
of expert interviews was conducted with the industrial project partner DRA-
GADOS (a Spanish construction company), at their company site, Madrid,
September 2008. The second round of interviews was conducted with the in-
dustrial project partner Space Application Services (SAS), a Belgium company
interested in using robotic technology for space exploration)at their company
site in Zaventem, Belgium, March 2009. Both rounds of interviews were con-
ducted to gain deeper insights on the societal impact indicators form an indus-
try point of view to complement the data from the in-depth user interviews.
More details about these interviews can be found in Weiss et al (2009d) and in
Weiss et al (2009g). The content based research questions for this study were
to explore:

1. “How do systems have to be prepared not to influence the quality of life,
health and security of citizens in a negative way?”

2. “How does the collaboration with robots impact working conditions and
does it cause any changes in methods for employee retention?”
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3. “How do new types of education have to be designed to cover the new
requirements in the working life and is it important to groom workers
for the new working conditions in a psychological manner?”

4. “Does the use of robots cause a change of the culture, does it affect
fears and goals of people and does the collaboration with robots have an
unequal impact on different cultures?”

From the methodological viewpoint of validating the proposed evaluation
framework, this case study should close the gap of addressing societal impact
only from a user’s point of view. Furthermore, the interviews should explore
if any indicators will come up, which have not been taken into account for the
theoretical framework.

4.11.1 Study Setting

The first round of interviews were conducted with two representatives of the
company DRAGADOS: Miguel Segarra, head of the research department for
buildings and processes, and Enrique Maizquez Gonzalez, expert in build-
ing prefabrication. The interviews were based on guidelines derived from the
literature review on the societal impact indicators and lasted approximately
between one and two hours each.

The second round of interviews was conducted with four representatives of
the company SAS: Jeremi Gancet, Nicolas Descouvemont, Bernard Fontaine,
and Elvina Motard. The guidelines for theses interviews were developed based
on the results of the first round of interviews (to take into account the Delphi
methodology) and lasted again between one and two hours in average.

Both sets of interviews were audio recorded and transcribed afterwards1.

4.11.2 Instruments

Interview Guidelines Both rounds of expert interviews were semi- struc-
tured using pre-defined guidelines (the guidelines can be found in Weiss et al
(2009g)) and in the Appendix: Annex 8), whereas the second round of guide-
lines was based on the results of the first round of interviews to take into
account the Delphi approach. In both interviews, there was no chronological
order of the questions. It was the responsibility of the interviewer to adapt
the order of the questions in accordance to the interview situation. Table 4.11
gives an overview of which methods were used to assess which indicator in this
case study.

1The interview protocols were authorized by the industrial partners.
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Table 4.11: Method Mix: Case Study 11
Factor Addressed Indicator Used Method
Societal Impact

Quality of Life, Expert Interview
Health, and Security Delphi Study
Working Conditions Expert Interview
and Employment Delphi Study
Education Expert Interview

Delphi Study
Cultural Context Expert Interview

Delphi Study

4.11.3 Procedure

All interviews started with a short description of the of the FP6 EU-funded
Project “Robot@cwe: Advanced robotic systems in future collaborative working-
environments”. Afterwards, the participants were introduced into the goal of
the interview:

“The main objective of this interview is to gain insights in the pos-
sible societal changes (chances and risks) which arise in the co-working
of humans and robots. As our point of view is mainly a theoretical one,
we need input from practitioners who will be on the front line of future
collaboration with robots. In this interview, we would like to address
diverse aspects of this future scenario. Please do not be afraid to give
your own opinion as no one can foretell the future, no wrong answers
exist.”

After signing the permission for data utilization and the completion of a
short questionnaire on demographic data, the semi-structured interview with
open ended questions was conducted. Afterwards, the audio recordings of the
interviews were transcribed and a qualitative content analysis was conducted
(Flick et al, 2004). In the content analysis approach after Flick et al (2004),
significant as well as on first sight not significant, parts of the transcript are
decomposed and analyzed by a group of researchers (in theses cases three
researchers for both interview rounds) in terms of manifest and latent meaning.
Furthermore, the results from the expert interviews were compared with those
from the user studies to reveal differences and similarities.
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4.11.4 Results

Insights on the Theoretical Framework The case study showed that
even though experts not only answered differently from the participants of
the user studies but also heterogeneously depending on their industrial back-
ground, the Delphi approach allowed to compose one picture of the future
robotic society. In the following, the cumulated results of both expert inter-
view rounds will be presented which describe the picture of the future robotic
society in accordance to the theoretical USUS indicators for societal impact.

Quality of Life, Health, and Security: Experts from DRAGADOS
assumed that the life expectancy will increase due to robotic technology
(e.g. tele-robotic surgery). Robots will not harm the physical health of
citizens, but probably the physiological, as they reduce human-human
relationships. Robots will be used as servants and support humans in
many fields like care settings, education, and service jobs.

In general experts from SAS had a positive look into the future. They
expect more leisure time for people and a better health care system.
However, experts warned that robots are safety critical in direct human-
robot collaboration (e.g. hurting humans).

Working Conditions and Employment: According to the experts from
DRAGADOS, the societal changes of the working conditions due to
robotic technology are on hand. There will be an increase in the unem-
ployment rates above all for low educated people. The first applications
of robots will be dirty, dull, and dangerous tasks. Experts expect no
changes in income. However, they point out that more focus will have to
be put on ensuring safety as a key aspect of future working conditions.

According to experts of SAS, robotic technology will have no negative
impact on the employee situation in future. Robotic technology will
produce many new sophisticated jobs. Moreover, there will still be a
strong need for human workers in the future. SAS experts do not see
robots just in dangerous environments, but in homes, assistant work, and
even the arts.

Education: Regarding the question how the education system will change in
the future, experts from DRAGADOS stated that education will simply
become more important and that higher educated people will be preferred
on the labor market. However, they do not expect massive changes in
the education system and also do not think that this will be necessary.
Instead, they suggested employee-training as a reasonable approach.
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The experts from SAS showed a similar response behavior. They stated
that the introduction of robots into people’s working life should be step
by step and that employees should receive specific trainings to handle
robotic technology. However, they also do not see a need to teach
“robotics” in school, but they stated that new disciplines at universi-
ties will evolve due to the technological progress.

Cultural Context: Regarding the influences of cultural context on robotics
and vice versa, the experts from DRAGADOS pointed out that the value
system will only change slowly (e.g. the value of human work will be
defined differently over time). However, they do not assume any cultural
limitations regarding the introduction of robots, meaning they expect
the Western society equally to accept robots in working life as Asia, but
it will probably take longer.

The experts from SAS see language as the cultural limit to introduce
robots (English as basis for working with robots in terms of configura-
tion and programming). They also stated that robots built for Western
societies will have a different embodiment than robots for Asian coun-
tries. SAS experts also agreed that industrialized countries (above all
Japan) are more ready for the introduction of robots. Moreover, robots
as artists will have an impact on culture. Finally, SAS experts stressed
that in future our thoughts will change what makes humans special.

Insights on the Methodological Framework Expert interviews proved
to be of high value for gathering data on the societal impact indicators. Above
all, having experts from two very diverse fields (construction company and
space applications) provided a widespread area of answers which also differed
profoundly from the assumptions participants stated at the end of the user
studies (for more details on this result see Weiss et al (2009d)).

By means of theses two interview rounds it could not be validated if a
Delphi study would provide a more holistic picture. To provide the SAS experts
the opinion of the DRAGADOS experts (in style of a Delphi approach) did
cause some methodological problems. SAS experts stated that it is hard for
them to interpret answers of DRAGADOS experts as they are from a different
industry.

Furthermore, difficulties occurred for the experts to have a common under-
standing of the term future. It worked out to give experts a clear time frame
(”let’s say future is in the next 50 years”), which was not helpful for user study
participants.

It will be necessary to test the Delphi approach in its original fashion in the
future to determine its feasibility for societal impact measurement. However,
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the data analysis showed that expert interviews provide in-depth heterogeneous
data about the societal impact indicators which is not congruent to user study
participant answers. Though this data could be used to develop a standardized
questionnaires for future user studies.

4.12 Reflection on the Eleven Case Studies

This chapter presented the case studies which were conducted in terms of prov-
ing the feasibility of the proposed methodological framework of the USUS eval-
uation framework. Eleven studies were presented, which all provided building
blocks to assess the suitability of methods to address specific USUS indicators.
The sections on “Insights on the Methodological Framework” thus consisted
of the advantages, limitations, and lessons learned for future study settings.
I would like to reflect on the question, if I could prove the validity of the
methodological framework. I would answer partly. I could show that the
methods I originally proposed can be used to address the suggested indicators,
but I cannot prove if it is the best method in terms of produced results. Future
comparative studies would be required to prove this.

Moreover, I could show that specific study settings and tools (e.g. com-
bination of specific questionnaires) can be used for a variety of human-robot
interaction scenarios, but this does not guarantee that it can work for all in-
teraction scenarios. For instance, studies with more complex tasks and with
longer task durations will have to skip questionnaires and interview parts to
stay in a reasonable time frame. However, the eleven case studies cannot prove
the completeness of reasonable methods to address the theoretical indicators.
The indicators of user experience and social acceptance were mainly assessed
by means of questionnaires. Other methods should be considered in the future
to gain additional data. In Chapter 6, I will give additional method proposals,
based on methodological considerations and challenges and present a revised
methodological framework.

To summarize the content-related findings, one could highlight the follow-
ing aspects: Regarding usability, the task durations vary surprisingly among
the study participants. Most interesting was the observation that there is a
difference in task duration between Asian and Western participants due to the
different problem solving strategies. As a novel methodological approach, I
consider “cultural interaction scenarios” which take this finding into account
to shape human-robot interaction based on the socio-cultural context.

In general, all evaluated human-robot interaction scenarios offered too little
flexibility in terms of solving strategies. Human-robot interaction scenarios are
still strictly ordered action sequences. More flexible scenarios will improve the
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user performance. Furthermore, there is also a lack in user support. If the goal
is that novice users can independently interact with humanoid robots, user
support systems must be developed that allow the user to recover him/herself
from minor errors.

Regarding social acceptability, there are good news for roboticists and engi-
neers, as the attitude towards robots ratings by means of the NARS question-
naire were significantly better (at least for one scale) after the interaction with
the robotic system in all laboratory-based studies. This finding indicates that
user-centered design approaches, like the USUS evaluation framework is a step
into the right direction to allow a mutual shaping between societal require-
ments and technological possibilities. Moreover, the case study data, as well
as the online survey data (see Section 5.3.2), indicated that the ratings of the
social acceptance indicators are heavily dependent on independent variables
like age, gender, and nationality. This finding again supports my suggestion
of “cultural interaction scenarios”.

To my conviction, the HRI community now needs to go one step further and
not only analysis the differences regarding perception and acceptance of robotic
agents, but use these findings to inform the design of interaction scenarios, e.g.
especially for women or for children. The adaption robotic systems should
not only happen on an individual basis during the actual interaction, but
predefined on a general level. This could be of advantage in public setting,
where robots not only interact with one specific person, but with groups of
people who share similar characteristics.

Regarding user experience, it was interesting to observe that the arousal
during the interaction varies a lot for novice users as well as for expert users.
As already mentioned above, a next step could be to use this physiological data
as input therefore a robotic system can react on this variations. Furthermore,
a high correlation between the feeling of security and the feeling of control
could be observed in the user studies. In other words, the more the user had
the feeling of control over the interaction, the more he/she felt secure in the
interaction. As it became obvious in the laboratory- and field-based studies,
users in general share the belief that robots which are used for direct interaction
with humans must be safe (users take their safety for granted). It will be
important to find more cues to increase the feeling of control to guarantee the
feeling of security also for the long-term (not experimental) usage of robots.

Regarding societal impact, a major finding was that the working context
users prefer robots as sophisticated tools, not as working colleagues. Users ex-
pect robots in the working context to be functionally designed, for the specific
tasks they should perform. In consequence for humanoid robots, this indi-
cates that cues need to be identified that visualize the task assignment of the
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robot. For HRI researchers, it indicates that in the working context the focus
should be put on acceptance factors like performance expectancy instead of
attachment or reciprocity.

The final issue, however still remains, after eleven case studies it cannot
be guaranteed that the USUS evaluation framework is complete in terms of
indicators, factors, or methods. The case studies showed that human-robot
interaction studies can be very challenging regarding theoretical grounding
and methodological approach. Human-robot interaction studies are also very
rewarding, if they are planned in detail and in accordance to a theoretical basis
and lessons learned from previous studies. However, due to the small sample
sizes in the user studies, statistical reliability and validity could only partly
be addressed. To limit this aspect, the next chapter presents the results of a
broad online survey with 398 participants.
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Chapter 5

Reference Model:
The Revised USUS Framework

5.1 Outline of the Chapter

This chapter presents a reference model on the synergies and influences be-
tween the proposed factors and indicators of the theoretical framework (see
Chapter 3). The reference model is based on a cross-analysis of the quanti-
tative data gathered in a broad online survey based on the UX- and SoAc-
Questionnaire used in some of the case studies (see Chapter 4). The reli-
ability and validity of the user experience and social acceptance indicators
is tested by factor analysis and Cronbach’s alpha. The results of the de-
scriptive analysis of the derived indicator scales show that there is a strong
interdependency within some user experience and social acceptance factors.
Furthermore, the influence of six independent variables: “nationality” (expres-
sions: Asian/Western), “gender”, “age”, “profession” (expressions: worked in
HRI/not worked in HRI), “experiment” (expressions: already participated in
HRI experiments/never participated in HRI experiments), and “robot” (ex-
pressions: HRP-2 robot/HOAP-3 robot) was analyzed. The outcome of this
work is a revised framework for the factors user experience and social accep-
tance.

5.2 The UX- and SoAc-Questionnaire

Based on the literature review and on the results of the focus group study, two
questionnaires were designed to measure the indicators of the user experience
and the social acceptance factors: The User Experience-Questionnaire (sub-
sequently UX-Questionnaire) and the Social Acceptance-Questionnaire (sub-
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sequently SoAc-Questionnaire). The development of the questionnaires began
with a huge number of items, which were intended to cover the different indi-
cators of the theoretical framework to be measured. From this pool of items
two researchers decided collaboratively which items should be used in the final
questionnaires. Furthermore, it was decided to measure the UX-Questionnaire
on a 7 point Likert scale in accordance to the AttrakDiff questionnaire (see
SubSection 3.7.3) and to measure the SoAc-Questionnaire in accordance to the
UTAUT model on a 5 point Likert scale (see Section 3.4).

In the following, the two questionnaires are presented in their English ver-
sion (for the second HOAP-3 user study the questionnaires were translated to
Spanish by an accredited translator - see Appendix: Annex 9; for the mixed-
reality user study they were translated to German - see Appendix: Annex 10,
and for the HRC scenario with HRP-2 they were translated to Japanese - see
Appendix: Annex 11). All items of the questionnaires were already preas-
signed to an indicator of the theoretical framework. Based on this allocation,
the scales were calculated for the user studies. For the SoAc-Questionnaire, ad-
ditional items for the UTAUT factor facilitating conditions were added, which
were taken into account later on in the analysis of the online survey. The em-
pirical validation of the scales could not be conducted until the online survey,
due to the small sample sizes.
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Indicator Item 1 2 3 4 5 6 7 
EMB I liked the size of the robot.        
E Interacting with the robot  is fun.        
COE When talking to the robot, I feel like 

talking to a human.        

E I am happy when the robot understands 
my commands.        

FS I think that the robot is vulnerable to 
hackers. (R)        

COE I can interact with the robot like I 
interact with other humans.        

E I am disappointed if the robot does not 
understand my commands. (R)        

EMB I liked that the robot looked similar to a 
human.        

FS I hesitate to use the robot for fear of 
making errors that will harm me. (R)        

COE When working with the robot, I perceive 
it as working in a team.        

HOP I perceive the robot as a social actor.        
EMB I liked that the robot  has human like 

features: face, ears, eyes, etc.        

FS I fear to use the robot, as an error might 
harm the robot. (R)        

HOP I liked that the robot detected my face.        
COE I feel good when interacting with the 

robot.        

EMB I liked the physical co-location of the 
robot.        

HOP I perceive that the robot  is intelligent.        
E I am angry if the robot does not 

understand my commands. (R)        

EMB I liked the design of the robot.        
HOP I enjoyed talking with the robot         
COE The robot could become a companion for 

me.        

FS I feel secure when working with the 
robot.        

E I felt afraid of the robot. (R)        
HOP I liked that the robot  understands my 

voice commands.        

FS I perceive the robot as safe.        
 

25 items 
R: reverse item (6) 
EMB: Embodiment (5) 
E: Emotion (5) 

COE: Co-Experience (5) 
FS: Feeling of Security (5) 
HOP: Human-oriented Perception (5) 

 



                                                       
 

SoAc-Questionnaire  
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Indicator Item 5 4 3 2 1 99 

PE The deployment of robots will increase my 
chances of success in my job. 

      

EE It will be easy for me to become skillful in 
dealing with robots. 

      

AT Robots will make work more interesting.       

FG Robots will be part of our everyday work.       

FR I can imagine that I will care for the wellbeing 
of a robot. 

      

A I can imagine taking a robot into my heart.       

FG Robots will have a similar importance as 
human colleagues. 

      

A It would feel good if a robot was near me.       

PE I will solve tasks faster using robots.       

SE I could not be successful while working with 
robots under time pressure. (R) 

      

PE Robots will make my tasks easier.       

FR Humans and robots will be interdependent.       

EE Interacting with robots will be easy to 
understand. 

      

AT I would not like to work together with robots. 
(R) 

      

EE It would be difficult to learn how to handle 
robots.(R) 

      

SE I will never be able to solve a task together 
with a robot. (R) 

      

PE Robots will facilitate burdensome tasks we 
have now. 

      

FG Robots and humans will make a good team.       

FR The interaction with robots will be a mutual 
experience. 

      

AT Using robots is a bad idea. (R)       

AT I would be afraid to employ robots at work. (R)       

FC I would be motivated to integrate robots in my 
daily workday. 
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Indicator Item 5 4 3 2 1 99 
FC If problems with robots occur there would be 

people who could help me.       

SE I could not solve a task with the help of robots 
if no one was there to tell me what to do. (R)       

PE I would find robots in my job useful.       
EE It will be easy to use robots.       
AT Working with robots would be fun.       
EE Efforts to solve tasks together with robots will 

be a huge undertaking. (R)       

SE I could solve all problems which occurred 
during the interaction on my own.       

FC I have the necessary knowledge to handle 
robots.       

A I can imagine building a special relationship 
with robots.       

AT I do not think it is necessary to employ robots 
in daily working life.(R)       

FR The relationship with robots will be based on 
the principle of give and take.       

PE The utilization of robots will increase my 
productivity.       

A I would not like to imagine a world in which 
robots were not used.       

FG Robots will be an important part of our society.       
SE When a problem occurs with robots, I would 

not be able to continue with my work without 
help. (R) 

      

FC I do not have the necessary abilities to handle 
robots. (R)       

FG I would like to collaborate with robots.       
FC There will be enough information material 

available to help simplify the interaction with 
robots. 

      

 
40 items 
R: reverse item (11) 
PE: Performance expectancy (6) 
EE: Effort expectancy (5) 
SE: Self efficacy (5) 

A: Attachment (4) 
AT: Attitude towards using technology (6) 
FC: Facilitating conditions (5) 
FG: Forms of grouping (5) 
FR: Feeling of reciprocity (4) 
 

 



5.3 The Online Survey

The online survey was based on the preliminary UX- and SoAc-Questionnaires
and on two short videos (around 1.5 minutes) derived from the preliminary
HRP-2 user study (see Section 4.4) and the first HOAP-3 user study (see
Section 4.5). Only items which could be answered just by watching human-
robot interaction in a video were chosen from the preliminary questionnaires.
Because of that, the UX-Questionnaire was heavily reduced in its number of
items (no adaptations have been executed for the SoAc-Questionnaire). Fur-
thermore, participants had to answer some questions on socio-demographics.
The online survey was provided in four different languages (German, English,
French and Spanish). The French and the Spanish questionnaire were trans-
lated by accredited translators. Unfortunately, at this stage of the “Robot@cwe”
project it was not possible to provide the questionnaire also in Japanese. The
complete English survey can be found in the following and the translations in
the Appendix: Annex 9, Annex 10, and Annex 121.

1For the French translation only the short version of the UX-Questionnaire is available.
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Online Survey 
 

Questions on User Experience 
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 1 2 3 4 5 6 7 
I liked the size of the robot.        
I think that the robot is vulnerable to hackers. (R)        
I would be disappointed if the robot did not understand my 
commands. (R) 

       

I liked that the robot looked similar to a human.        
I would hesitate to use the robot for fear of making errors 
that will harm me. (R) 

       

I perceived the robot  as a social actor        
I liked that the robot has human like features: face, ears, 
eyes, etc. 

       

I would fear to use the robot, as an error might harm it. (R)        
I perceived that the robot is intelligent.        
I would be angry, if the robot did not understand my 
commands. (R) 

       

I liked the design of the robot.        
The robot could become a companion for me.        
I would feel secure when working with the robot.        
I felt afraid of the robot. (R)        
I perceived the robot as safe.        

 
Questions on Social Acceptance 
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Item 5 4 3 2 1 99 
The deployment of robots will increase my chances of 

success in my job. 
      

It will be easy for me to become skillful in dealing with 
robots. 

      

Robots will make work more interesting.       
Robots will be part of our everyday work.       
I can imagine that I will care for the wellbeing of a robot.       
I can imagine taking a robot into my heart.       
Robots will have a similar importance as human colleagues       
It would feel good if a robot was near me.       
I will solve tasks faster using robots.       
I could not be successful while working with robots 
under time pressure. (R) 

      

Robots will make my tasks easier.       
Humans and robots will be interdependent.       
Interacting with robots will be easy to understand.       
I would not like to work together with robots. (R)       



                                                       
 

It would be difficult to learn how to handle robots.(R)       
I will never be able to solve a task together with a 
robot. (R) 

      

Robots will facilitate burdensome tasks we have now.       
Robots and humans will make a good team.       
The interaction with robots will be a mutual 
experience. 

      

Using robots is a bad idea. (R)       
I would be afraid to employ robots at work. (R)       
I would be motivated to integrate robots in my daily 
workday. 

      

If problems with robots occur there would be people 
who could help me.       

I could not solve a task with the help of robots if no 
one was there to tell me what to do. (R)       

I would find robots in my job useful.       
It will be easy to use robots.       
Working with robots would be fun.       
Efforts to solve tasks together with robots will be a 
huge undertaking. (R)       

I could solve all problems which occurred during the 
interaction on my own.       

I have the necessary knowledge to handle robots.       
I can imagine building a special relationship with 
robots.       

I do not think it is necessary to employ robots in daily 
working life.(R)       

The relationship with robots will be based on the 
principle of give and take.       

The utilization of robots will increase my 
productivity.       

I would not like to imagine a world in which robots 
were not used.       

Robots will be an important part of our society.       
When a problem occurs with robots, I would not be 
able to continue with my work without help. (R)       

I do not have the necessary abilities to handle robots. 
(R)       

I would like to collaborate with robots.       
There will be enough information material available 
to help simplify the interaction with robots.       

 
Questions on Socio Demographics 
 
Gender: male/ female 
Age: _________ 
Education: obligatory school/ high school/ university 
Nationality: ___________ 
Did you ever work in the research field of Human-Robot Interaction before? Yes/ No 
Did you ever participate in a research study with a robot before? Yes/ No 



The questionnaires were distributed via email on three scientific online
platforms: CHI-announcement, robotics worldwide, and EUropean RObotics
research Network (EURON). Moreover, it was distributed to all University of
Salzburg employees via an online newsletter and to the “Robot@cwe” project
partners with the request of further distribution. The survey had a two months
run time (from March 2009 to May 2009). The survey was set-up with the
online tool lime survey. In the first part participants had to watch the short
movie either about the HRP-2 or the HOAP-3 robot (the allocation was coun-
terbalanced by chance) and then answer the questions on user experience and
social acceptance and finally on socio-demographics.

A total of 398 surveys were filled in. In this remaining sample participants
were kept in the analysis if their questionnaires were completed and no suspect
data pattern was present, e.g. questionnaires with more than 10% questions
missing, patterns like 1234512345, or giving all one answers were discarded.

Participants from 37 different nations took part in the online survey. Of
the total participants who took the survey, 246 filled in the German version,
123 the English, 9 the Spanish, and 20 the French questionnaire. As the av-
erage nationality distribution across all the distribution channels is unknown
the exact numbers for the language representation cannot be fixed. It is clear
that the offered languages were not sufficient, therefore all participants could
not answer the questions in there mother tongue. The huge bias towards more
German-speaking participants can be explained by the distribution through
the University of Salzburg news letter and better mouth to mouth advertise-
ment. The bias towards English-speaking participants can be explained by
two reasons: (1) the questionnaire was not available in every mother language,
(2) even if the questionnaire was available in the mother language participants
with a scientific background preferred the English questionnaire as it is the
language of the research community.

The mean age of the participants was 29.17 years (SE : 0.438, n = 395);
the youngest participant was 19, the oldest 66 years old. A total of 47.2%
of participants were female, 52.8% were male (n=394). Participants who only
finished “obligatory school” composed 0.5%, 39.1% “highschool”, and 60.4% of
the participants had a “university degree” (n=394). Regarding the question on
the pre-knowledge in HRI, 22.6% of the participants stated that they worked or
still work in the reserach field of HRI, while 77.4% stated the opposite(n=390).
Those participants who have already taken part an HRI experiment composed
33.6% and 66.4% did not (n=393).
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5.3.1 The Context of the Survey

The distribution of an online survey on human-robot interaction based on video
data of two user studies among robotic related email lists, is a good background
and a sample of 398 participants can be considered large. However, as the par-
ticipant data in the previous section showed, this survey is not representative
in a strict statistical sense. A method to obtain a representative sample would
have been “random sampling” (e.g. picking participants randomly from a list)
or better from a so called strata, subsets of the population that share at least
on common characteristics and whose sizes reflect the actual representation in
the population (“stratisfied sampling”).

As mentioned before the survey was distributed to people with a specific
foreknowledge and interest in robotics which is likely to have injected a bias to-
wards a more positive response behavior. However, with the sampling method
used for this survey (“convenience sampling”) and the videos from the user
studies as stimulus, one gets an approximation of the truth.

Two limitations were inherent to this cross-cultural online survey due to
its set-up and procedure:

1. Language is not the only boarder between different nationalities; also
mentalities, cultures, and attitudes differ. The items of the question-
naires were in fact translated by accredited translators but a translation
can always have slight variations in meaning. E.g. the German term
“sozialer Akteur”might have a slightly different connotation than “social
actor” in English. No adaptations and modifications of questionnaire
features like content, format, or visual presentation of a question were
conducted in order to better fit the needs of a specific population in
terms of language and culture. Future work will definitely be required to
improve the survey design in accordance to cross-cultural study design
guidelines in order to limit confounding variables (e.g culturally different
response behavior) and produce more reliable and comparable data (see
Harkness et al (2003)). However, it is assumed that the words in the
questions enjoy a relative consistent meaning across the languages and
that this factor is not dominant. Thus, the results presented in the fol-
lowing sections give valuable first insights on user experience and social
acceptance for a sample with divers participating nationalities.

2. The participants for the online survey were gained by online platforms
which are used by people interested in technology in general and robotics
in specific. In other words, the participants of the online survey were
(semi) experts in the field, but were not interviewed in their role as ex-
perts, but as “normal survey participant”. The strong link between the
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interviewee’s foreknowledge and their acceptance has already been ob-
served in Hammel et al (1989) and Dario et al (1999). Participants who
knew more about robots had a more positive answering behavior. Addi-
tional information on robotics or the possibility to see or interact with a
robot, changed the mind of a majority of participants from negative or
undecided to positive. This attitude change could also be observed case
studies (see Chapter 4) and in the online survey data (see Section 5.3.2).
Data analysis and the reference model derived from the data gathered in
this online survey has to be read keeping these limitations in mind.

5.3.2 Data Analysis

The data analysis of the online survey was conducted to fulfill three aims:
(1) Reviewing the theoretical factor indicator model; (2) Developing a statisti-
cally validated questionnaires measuring user experience and social acceptance
of human-robot interaction; (3) Developing a reference model visualizing the
interrelations and correlations between user experience and social acceptance
indicators.

Factor Analysis

The dimensionality of the 15 items from the user experience measures and the
47 items of the social acceptance measure were analyzed using a maximum
likelihood factor analysis. Three criteria were used to determine the number
of factors to rotate: (1) the a priori hypothesis that the measures were not uni-
dimensional, (2) the initial statistics of the principal component analysis, and
(3) the interpretability of the factor solutions in accordance to the theoretical
USUS framework.

The principal component analysis indicated that the initial hypothesis that
the measures are not unidimensional was correct (see Figure 5.1 and Fig-
ure 5.2). Based on the principal component analysis, four factors were rotated
using a Varimax rotation procedure for the user experience measures and five
factors for the social acceptance measures2. The rotated solutions, as shown
in Table 5.1 and Table 5.2 (the tables can be found at the end of this chap-
ter) yielded four interpretable factors for user experience embodiment (EMB),
feeling of security (FS), human-oriented perception (HOP), Emotion (E) and
five interpretable factors for social acceptance: performance expectancy (PE),
effort expectancy (EE), relationship expectancy (RE), perceived competences
(PC), attitude towards robots (ATT). The user experience factors accounted

2originally five factors were theoretically assumed for user experience and eight for social
acceptance in the theoretical USUS framework see Section 3.2.
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for embodiment: 28%, feeling of security 16%, human-oriented perception 10%,
emotion 8% of the item variance. The social acceptance factors accounted for
performance expectancy 33%, effort expectancy 7%, relation expectancy 6%,
perceived competences 5%, attitude towards robots 4% of the item variance.

Figure 5.1: Principal Component Analysis User Experience

Subsequently, an internal consistency estimation of reliability was com-
puted for all user experience and social acceptance measures: Cronbach’s al-
pha. The values for Cronbach’s alpha can be found in Table 5.3, at the end of
this chapter, each indicating a satisfactory reliability. The consistency estima-
tion revealed that the two items for the scale emotion were wrongly expected
to be reverse and thus needed to be recoded again, namely these items “I would
be angry if the robot did not understand my commands” and “I would be dis-
appointed if the robot did not understand my commands”. It is recommended
for the future usage of the UX-Questionnaire to avoid questions with double
negatives and to reformulate these two questions, e.g. “I would be happy if
the robot understands my commands” and “I would be pleased if the robot
follows my commands”.
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Figure 5.2: Principal Component Analysis Social Acceptance

Differences and Correlation Analysis

General Insights on User Experience and Social Acceptance For
further analysis of the user experience and the social acceptance measures,
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one scale variable was developed for each factor. The scales were computed by
taking the mean across the according items. The descriptives for the theses
scales can be found in Table 5.4, at the end of this chapter.

Regarding the user experience of robots, it is debatable to what extent
robots, in general and in working scenarios in particular, should look like hu-
man beings. The uncanny valley theory of Mori (1970) already assumed that
the correlation “the more human-like, the better” stops at some point. Never-
theless, embodiment was best rated among all other user experience indicators.
The conclusion can be drawn that the HRP-2 robot and the HOAP-3 robot
still maintain the necessary degree of visible artificiality to be assessed posi-
tive in terms of embodiment. It seems that the two videos presented in the
online survey showed interaction scenarios in which the balance of function
and form was adequate for the participants. However, the low rating of the
human-oriented perception indicator, indicates that the participants mainly
associate robots with “classical” qualities of machines, but not with attributes
like intelligence and social skills. The low rating could also be due to the
foreknowledge of the participants, knowing there is a long way to go until the
technological development of “autonomous sociable robots”. Considering that
participants with a good image of robotics answered the questions on feeling
of security with a mean value, is surprisingly low. However, the interaction
with the robots did not seem to frighten the participants on a high degree, but
they are skeptical towards the overall safety. The mean value for the indicator
emotion indicates that the robots evoked expectations that, if not fulfilled,
could lead to negative emotions for some of the participants.

Regarding the social acceptance of robots the results show a clear ten-
dency towards traditional technology acceptance indicators, like effort, accep-
tance, and performance expectancy instead of aspects such as relationship
expectancy. These results go in line with results from the case studies. For
example, in the focus group case study (Section 4.2), participants discussed
that robots should be treated like tools and not like colleagues and created a
functional designed robot with the “Robot Building Set”), with results from
the user experience questions, and state-of-the art literature (e.g. Arras and
Cerqui (2005); Takayama et al (2008)).

It seems that a majority would accept robots in collaborative scenarios if
they increase the performance with little extra effort. The general attitude
towards robots was rated rather high, meaning that the participants are very
positive attuned towards robots. It can be concluded that robots are no longer
seen as “job killer technology”. This finding is on one hand partly due to the
sample characteristics, but on the other hand goes in line with the findings from
Arras and Cerqui (2005). The answering behavior on the indicator perceived
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competency is rather positive as well. The response reveals that participants
tend to feel skilled enough to interact with the robots presented in the videos
without the assistance of another human. However, it has to be considered
that several of the participants have previous experience with robots in their
jobs or as subjects in user studies.

More insights will be given regarding deviations in the response behavior. A
Kolmogorov-Smirnov test showed that the questionnaire data was not normally
distributed, non-parametric Mann Whitney U-tests were calculated to ana-
lyze the data with respect to six independent variables: “nationality” (expres-
sions: Asian/Western), “gender”, “age”, “profession” (expressions: worked in
HRI/not worked in HRI), “experiment” (already participated in HRI experi-
ments/never participated in HRI experiments), and “robot” (expressions:HRP-
2 robot/HOAP-3 robot).

Differences between Western and Asian Participants The fact that a
different cultural background influences the societal attitude towards robotic
systems, it is often referred to the “two robotic cultures” in the East and the
West (Hornyak, 2006). To analyze if there are differences in terms of user
experience and social acceptance between Asian and Western participants, the
variable nationality was transformed into Western (n=366) and Asian (n=22).

The analysis revealed for the user experience indicators human-oriented
perception (z = −2.76, p = 0.01) a significant difference, indicating that Asian
participants rated this indicator better than Western participants (see Fig-
ure 5.3). This result goes in line with the results of Bartneck (2008), who
could show that conventional humanoid robots (not androids) are perceived
more positively by Americans compared to Japanese.

The social acceptance rating differs significantly in terms of relationship ex-
pectancy (z = −4.21, p = 0.00) and performance expectancy (z = −2.50, p =
0.01) between Asian and Western participants. Thereby, the Asian citizens
show higher social acceptance ratings than the Western participants (see Fig-
ure 5.4).

Regarding relationship expectancy, this results support the assumption of
Kaplan (2004) who stresses that due to the fact that “artificial” and “natural”
is not strictly separated in the Asian culture as Asians can more easily imagine
to build a relationship to a robot. However, it is somehow contradictory that
performance expectancy was also rated higher by Asian participants, as the
focus on performance as a quality factor for a machine is assigned to Western
participants.

It is concluded, that this response behavior could be explained to the fact
that performance expectancy is the strongest indicator of social acceptance
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Figure 5.3: Differences UX: Western and Asian

according to the factor analysis. People with an Asian cultural background
show a higher acceptance in general (Hornyak, 2006).

Differences within Gender Regarding user experience (see Figure 5.5),
only the factor feeling of security was rated significantly different by men and
women (z = −3.17, p = 0.02). Female participants rated the indicator feeling
of security higher than male participants. This positive attitude of women in
terms of feeling of security, could be explained through the stereotype picture
of genders and technology, arguing that women are less familiar with high-
technology and robotics and thus less concerned about safety issues (similar to
the results of the two “ACE” field trials, see Section 4.9, in which participants
expected their safety for granted). This result mirrors Arras and Cerqui (2005),
but it comes as a surprise in a survey context, in which mostly women with
technological foreknowledge were expected to answer.

Further differences within gender also agrees with with the findings from
Arras and Cerqui (2005). Regarding the social acceptance indicators, several
significant differences could be identified depending on gender (see Figure 5.6).
Male participants showed a significantly higher relationship expectancy (z =
−5.46, p = 0.00) than female participants, as well as perceived competency
(z = −6.24, p = 0.00), attitude towards robots (z = −5.58, p = 0.00), perfor-
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Figure 5.4: Differences SoAc: Western and Asian

Figure 5.5: Differences UX: Male and Female
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mance expectancy (z = −5.77, p = 0.00), and a significantly more positively
rated effort expectancy (z = −2.51, p = 0.00). This tangible, more positive
attitude of men towards robots and women as the more skeptical gender group,
mirrors the results of the survey of Arras and Cerqui (2005). Thus, it supports
the claim of the authors that robotics still requires promotion to be a valuable
aid in everyday life, equally for men and women.

Figure 5.6: Differences SoAc: Male and Female

Differences between the HOAP-3 and the HRP-2 Robot The user
experience indicators embodiment (z = −4.80, p = 0.00) and human-oriented
perception (z = −4.77, p = 0.00), and emotion (z = −1.97, p = 0.05) were
rated significantly higher for the HOAP-3 robot than for the HRP-2 robot (see
Figure 5.7). These results correspond with data gathered in the “Retrospective
Think Aloud” of the respective HOAP-3 user study in which the HOAP-3
robot was often mentioned as cute and likable. However, the indicator feeling
of security was rated significantly better for the HRP-2 robot (z = −2.51, p =
0.01). This could be due to the chosen video material, as in the presented
HRP-2 user study, no direct contact interaction happened between the user
and the robot and the robot was always accompanied by an engineer to assure
the users’ safety.
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In the user study with the HOAP-3 robot, no accompanying engineer was
present and direct contact with the robot was required to solve the task.

Figure 5.7: Differences UX: HOAP-3 and HRP-2

The social acceptance indicator effort expectancy (z = −2.97, p = 0.00)
was also rated higher for the HOAP-3 robot than for the HRP-2 robot (see
Figure 5.8) which mirrors the findings from the respective user study (see Sec-
tion 4.5 and Weiss et al (2009e)), revealing that learning by demonstration is
perceived as a very natural and intuitive way of interacting which costs little
extra effort. Nevertheless, it was surprising that the effort expectancy of a
learning by demonstration scenario was rated better than by a speech com-
mand based scenario, which is often referred to as easiest way of interaction.
For the other social acceptance indicators, no significant differences could be
revealed.

Correlations with Age Regarding the independent variable “age”, no sig-
nificant correlation could be found for the user experience and social acceptance
indicators. Only the social acceptance indicator attitude towards robotics
showed a weak but significant correlation (Spearman´s rho=0.106, p=0.04,
n=395). The older the participant, the more positive the attitude towards
robots was rated.

139



Figure 5.8: Differences SoAc: HOAP-3 and HRP-2

For the roboticists, this outcome could appear as a surprise, as normally
young adults are expected to be the more positive attuned age group. Young
adults use more automation and communication technology in there everyday
life style and are attracted by the gadget character of robots considering robotic
technology as status symbol. In comparison, elders are expected to reject
robotic technology; as by acceptance they would have to admit their personal
loss of autonomy and the need of a robot, which conducts specific activities
instead of them (comparable to hearing devices).

Moreover, it is assumed that elders cannot keep track with technological
development and thus are more skeptically attuned. There is a reasonable way
to explain the positive correlation between age and attitude towards robots.
The result corresponds with the findings from Arras and Cerqui (2005) again.
The older people get, the more likely they accept robots which will assist them
in loss of independence. In other words, robots could help to maintain everyday
live autonomy and thus increase the quality of life.

Differences between “Not Worked” and “Worked in HRI” The anal-
ysis regarding the independent variable “profession” (meaning if participants
already worked in HRI or not) revealed significant differences for the user ex-
perience indicators embodiment (z = −2.33, p = 0.02) and human-oriented
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perception (z = −2.72, p = 0.01). Both indicators are rated significantly
higher by participants who have already worked in HRI (see Figure 5.9). This
again shows the impact of foreknowledge. Participants who know more about
robots, have a more positive answering behavior (see Hammel et al (1989)).

As the current tendency in the research community of HRI is to design hu-
manoid robots, embodiment is rated higher by people who have already worked
in that field. Similarly, having knowledge about the technological challenges of
implementing human-oriented perception strategies into robotic design, could
explain the significantly higher rating of this indicator by experienced partici-
pants. It is noteworthy that feeling of security is rated significantly higher by
participants who have not worked in HRI (z = −2.08, p = 0.04). This can be
explained with in a similar way as the higher rating of this indicator by fe-
male participants: Less technological background knowledge leads to a higher
feeling of security (taking security for granted).

Figure 5.9: Differences UX: Not Worked and Worked in HRI

The strong link between the participants foreknowledge and their accep-
tance of robotic technology which was already found in the data of other studies
(see Hammel et al (1989)) is also depicted in the results of the online survey
(see Figure 5.10). Participants who have already worked in HRI rated all in-
dicators of social acceptance significantly higher than participants who never
worked in HRI (all z > −2.33, p < 0.02).
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Figure 5.10: Differences SoAc: Not Worked and Worked in HRI

Differences due to Participation in HRI Experiments The analysis
revealed highly significant differences within user experience and social accep-
tance indicators, depending on whether participants had already taken part
in an HRI experiment before or not, which mirrors the results regarding the
independent variable “profession” (see above and Figure 5.11; Figure 5.12).
The user experience indicators embodiment (z = −2.59, p = 0.01) and human-
oriented perception (z = −3.50, p = 0.00) were rated significantly better by
participants who had already taken part in an HRI experiment, whereas feel-
ing of security was rated significantly better by participants who did not take
part in HRI experiments so far (z = −2.67, p = 0.01).

Furthermore, survey participants who already took part HRI user stud-
ies rated all social acceptance indicators significantly higher. They expected
higher performance (z = −7.61, p = 0.00), less effort (z = −2.69, p = 0.01), as
well as better relationship (z = −6.27, p = 0.00) when working with robots.
There also showed a higher positive attitude towards robots (z = −7.04, p =
0.00) and perceived competence (z = −6.31, p = 0.00) than the participants
who have not taken part in an HRI experiment to date. These results cor-
relate with the data gathered in the user studies, where the interaction with
the robots decreased the values of the Negative Attitude towards Robots Scale
questionnaire.
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Figure 5.11: Differences UX: Participation in HRI Experiments

Figure 5.12: Differences SoAc: Participation in HRI Experiments
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Correlations between the User Experience and Social Acceptance
To investigate the interrelations between the user experience and social ac-
ceptance indicators, correlation coefficients (Spearman’s roh) were computed
among the nine indicator scales. The results of the correlation analyses pre-
sented in Table 5.5 (at the end of this chapter), show that 52 out of the 72
correlations were highly significant (p < 0.01) and 14 were greater or equal
than 0.409. The correlations of the indicator emotion tended to be lower. In
general, the results suggest that the indicators of social acceptance and user
experience are highly interrelated, which goes in line with the opinion of some
HCI researches that user acceptance is part of user experience. Furthermore,
the results indicate towards the remark stated in Chapter 3 that the theoretical
indicators of the USUS evaluation framework cannot be viewed independently.

5.3.3 The Reference Model

The next section is based on the findings of the factor, differences, and cor-
relation analysis. The following reference model for the indicators of the user
experience and social acceptance factor of the theoretical USUS framework can
be derived (see Figure 5.13).

5.4 Reflection on the Reference Model

The initial conception of the USUS evaluation framework (see Chapter 3) was
based on a literature review and existing evaluation concepts in HRI research
to come up with relevant indicators to assess usability, social acceptance, user
experience, and societal impact in human-robot interaction studies. How-
ever, an initial attempt of setting up a theoretical evaluation framework needs
empirical validation. The eleven case studies presented in Chapter 4 had,
as their main goal, to assess the feasibility of the proposed methodological
framework to address the proposed indicators. These evaluation studies could
only partly address the interrelations between the indicators. Therefore, the
broad online survey was conducted on one hand to validate the UX- and SoAc-
Questionnaire. On the other hand to investigate the relationship between the
two concepts social acceptance and user experience.

The successful validation of the UX- and SoAc-Questionnaire as a result
provides the HRI research community with a valid tool to assess a humanoid
robot in terms of all revised indicators of social acceptance and user experi-
ence. However, even if an evaluation study should only focus on some of the
indicators, e.g. only the user experience indicator embodiment plus the social
acceptance indicators relationship expectancy and effort expectancy, the ref-
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Figure 5.13: The Reference Model
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erence model can be used. In that case, there is a need to adapt the revised
theoretical model. Consequently, the questionnaires need to be revalidated tak-
ing into account the significant correlations between the user experience and
social acceptance indicators. Processing the results of the questionnaire would
then include: First, conducting a factor analysis with a rotation component
matrix to check if the same items still “load” on the same factor. Establishing
Cronbach’s alpha for the items of each scale would be the second step. If a
construct consists of more than two statements, it can be used to test the
consequences of omitting an item (based on a theoretical solid assumption),
especially if the alpha is not high enough. Final step, calculating the scores
for each scale by averaging the scores on the items.

It will take more work to validate the complete USUS evaluation framework
than the online survey and the eleven case studies presented in this PhD thesis.
The given examples give a good indication of the possibilities of the evaluation
framework, as well as it advantages and limitations. Above all, the inter-
indicator relations and further influencing variables add to the possibilities.

The main advantage of the revised model is the conjunction between state-
of-the-art literature and an empirical proof-of-concept study which enables
other HRI researchers to conduct theory-based evaluation studies with vali-
dated measures. Thus, the model supports repetitive testing and allows sim-
ple investigation of quality factors like relationship expectancy and perceived
competence. A first attempt was made to investigate relevant influences on
the USUS evaluation framework, which is rarely done for other evaluation
frameworks, namely the influence of the six independent variables: “national-
ity” (expressions: Asian/Western), “gender”, “age”, “profession” (expressions:
worked in HRI/not worked in HRI), “experiment” (expressions: already par-
ticipated in HRI experiments/never participated in HRI experiments), and
“robot” (expressions: HRP-2 robot/HOAP-3 robot). The revised reference
model can therefore support the recruitment procedure for user studies and a
focus can be put on the data interpretation. The revised reference model can
be effectively used to compare different humanoid robots with regard to the
social acceptance and user experience indicators.

The main limitation is a need for a high number of participants if a revi-
sion of the model and the questionnaires are needed to address specific research
questions. This is inherent to the statistical procedures of the factor analysis
and Cronbach’s alpha. However, the revised reference model can still be used
for qualitative studies with a small number of participants, especially in combi-
nation with other methods proposed in the revised methodological framework
(see Chapter 6).
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Table 5.1: Factor Analysis: User Experience
Assumed
Factor

Item

Embodiment (EMB) EMB FS HOP E
EMB I liked the size of the robot. 0.503 -0.095 0.246 0.007
EMB I liked that the robot looked similar to

a human.
0.793 -0.080 0.194 -0.077

EMB I liked that the robot has human-like
features: e.g. face. ears. eyes etc.

0.873 -0.027 0.175 -0.064

EMB I liked the design of the robot. 0.598 -0.150 0.273 -0.061
Feeling of Security (FS)

FS (R)∗ I think that the robot is vulnerable to
hackers.

0.008 0.454 -0.058 -0.080

FS (R)∗ I hesitated to use the robot for fear of
making errors that will harm me.

-0.023 0.686 -0.107 -0.069

FS (R)∗ I feared to use the robot as an error
might harm the robot.

-0.039 0.658 0.287 -0.038

FS I perceived the robot as safe. -0.226 0.553 -0.415 -0.019
Human-Oriented Perception (HOP)

HOP I perceived the robot as a social actor. 0.355 -0.074 0.518 0.012
HOP I perceived that the robot is intelligent. 0.229 0.035 0.602 -0.052
C∗ The robot could become a companion

for me.
0.288 -0.137 0.487 0.045

Emotion (E)
E I would be angry if the robot did not

understand my commands.
0.056 -0.145 0.131 0.979

E I would be disappointed if the robot
did not understand my commands.

-0.150 -0.085 -0.101 0.614

Deleted Factors
FS I would feel secure when working with

the robot.
0.210 -0.581 0.410 -0.005

E I would feel afraid of the robot. 0.124 -0.594 0.028 0.061
∗C: Co-experience
∗(R): revers
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Table 5.2: Factor Analysis: Social Acceptance
Assumed
Factor

Factor/ Item PE AT RE EE PC

Performance Expectancy (PE)
PE The deployment of robots will increase my

chances of success in my job.
0.580 0.314 0.109 -0.012 0.192

PE I will solve tasks faster using robots. 0.694 0.100 0.014 0.218 -0.024
PE Robots will make my tasks easier. 0.796 0.138 0.144 0.179 0.042
PE Robots will facilitate burdensome tasks we

have now.
0.487 0.282 0.067 0.170 0.029

FG∗ Robots and humans will make a good team. 0.477 0.418 0.320 0.225 0.132
PE I would find robots in my job useful. 0.656 0.323 0.187 0.146 0.232
PE The utilization of robots will increase my

productivity.
0.768 0.272 0.139 0.214 0.111

Effort Expectancy (EE)
EE It will be easy for me to become skillful in

dealing with robots.
0.137 0.329 0.207 0.336 0.302

EE Interacting with robots will be easy to un-
derstand.

0.208 0.059 0.152 0.784 0.094

EE (R)∗ It would be difficult to learn how to handle
robots.

0.058 0.048 0.015 0.654 0.173

EE It will be easy to use robots. 0.203 0.140 0.111 0.758 0.148
EE (R)∗ Efforts to solve tasks together with robots

will be a huge undertaking.
0.108 0.141 -0.018 0.489 0.070

FC∗ There will be enough information material
available to help simplify the interaction
with robots.

0.191 0.228 0.150 0.506 0.065

Relationship Expectancy (RE)
FR∗ The interaction with robots will be a mutual

experience.
0.309 0.008 0.459 0.166 0.136

FR∗ I can imagine that I will care for the wellbe-
ing of a robot.

0.129 0.503 0.404 0.110 0.237

AT I can imagine to take a robot into my heart. 0.000 0.309 0.733 0.029 0.033
FG∗ Robots will have a similar importance as hu-

man colleagues
0.201 0.039 0.655 0.051 0.012

A∗ It would feel good if a robot was near me. 0.221 0.383 0.590 0.132 0.115
A∗ I can imagine building a special relationship

with robots.
0.055 0.294 0.798 -0.001 0.042

FR∗ The relationship with robots will be based
on the principle of give and take.

0.059 0.049 0.518 0.042 0.061

FG∗ Robots will be an important part of our so-
ciety.

0.402 0.136 0.413 0.186 0.079

Perceived Competency (PC)
SE∗ (R)∗ When a problem occurs with robots. I would

not be able to continue with my work with-
out help.

0.021 0.102 -0.037 0.111 0.549

FC∗ (R)∗ I do not have the necessary abilities to han-
dle robots.

0.149 0.139 0.050 0.052 0.685

SE∗ I could solve all problems which occurred
during the interaction on my own.

0.085 0.079 0.150 0.118 0.600

FC∗ I have the necessary knowledge to handle
robots.

0.269 0.225 0.188 0.028 0.811

SE∗ (R)∗ I could not solve a task with the help of
robots if no one was there to tell me what
to do.

-0.065 0.110 0.032 0.222 0.424

Attitude towards Robots (AT)
AT (R)∗ I would not like to work together with

robots.
0.342 0.593 0.189 0.141 0.205

FG∗ I would like to collaborate with robots. 0.406 0.715 0.341 0.208 0.149
AT Robots will make work more interesting. 0.483 0.462 0.263 0.124 0.094
AT Working with robots would be fun. 0.284 0.663 0.320 0.228 0.209
A∗ I would not like to imagine a world in which

robots were not used.
0.159 0.350 0.199 0.092 0.213

AT (R)∗ Using robots is a bad idea. 0.272 0.649 0.114 0.204 0.153
AT (R)∗ I would be afraid to employ robots at work. 0.142 0.564 0.038 0.367 0.225

Deleted Factors
(R)∗ I could not be successful while working with

robots under time pressure.
0.129 0.191 0.050 0.227 0.149

Robots will be part of our everyday work. 0.483 0.274 0.315 0.188 0.073
Humans and robots will be interdependent. 0.403 -0.003 0.313 0.048 0.093

(R)∗ I will never be able to solve a task together
with a robot.

0.280 0.319 0.101 0.325 0.145

I would be motivated to integrate robots in
my daily workday.

0.472 0.562 0.268 0.269 0.197

If problems with robots occur there would be
persons who could help me.

0.126 0.264 0.048 0.343 -0.012

(R)∗ I do not think it is necessary to employ
robots in daily working life.

0.369 0.294 0.007 0.230 0.043

∗FC: Facilitating Conditions
∗SE: Self Efficacy
∗FR: Feeling of Reciprocity
∗A: Attachment
∗FG: Forms of Grouping
∗(R): revers
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Table 5.3: Internal Consistency: UX- and SoAc-Scales
Scale Cronbach’s Alpha Items
Embodiment 0.83 4
Human-Oriented Perception 0.70 3
Feeling of Security 0.68 4
Emotion 0.72 2
Performance Expectancy 0.88 7
Effort Expectancy 0.80 6
Attitude towards Robots 0.89 7
Perceived Competence 0.78 5
Relationship Expectancy 0.80 6

Table 5.4: Descriptive Statistics: UX- and SoAc-Scales
Indicator min max mean S.E. S.D.
Embodiment 1 7 4.43 0.08 1.51
Human-Oriented Perception 1 7 2.83 0.07 1.39
Feeling of Security 1 7 3.53 0.07 1.35
Emotion 1 7 3.54 0.09 1.72

Performance Expectancy 1 5 3.21 0.05 0.94
Effort Expectancy 1 5 3.51 0.04 0.77
Attitude towards Robots 1 5 3.38 0.05 0.96
Perceived Competence 1 5 3.20 0.05 0.90
Relationship Expectancy 1 5 2.45 0.04 0.85

Table 5.5: Correlations: UX- and SoAc-Indicators
EMB HOP FS E PE EE AT PC RE

EMB roh 1.00 0.45∗∗ -0.20∗∗ -0.12∗ 0.34∗∗ 0.30∗∗ 0.43∗∗ 0.05 0.42∗∗

p 0.00 0.00 0.01 0.00 0.00 0.00 0.38 0.00
n 398 398 398 396 397 397 397 392 397

HOP roh 0.45∗∗ 1.00 -0.10∗ -0.06 0.42∗∗ 0.21∗∗ 0.39∗∗ 0.07 0.48∗∗

p 0.00 0.04 0.27 0.00 0.00 0.00 0.19 0.00
n 398 398 398 396 397 397 397 392 397

FS roh -0.20∗∗ -0.10∗ 1.00 -0.14∗∗ -0.26∗∗ -0.44∗∗ -0.41∗∗ -0.36∗∗ -0.25∗∗

p 0.00 0.04 0.01 0.00 0.00 0.00 0.00 0.00
n 398 398 398 396 397 397 397 392 397

E roh -0.12∗ -0.06 -0.14∗∗ 1.00 -0.03 -0.02 -0.05 0.05 -0.12∗

p 0.01 0.27 0.01 0.60 0.68 0.33 0.37 0.01
n 396 396 396 396 395 395 395 390 395

PE roh 0.34∗∗ 0.42∗∗ -0.26∗∗ -0.03 1.00 0.47∗∗ 0.71∗∗ 0.30∗∗ 0.56∗∗

p 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00
n 397 397 397 395 397 397 397 392 397

EE roh 0.30∗∗ 0.21∗∗ -0.44∗∗ -0.02 0.47∗∗ 1.00 0.57∗∗ 0.44∗∗ 0.40∗∗

p 0.00 0.00 0.00 0.68 0.00 0.00 0.00 0.00
n 397 397 397 395 397 397 397 392 397

ATT roh 0.43∗∗ 0.39∗∗ -0.41∗∗ -0.05 0.71∗∗ 0.57∗∗ 1.00 0.42∗∗ 0.62∗∗

p 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00
n 397 397 397 395 397 397 397 392 397

PC roh 0.05 0.07 -0.36∗∗ 0.05 0.30∗∗ 0.44∗∗ 0.42∗∗ 1.00 0.27∗∗

p 0.38 0.19 0.00 0.37 0.00 0.00 0.00 0.00
n 392 392 392 390 392 392 392 392 392

RE roh 0.42∗∗ 0.48∗∗ -0.25∗∗ -0.12∗ 0.56∗∗ 0.40∗∗ 0.62∗∗ 0.27∗∗ 1.00
p 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
n 397 397 397 395 397 397 397 392 397
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Chapter 6

Application of the USUS
Evaluation Framework

6.1 Outline of the Chapter

This chapter will in the beginning describe methodological challenges which
had to be faced during the conduction of the eleven case studies presented in
Chapter 4. Based on this, some methodological considerations will be pre-
sented which should be taken into account when applying the proposed frame-
work on other HRI studies. The scenarios on how the application can look
like, how it can be supported by evaluation guidelines, and how the framework
is positioned in the user-centered design cycle will conclude this chapter.

6.2 Methodological Challenges

The major methodological challenges which were encountered during the work
on this PhD thesis were the following:

System Functionalities: The humanoid robots investigated for this PhD
thesis offered a broad variety of functionalities. However, it is not possi-
ble in one case study to investigate all functionalities in a single experi-
mental design, as this would produce a never ending list of confounding
variables. Therefore, it is necessary to limit the functionalities of a robot
in controlled experiments. This, however, stands in contradiction with
the expectations participants have to a humanoid robot, as they expect,
for instance, that if a robot understands one voice command, it will un-
derstand voice commands in general. One has to walk a tightrope in the
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experimental design to limit the robot’s functionalities without influenc-
ing the participants’ expectations too much. Furthermore, experimental
settings should still be close enough to reality to obtain valuable results.

System Comparability: In traditional HCI studies, the comparison between
different similar systems is a common approach to conduct benchmark
studies. This approach is partly possible in Human-Robot Interaction
studies. Robotic platforms are very different in their capabilities, par-
ticularly humanoid robots, as they are task independently designed and
usable in a variety of different interaction scenarios. This offers a high
flexibility in study settings and measures to be taken. On the other
hand this limits the comparability of study results. It will still need a
lot of effort for the research field to establish common measures, metrics,
and benchmarks to ensure comparable study results and to foster the
standardization of robotic system (parts).

Observing Natural HRI: A major issue was also to gather reasonable data,
as some of the indicators of the theoretical framework were hard to col-
lect in lab settings. Thus, a lot of effort has been put in combing different
methods and in combined data analysis like the interpretation of inter-
view data together with video data analysis. However, most of the data
gathered in this PhD thesis is self-reported participant data from a re-
flective level. For future research, additional emphasis should be put on
field trails, in situ methods like physiological feedback, and testing with
autonomous robots in more loose settings.

Participant Sampling: Participant sampling was a critical issue through the
whole “Robot@cwe project”. The main criteria which always had to be
fulfilled were no pre-experience in robotics and counterbalancing in gen-
der. However, since in several of the conducted studies the participant
recruiting was taken over by project partners, the criteria were not al-
ways met exactly. A major problem was that in many cases students were
recruited (as this is easy to do for university partners), meaning it is dif-
ficult to balance education (a furtherer influence factor was the language
barrier, which is described in the following). Additionally, frequently stu-
dents from related university departments were recruited, meaning they
had no pre-experiences in robotics, but a strong background in computer
science or engineering.

Language Barrier: A big challenge in the conduction of the case studies
presented in this thesis (see Chapter 4) were the different languages the
participants spoke. Even though most of the time questionnaires were
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available in the respective mother tongue, all studies were conducted
in English or German. This precondition on one hand influenced the
characteristics of potential participants who could be recruited, as good
English or German skills were required. On the other hand, interview
data is limited in its depth to expression possibilities. It would have been
ideal if all of the experiments could have been conducted in the mother
tongue of the participants and then be translated into German as the
loss of data due to translation would have been lower than the loss due
to communication difficulties.

6.3 Methodological Considerations

The major methodological considerations which should be taken into account
when applying the framework in other research projects are summarized in the
following :

Context and Environment Factors: For a successful laboratory- based user
study, the interaction environment should realistically reflect the real set-
ting so that participants respond in a “natural” manner. As it is in some
cases not possible to place the participant in the actual interaction con-
text, like in the second user studies with the HOAP-3 robot which was
situated in a space environment (see Section 4.6). In such cases it is
important to simulate that context as close a s possible. For example,
simple cues like ambient construction site noise, supported the contextual
situatedness in the mixed-reality prototype study (see Section 4.7).

Adaptation of the Theoretical Framework: For different robots and in-
teraction scenarios/contexts, a place to start is with a qualitative ap-
proach to reshape the factor indicator model. It needs to be checked if
all required indicators are identified. In general, the selection of the robot
is a key element of successful HRI studies. Clearly, the selection must
be in accordance with the application and the domain which is investi-
gated. One step further is to investigate in a comparative study setting
if the embodiment of the robot influences other USUS indicators, similar
to the analysis of the online survey (see Section 5.3.2). Future studies
in this direction would allow to generalize the impact of USUS indica-
tors and to identify which effects are specific to particular robots (e.g.
HOAP-3 vs- HRP-2) or to robot types in general (e.g. zoopomorphic vs.
anthropomorphic).

Participant Sampling: Recruiting the right participants and having a rep-
resentative sample is a challenge all social research studies have to face.
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As it is a matter of resources (mainly participant compensation and time)
to conduct HRI studies with big sample sizes, participant profiles should
be defined as precisely as possible.

As the preliminary user study with the HRP-2 robot (see Section 4.4)
showed, even the profession of participants could have a strong influence
on the soft factors, user experience, social acceptance and societal im-
pact. To increase the sample size, video-based studies can be beneficial,
as two case studies (see Section 4.2, Section 4.3) and also the online
survey (see Section 5.3) demonstrated. Similar approaches can also be
found in literature, e.g Woods et al (2006).

Tools and Equipment: The choice of data capturing equipment is not only
crucial for the successful conduction of a user study, but also for a struc-
tured data analysis. For instance, it became obvious during the data
analysis of the second HOAP-3 user study that it is not only necessary
to determine beforehand the required video perspectives, but to ensure
that the videos can be synchronized to allow a time lined analysis of the
comprehensive video material and not only of single perspectives.

It is advisable for the data analysis of various observational data sources
(video data, screen logging data, HRV data, think aloud data etc.) to
follow a systematic time lined approach similar to the SInA approach
developed by researchers of the University of Bielefeld Lohse et al (2009).
Using this approach for the data analysis of the Human-Robot Collabora-
tion scenario with HRP-2 (see Section 4.8) allowed a more comprehensive
data analysis and thus provided the most valuable recommendations for
the engineers to improve the HRI scenario.

Experimental Settings: Difficult indicators should be addressed by a me-
thod mix. A combination of qualitative and quantitative methods along
with a combination of self-reporting measures on the reflective level and
in situ methods at the visceral level is the best ease mix. A single eval-
uation method is not sufficient to capture all relevant aspects of HRI
scenarios. Furthermore, within a single method (e.g. questionnaire, in-
terview etc.) multiple indicators should be addressed; ideally consider-
ing various factors which have rarely been done for the USUS evaluation
framework thus far.

However, the first trial in the focus group study suggested that this would
be a valuable approach to better understand the interrelations between
the indicators and to identify missing indicators. The case studies proved
that a task-based approach is valuable to investigate HRI scenarios and
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that a learning and explanation phase before the actual task conduction,
produces more meaningful data. When testing with novice users, it is
advisable to investigate an attitude change before and after interacting
with the robot.

Using the UX and SoAc-Questionnaire: All questionnaires provided in
this thesis should be checked on scale reliability and factor coherence,
described in Section 5.4. Questionnaire translations should at least be
conducted by accredited translators or, in the ideal case, by native speak-
ers of the respective language (as only native speakers know the true
meanings of phrases in their language and with the back translation
method).

Furthermore, it is recommended for the future usage of the UX-Question-
naire to avoid questions with double negatives (namely “I would be an-
gry if the robot did not understand my commands” and “I would be
disappointed if the robot did not understand my commands”) and to
reformulate these two questions, into e.g. “I would be happy if the robot
understands my commands” and “I would be pleased if the robot follows
my commands”. Moreover, for cross-cultural usage of the UX-and SoAc-
Questionnaire the adherence of cross-cultural guidelines for the survey
design is recommended (see Harkness et al (2003)).

Data Analysis: Data gathered on the theoretical framework should not be
analyzed or isolated for one factor, but possible synergies, interrelations,
and dependencies between indicators and factors should be considered.
The interpretation of quantitative data should always be accompanied by
knowledge of qualitative data and the relevant literature. Furthermore,
it is important to be aware that the results of evaluation activities are
grounded within the experimenter’s personal judgment.

6.4 Revised Methodological Framework

Choosing the right method for an indicator and composing a reasonable method
mix can be a major pitfall in the application of the USUS evaluation frame-
work. In Section 3.7 six methods were proposed to address all indicators of
the theoretical framework. Based on lessons learned in the case studies and
the general considerations and challenges a revised methodological framework
can be proposed (see Table 6.1).

The revised methodological framework takes into account the theoretical
reference model from Figure 5.13), including the assignment of methods to
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indicators which were already investigated in terms feasibility by means of the
eleven case studies (see Chapter 4), and newly proposed methods. Approved
methods are marked with an X and novel methods which still need to be
approved in future work, with an N.

However, it is essential for the newly proposed methods (just as much as
it was for the originally proposed ones) to adapt them to the evaluation con-
text and the system capabilities. Similarly also the newly proposed methods
should not be used as stand-alone methods, but in combination with others to
achieve a balanced method and indicator mix. All newly proposed methods
are described in more detail in the following sections.
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6.4.1 Participatory Design

Due to the success of the “Robot Building Set” for assessing the user experience
indicator embodiment and due to the fact that user-centered design proved its
value for HRI in general, participatory design is added as a novel method-
ological approach to the framework. Participatory design is a methodological
design approach which is also called the “Scandinavian approach” in HCI (as
it was developed by Scandinavian researchers). In this approach designers de-
velop new systems together with potential users in a playful manner. Thus,
this approach enhances the communication and teamwork through shared en-
joyment of working in a game-like setting and it improves the knowledge about
the user requirements.

Application

Participatory design should be integrated in a very early phase of the design
process, as it should foster the mutual learning process between all active
participants, such as engineers, computer scientist, psychologists, and potential
users. For this design approach low- as well as high-fidelity prototypes can be
used to enhance the user involvement, such as videos, mixed-reality prototypes,
and mock-ups. Storytelling techniques and creativity techniques can be used
for developing and iterating the prototypes.

Advantages and Disadvantages

This method could offer the designers of HRI scenarios new insights, leading to
the improvement of user experience indicators, such as embodiment, human-
oriented perception, and co-experience. However, a major limitation of this
method is that it only reveals qualitative design suggestions and no measurable
quantitative results.

6.4.2 Focus Groups: World Cafè Approach

The world cafè approach is an approach similar to that of a focus group. It
is a conversational process based on a set of integrated design principles (for
more details see http://www.theworldcafe.com/what.htm). This specific form
of discussion groups could give additional insights on the social acceptance
and user experience indicators. Moreover, if the focus of the world cafè is the
development of an imaginary narrative of the “future robotic society”, it could
be a valuable approach to investigate the indicators of societal impact.
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Application

In a world cafè setting all participants are sitting around discussion tables (4-5
participant for each table, at least 3 tables). The table is covered with flip chart
paper, therefore participants can take notes during the discussion. In one world
cafè session (lasting between 15-30 minutes) each table discusses one topic or
question, which was presented by the world cafè moderator beforehand. After
each session the participants move to another table. Only the table host stays
at the same table, to summarize the discussion results of the previous group
for the next participants. A world cafè ends, after all participants talked about
all topics and the table hosts presented the overall table results to the group.

Advantages and Disadvantages

The world cafè is a suitable method for getting a discussion about open ended
questions started. It is also suitable to reflect on topics. The method is
especially effective, if the discussion groups are heterogeneously composed.
The disadvantages of the method are similar to those of the focus group method
(see SubSection 3.7.5): Only the opinion of a small group of people can be
represented and it is highly important to select a representative sample for a
successful discussions. Furthermore, good facilitation skills of the table hosts
are required to communicate the contributions of the previous participants.

6.4.3 User Study Analysis

As mentioned already in Section 6.3, the SInA approach Lohse et al (2009) is
recommended to analyze behavior observation data gained in user studies. It
also allows the combined analysis of several synchronized video perspectives
and physiological data.

Application

The SInA approach is based on a three step procedure. First, an interdisci-
plinary team of researchers takes a look on the video material gathered during
a user study. They perform an interaction analysis to reveal the relevant in-
teraction episodes. Based on this a task analysis can be conducted to identify
“prototypical interaction sequences”. In a second step, cases which deviate
from the prototypical interaction sequences are determined and “deviation
patterns” are defined. Based on the quantification of the prototypical inter-
action sequences and the deviation patterns, implications for design can be
derived to cope with interaction problems.
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Advantages and Disadvantages

The SInA approach is very useful for a systematic analysis of observational
data, gathered in user studies. It helps to bridge the gap between evalua-
tion and implementation, as guidelines for the next iteration can be directly
derived, by comparing prototypical interaction sequences with deviation pat-
terns. The main disadvantage is that the approach is very time consuming due
to the required annotation of video material by an interdisciplinary research
team. Moreover, the critical point is that the coding scheme for the video
annotation needs to be interpreted as similar as possible by all researchers
to guarantee a valid identification of prototypical interaction sequences and
deviation patterns.

6.4.4 Questionnaire on Societal Impact

Regarding societal impact an improvement would be the development of a
standardized questionnaire to measure the effect of robots on society. A first
step into this direction was already undertaken in the FP6 EU-Project “Robot-
@cwe:Advanced robotic systems in future collaborative working environments”
Weiss et al (2009g). However, the first developed questionnaire was only a pre-
test with ten employees of the DRAGADOS company. After an iteration of this
questionnaire a bigger survey should be conducted to check the scale reliability
and validity.

Application

The ideal application for a structured questionnaire on societal impact would
be a context, in which robots are already introduced for collaboration. This
context would allow getting insights on societal aspect from a perspective of
experienced users.

Advantages and Disadvantages

The usage of a questionnaire on “societal impact of robots” in a working con-
text could, on one hand, provide a large scale sample size and thus allow an
in-depth statistical data analysis. On the other hand, it has to be considered
that the survey context could bias the results, as employees could feel forced
to give socially desired answers, therefore they will not get unemployed.
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6.5 Guideline-based Application Process

As already pointed out in objective four of this PhD thesis, a major focus is
put on the facilitation of HRI evaluation that goes beyond usability assessment
and actually takes into account the holistic interaction experience of human-
robot interaction. In the following, guiding research questions are provided for
each indicator, which should support other researchers in the application of
the theoretical and methodological USUS framework. Theses guiding research
questions should assist researchers with the planning, design, execution, and
data analyzes of human-robot interaction.

6.5.1 Guiding Research Questions: Usability

1. Effectiveness: Are the means of interaction provided by the robot effec-
tive for the human?

Determine the relevant tasks the user should be able to perform
with the robot and offer the required functionalities, there-
fore the user can carry them out. Assess the effectives of the
human-robot interaction scenario, e.g. with measures such as
“success rate”, “error rate”, and “task completion rate”. Al-
ternatively, you can use expert evaluation methods.

2. Efficiency: Do the provided means of interaction allow efficient task solv-
ing for the human?

Provide intuitive input modalities, therefore the user can solve
the tasks in a resource-saving way. Assess the efficiency with
measures such as “task duration” and “required clicks”. Al-
ternatively, you can use expert evaluation methods.

3. Learnability: How easy can the human learn the interaction with the
humanoid robot?

Provide an intuitive, easy to learn interaction paradigm, which
fits the human-robot interaction scenario ( e.g. speech interac-
tion is not necessarily the ideal choice for every scenario). Use
expert- or user-based evaluation methods to assess the users’
cognitive load during the interaction.
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4. Flexibility: Does the robot allow enough ways for solving a collaborative
task?

Provide several ways how users can complete a task, to sup-
port various mental models. Use expert- or user-based eval-
uation methods to assess the flexibility of your human-robot
interaction scenario and to identify other possible completion
strategies for the defined tasks.

5. Robustness: Does the robot system provide enough support for the user
to successfully solve a collaborative task?

Provide the users with help functionalities, which support them
in recovering from errors without the help of an expert. As-
sess, if the visibility of the system status allows the user to
recover, by means of expert evaluations. Moreover, investigate
by means of user studies, how users solve interaction problems
in complex situations.

6. Utility: Is it possible to achieve planned collaborative tasks with the
robot in terms of the provided functionalities?

Compile a list of all required functionalities that your human-
robot interaction scenario should support. Iterate this list
during your user-centered design approach, to close the gap
between evaluation and implementation.

6.5.2 Guiding Research Questions: Social Acceptance

1. Performance Expectancy: To which degree do the users believe that the
collaboration with the robot improves their work?

Bear in mind that performance expectancy is a key aspect of
social acceptance in collaborative interaction scenarios. Try to
assess peoples’ expectations with qualitative approaches, such
as focus groups or interviews. Moreover, try to assess the
degree of performance expectancy after the interaction with a
robotic systems, e.g. with a questionnaire.
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2. Effort Expectancy: To which degree does the human believe that the
collaboration with the robot is free of extra effort?

Effort expectancy is a similar important indicator for social
acceptance as performance expectancy. It should be assessed
at early stages of the development process by means of qual-
itative methods, as well as after a user study, e.g. with a
questionnaire.

3. Attitude toward Using Technology: Will the general attitude towards
technology have an influence on the collaboration with the robot?

Try to assess the attitude change of users before and after
interacting with a robotic system, e.g by means of the NARS
questionnaire (SubSection 3.7.3). Take into account that age
has an influence on the attitude. Older participants often show
more positive attitude ratings.

4. Perceived Competence: To which degree does the human perceive him/herself
as competent to collaborate with the robot?

Characterize your user profile as detailed as possible for your
human-robot interaction scenario. Try to stick as close as pos-
sible to your user profile when you are recruiting participants
for a user study. Try to assess the perceived competence with
qualitative methods as well as with questionnaires, taking into
account, that this indicator summarizes aspects of self efficacy
and facilitating conditions:

• Self Efficacy: Will the self efficacy have an influence on
the collaboration with the robot?

• Facilitating Conditions: Will the facilitating conditions
have an influence on the collaboration with the robot?

5. Relationship Expectancy: To which degree does the human expect to
establish a relationship with the robot?

Take into account that relationship expectancy is less impor-
tant for collaborative scenarios, than e.g. for a assistive sce-
nario. However, try to assess by means of qualitative and quan-
titative approaches in how far users can imagine to establish a
relationship with the robot. This could give you insights about
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the sustainability of the collaboration. Bear in mind that re-
lationship expectancy is composed of the indicators forms of
grouping, attachment, and reciprocity:

• Forms of Grouping: To which degree does the human feel
to carry out a task in a team with the robot?

• Attachment: Does the robot support a feeling of attach-
ment?

• Reciprocity: Does an experience of reciprocity between
the human and the robot evolve?

6.5.3 Guiding Research Questions: User Experience

1. Embodiment: Is a “biologically inspired” designed robot preferred for
the task in comparison to a “functionally designed”one?

Independently of the embodiment of robot in your interaction
scenario, try to identify, if the chosen embodiment is perceived
as ideal for the scenario by you potential users. This can be
done by creative techniques, such as participatory design, but
also with standardized questionnaires.

2. Emotion: Which emotions does the robot evoke during the interaction
with the human?

Emotion is a key aspect of user experience. Try to take this
indicator into account by a variety of methods (qualitative
and quantitative), like interviews, questionnaires, and as well
physiological measurements. Try to identify which emotions
(positive or negative) the robot evokes and in how far they
influence other evaluation indicators.

3. Human-Oriented Perception: Does an interaction based on paradigms of
Human-Human Interaction (HHI) support the collaboration?

Perform comparative user studies (e.g. Wizard of Oz studies)
in which you analyze the impact of different HHI cues (e.g.
gaze, gestures, and turn taking) on the interaction. Moreover,
assess the degree of human-oriented perception after a user
study, to review your implementation of the cues.
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4. Feeling of Security: Does the human feel secure during the collaboration
with the robot?

Perform field trials with autonomous robots to achieve the
most reliable data on feeling of security. Questionnaires, as
well as physiological measures, can be used to evaluate this
indicator. Moreover, bear in mind that feeling of security is
closely related to feeling of control, an indicator which can be
reasonably assessed by qualitative methods, such as interviews
after a user study, as well as with standardized questionnaires.

5. Co-Experience: What kind of co-experience arises in collaboration with
robots?

Perform interviews and surveys after user studies to explore,
if a feeling of co-experience evolves in the interaction with
the robot. Try to identify cues that foster the feeling of co-
experience and implement them into your system to increase
the sustainability of human-robot interaction in collaborative
scenarios on the long term.

6.5.4 Guiding Research Questions: Societal Impact

1. Quality of Life, Health, and Security: How do human-robot interaction
scenarios have to be prepared in order to not influence quality of life,
health, and security of citizens in a negative way?

Determine human-robot interaction scenarios which positively
influence the quality of life of the targeted user group (e.g. by
means of the world cafè approach Section 6.4). Therefore, take
into account the knowledge about peoples’ imaginaries about
the “future robotic society” and cultural specific requirements.
Assess the users’ perception of quality of life by means of qual-
itative methods, such as interviews (e.g. after a user study) or
with questionnaires (in a robot related context).
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2. Working Conditions and Employment: How does the collaboration with
robots impact working conditions?

Try to identify relevant areas in working life which could change,
due to your human-robot interaction scenario. Discuss with
experts and users the possible impacts robots could have on
these identified areas. Derive implications for the design of
your interaction scenario to limit negative effects.

3. Education: How do new types of education have to be designed to cover
the new requirements in the working life?

Try to identify required training phases in your human-robot
interaction scenario and integrate them into your experimen-
tal setting of a user study. Discuss with participants how
they could imagine a future education system with regard to
robotics and integrate the derived knowledge in your system
design, with respect to the foreknowledge of your users.

4. Cultural Context: Does the collaboration with robots have an unequal
impact on different cultures?

Try to conduct comparative studies (surveys, user studies, fo-
cus groups) to determine cultural differences in the interaction
with robots. Take into account research guidelines of cross-
cultural studies to ensure the comparability of your gathered
data.

These guiding research questions should assist other researchers in deter-
mining the relevant aspects when applying the USUS evaluation framework.
However, for a successful application of the framework it is also relevant to
take into account the phases of the user-centered design cycle, which will be
described in the following Section 6.6.

6.6 Integration into the UCD Cycle

User-centered design, as described in detail in Chapter 2, is an iterative design
process which should give guidance throughout the entire design life cycle of
an interactive system. Some of the major points user-centered design focuses
on are:

1. Involving the potential end-users throughout the design life cycle to en-
sure their needs are adequately addressed.
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2. Understanding the context in which the interactive system will be used.

3. Understanding the capabilities of both the interactive system and the
user.

While this standard provides a general framework for interactive robot
design, it does not provide practical guidelines how to apply it. Additional
to the general user-centered design framework with its focuses, the integration
of theUSUS evaluation framework can be included and employed iteratively
throughout the user-centered design cycle. The focuses of the USUS evaluation
framework in the user-centered design cycle are:

1. Assess multiple factors (operationalized into indicators) throughout the
design cycle.

2. Combine qualitative and quantitative methods (self-reporting and in situ;
user-based and expert-based).

3. Evaluate the attitude change of the user throughout the design cycle.

In HCI, it has become more and more popular in the last years to evaluate
factors of technology usage going beyond usability, such as user experience and
user acceptance. Several studies in HRI also have been conducted following a
user-centered design (see SubSection 2.2.1). However, the core element of the
USUS evaluation framework is to integrate human responses to Human-Robot
Collaboration scenarios as early as possible into the design cycle by means
of adequate method usage. This is important as it is hard to change robotic
physical hardware and input/output modalities in a late phase of the design
cycle. Furthermore, the design of Human-Robot Collaboration scenarios with
humanoid robots is until now an ongoing process, meaning that the stage of
a formative evaluation is only achieved in the latest cases, thus, user-centered
design is even more prominent.

The application of the USUS framework as demonstrated by means of the
case studies in Chapter 4, demonstrated that it is possible to integrate users
by means of qualitative approaches. Integrating focus groups or even quan-
titative prototypical mixed-reality experiment in an early development stage
can thereby address more evaluation goals than only usability problems.

During the application of the USUS evaluation framework, if it becomes
apparent that some evaluation indicators or even complete factors are nega-
tively assessed in a human-robot interaction study, it is important to figure
out why and to recommend solutions that do not negatively impact other in-
dicators/factors. A core element of the application of the USUS framework
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is the attempt of the interpretive understanding of human-robot interaction
in order to thereby arrive at a causal explanation of its course and effects (in
accordance to Max Weber’s definition of Sociology). For example, in one of
the case studies, one participant stated that she would never want to have a
robot in a teaching role and mentioned an above average number of reasons
for that. In the interpretation of the data, it could be seen that the partici-
pants was also afraid of robots increasing the unemployment rate; as having
the profession of a primary school teacher. In another case study, one partic-
ipant needed an extremely high task duration to solve a task successfully. In
the final interview, it was explained that the participant was used to computer
games with force feedback and expects a robot (which is a kind of technology
that is much more sophisticated as a computer game) to have force feedback,
even though nobody asserted that the robot has it.

The general application of the USUS evaluation framework within a user-
centered design cycle could look like the following (see Figure 6.1):

Figure 6.1: Application of the USUS Evaluation Framework

1. The need of the USUS evaluation framework needs to be identified. Is
it the project’s goal to go beyond classical performance measures like
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precision, robustness, reliability etc. and include aspects like user sat-
isfaction or societal impact? Are there any scenarios envisioned where
robots enter human’s everyday life and humans and robots have direct
contact interaction?

2. The first requirement analysis should be preferentially conducted with
qualitative methods like interviews and focus groups investigating the
soft factors of the USUS framework (user experience, social acceptance
and societal impact) to better understand the target group. The results
of this phase should be taken as input for phase 4.

3. If a need for the USUS evaluation framework is identified, the context-
of-use of robotic technology has to be identified. Is it a sensitive private
setting or is it a public work setting? How many users and robots are in-
volved in the interaction scenarios? Which type of robot is investigated,
e.g. humanoid, zoopomorohic, or even robotic body extensions? In ac-
cordance to the definition of the context-of-use, the theoretical (and sub-
sequently probably the methodological framework needs to be revised).
For instance, indicators like human-oriented perception or performance
expectancy are not ideal when investigating child-robot interaction with
zoopomorphic robots. In this phase of the life cycle, the target group also
has to be defined. Are novice users, elderly, children or even tele-surgery
experts the main point of interest?

4. The fourth phase is based on the interaction scenarios defined in the third
phase. Currently, existing robotic platforms can be used and evaluated in
lab-based settings which are experimentally design in accordance to the
scenarios. Quantitative instruments like questionnaires and physiological
measurements can be used to assess a first baseline for the theoretical
indicators.

5. In the fifth phase, novel platforms or interaction paradigms can be proto-
typed in accordance to the findings from the evaluation studies conducted
in phase 4. As result of this a phase, an ideal typical demonstration for
the defined interaction scenarios should be developed.

6. In the last phase, the final demonstration should be assessed and bench-
marked against the evaluation results gained in the pre-studies.

7. If the requirements are satisfied, the technical development will continue
to implement the robotic systems in everyday life situations. However, if
further huge technological changes influence this procedure a next USUS-
guided user-centered design cycle can be initiated.
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Chapter 7

Discussion and Outlook

7.1 Discussion of the Evaluation Framework

Humanoid robots encourage social interaction and stimulate a unique interac-
tion experience which is different from “normal” interactive technology. The
field of social science, HCI, and also HRI provide several validated evaluation
methods to assess several aspects of the interaction with robotic systems. Lit-
tle work has been done so far to investigate methodological limitations and
to provide an evaluation framework that targets the holistic and contextual
nature of human-robot interaction. The overall goal of this thesis was to in-
vestigate evaluation approaches from a human-centered HRI view point and to
offer a more holistic evaluation strategy for this research area. In the following
sections it will be summarized in how far the research objectives were met in
this PhD thesis. The following four research objectives were derived:

1. Proposing a theoretical and methodological framework for evaluating us-
ability, social acceptance, user experience, and societal impact for work-
ing scenarios with humanoid robots.

2. Assessing the feasibility of the proposed evaluation framework by means
of empirical case studies.

3. Developing a reference model for USUS evaluation framework to reveal
interrelations between the factors and indicators of the evaluation frame-
work.

4. Providing guidelines for the application of the proposed framework to
support other evaluators.
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7.1.1 Objective 1: Evaluation Framework

The aim to set up a unified evaluation framework for human-robot interaction
with humanoid robots in a collaborative work scenario was achieved by propos-
ing the USUS evaluation framework (see Chapter 3 and Weiss et al (2009a)).
The main goal of the USUS evaluation framework was to guide Human-Robot
Interaction research on how people experience robots as a support for collabo-
rative work and accept them as part of society. Thus, the framework should go
beyond traditional usability issues and open the view towards bigger concepts,
like user experience, acceptance and impact factors.

The framework was set up as a multi-level factor/indicator evaluation
model consisting of a theoretical framework covering four main factors: us-
ability, social acceptance, user experience, and societal impact. In addition
a methodological framework proposing a variety of methods to address these
factors. In the first proposal, the four evaluation factors, the USUS factors,
were split into several indicators to operationalize them, based on a intense
literature review taking into account not only HRI literature, but also HCI
literature, psychological and sociological literature. The combination of the
HCI literature and sociological literature, for instance, enabled the develop-
ment of the social acceptance indicators, including aspects like attachment and
reciprocity. The inclusion of post-humanism literature allowed a structured
definition of relevant key aspects to investigate imaginations of the impact of
robotic technology for the future society.

The definition and description of the factors and indicators set the focus
on HRI specific evaluation problems, e.g. user studying human-robot inter-
action with novice users. Additional examples involve, investigating social
acceptance with different cultural backgrounds and investigating users’ expe-
riences with differently embodied robots. However, the first proposal of the
theoretical USUS evaluation framework was based on generating reasonable
indicators without taking into account their interrelations. A strict separation
between the indicators (and even the factors) was never assumed, but it was
a relevant precondition to set a baseline for an unbiased exploration of these
interrelations.

The proposal for the methodological framework derived from methods
which are already used in HRI (see Chapter 2) but also from methods neigh-
borhood disciplines like HCI, psychology, and sociology. Regarding usage of
evaluation methods, the USUS evaluation framework proposes a method mix,
taking into account the advantages and limitations of evaluation techniques.
The use of multiple methods helps to establish reliable results, in particular
if methodological adaptations are made to meet the specific requirements of a
study setting.
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As Chapter 2 showed, developing frameworks for HRI research is nothing
new, but the central point of this PhD thesis was to combine the theoret-
ical and methodological state-of-the-art perspectives in HRI. The theoreti-
cal framework itself does not address only unique human-robot interaction
evaluation factors. However, the methods and instruments proposed in the
methodological framework assure targeting the indicators from a HRI-centric
perspective. The approach of the USUS evaluation framework closes the gap
in HRI research that human-robot interaction needs to be assessed in holistic
view at all stages of the development process of robotics systems by researchers
and engineers coming from various disciplines. Thereby, the theoretical frame-
work offers the theory-guidance which is relevant to avoid evaluation studies
“out of the blue” and the metrics and methods to generate reliable data and
reproducible study settings.

7.1.2 Objective 2: Feasibility of the Framework

The feasibility of the USUS evaluation framework could partly be proved by
eleven case studies (see Chapter 4) and a broad online survey (see Chap-
ter 5). These studies took place during the three year project duration of
the EU-funded FP6 project “Robot@cwe: Advanced robotic systems in future
collaborative working environments” and gave insights on the theoretical as
well as on the methodological framework. Each case study can be seen as a
building block regarding the assessment of the suitability of the methods, ini-
tially proposed in the USUS evaluation framework. Lessons could be learned in
all of the studies, in terms of required methodological adaptations for human-
robot interaction studies. More details for each case study are given in the
following sections.

The first case study (see Section 4.2 and Weiss et al (2009h)) used a qual-
itative focus group approach to investigate user experience and social
acceptance factors. Only videos were used as discussion stimulus and a
“Robot Building Set” was used to investigate the indicator embodiment.

The methodological adaptation used in this case study could show the
high value of qualitative approaches to gain a better understanding of
people’s expectations, hopes, and fears regarding robots as working col-
leagues in which a “real” robot is not even used. Similarly, the creative
“Robot Building Set” approach demonstrated a novel and easy way of
exploring the desired embodiment for a human-robot interaction sce-
nario. Thus, it could be proved that the USUS evaluation approach can
be integrated into the very beginning of the user-centered design cycle of
robotic systems. However, it still needs to be investigate in how far the
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type of robot used in the video stimulus and the sociocultural context of
the participants influences the results of the focus group approach.

The second case study (see Section 4.3 and Weiss et al (2009f)) was based
on an expert evaluation methods adapted from HCI, the heuristic evalu-
ation. The main adaptation of the method laid in the use of video scenar-
ios for remote evaluation guided by an evaluation manual and that the
evaluators were not usability experts, but interdisciplinary HRI experts
(engineers, psychologists, computer scientists etc.).

It could be shown that this expert evaluation approach was valuable to
identify severe usability problems in human-robot interaction scenarios.
This approved the suitability of the USUS evaluation framework for early
stages of the user-centered design cycle. Moreover, video-based evalua-
tion approaches can be more economical than in situ studies, as they
can be conducted remotely. The evaluation manual turned out to be the
critical aspect of this methodological approach. However, further devel-
opment of such evaluation manuals will decrease the amount of study
results with limited reliability in future HRI studies.

The third case study (see Section 4.4 and Weiss et al (2009c)) was the first
laboratory-based user studies in which usability measures like task com-
pletion and task duration were assessed in combination with a “Retro-
spective Think Aloud”, questionnaires, and interviews.

Even with a small sample size of only four participants, a tendency could
be seen for the feasibility of the multiple method approach. Particularly,
the linking of the questionnaire data with the interview data facilitated
the clustering and interpretation of the data. The suitability of the At-
trakDiff and SUS questionnaires to assess human-robot interaction sce-
narios could also be proved in this study. Two major critical aspects for
human-robot interaction studies could be identified in this case study:
interaction only based on speech commands was not experienced as col-
laboration for the participants and feeling of security can only be partially
assessed in laboratory-based studies, as participants expect their safety
as granted.

The fourth case study (see Section 4.5 and Weiss et al (2009e)) used the
same user study design as the previous case study but for a completely
different interaction scenario (learning by demonstration) which was the
first indication of the flexibility of the USUS evaluation framework.

Due to the bigger sample size of twelve participants, more usability prob-
lems could be identified and a wider responses spectrum in the interview
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data could be achieved. However, this study revealed that training phases
could improve the study setting of human-robot interaction studies and
should be integrated into the user study methodology.

The fifth case study (see Section 4.6 and Weiss et al (2009f)) again used
the same user study design but for a human-robot interaction scenario
in which the robot was remote controlled via a computer interface and
guided through a maze (representing a moon environment). No direct
contact interaction happened between the user and the robot, but the
human experienced the navigation on the moon though the “robot’s eyes”
which was considered as close collaboration by the participants. In this
case study, a training phase was integrated in the study set up.

In general, this case study gave the second indication for the flexibility
and feasibility of the USUS evaluation framework as it could be applied
successfully in a human-robot interaction study without direct contact
interaction and voice control. Moreover, this case study gave valuable
insights on the importance of the simulation of context factors for user
studies and that the tasks need to be demanding enough to generate
representative and comparable results. An additional lesson learned from
this case study was the relevance of time-aligned analysis (in which the
video material of the robot’s movements, the participants behavior and
the clicks on the interface can be synchronized) to identify the reasons
for usability problems.

The sixth case study (see Section 4.7 and Weiss et al (2009b)) also used the
same user study design for a mixed-reality prototype scenario in which
the robot was only simulated and displayed on a projection wall. In this
study, it was explored how different interaction techniques influence the
perception of the robot. The interface between the real and the simu-
lated world was a board with which the user could interact with the robot
and different feedback modalities were implemented (visual, auditive and
haptic). The reaction of the robot was completely controlled by a hu-
man wizard. Nevertheless, the interaction scenario could be reasonably
assessed with the USUS evaluation framework.

However, the study revealed the relevance of a high-fidelity of the proto-
type and the simulation of context factors (e.g. ambient construction site
noise) to allow a reasonable application of the USUS evaluation frame-
work. The findings of an evaluation study like this one might not be
generalizable/identical for the same scenario with the actual robot, but
they can be a valuable indication e.g. which feedback modalities to focus,
if the goal is to improve user experience aspects.
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The seventh case study (see Section 4.8 and Weiss et al (2009g)) was the
largest laboratory-based user study presented in this PhD thesis. In this
study, a collaboration scenario in which the human had to pick-up, carry,
and put down a table together with the HRP-2 robot was investigated.
Half of the study participants had a Western cultural background and
the other half, an Asian cultural background. All evaluation indicators
were addressed during the study with eleven different instruments.

The case study proved the high value of the theoretical guidance of
the USUS evaluation framework as research questions on differences
in experience and acceptance due to cultural background could be de-
rived. Moreover, the feasibility of the methodological framework could be
demonstrated in terms of the combination of questionnaires with phys-
iological data to overcome the issue of socially desired answers, as par-
ticipants hardly can manipulate their nervous system. The arousal fea-
ture calculated based on heart rate data made visible which moments
during the interaction caused an arousal (which was similar for almost
all participants independent of their cultural background), whereas the
questionnaire revealed a significantly higher ratings regarding emotions
for Western participants (which could be due to the understatement re-
sponse behavior of Asian participants).

The eighth and ninth case study (see Section 4.9 and Weiss et al (2008,
2010)) was conducted as a field trial with the ACE robot with the aim
to investigate social acceptance and societal impact in a natural set-
ting. In these studies, the ACE robot was integrated as social actor in a
public place without an warning for the pedestrians. Both studies were
conducted as sociological breaching experiments in combination with a
street survey which was introduced as novel research approach in the
field of Human-Robot Interaction.

The case studies showed the suitability of the USUS evaluation frame-
work for human-robot interaction evaluations “in the wild”. It closed the
methodological gap of how to assess social acceptance indicators which
can hardly be observed in the laboratory, as forms of grouping and per-
ceived competence. However, also the limitations of this type of field
trial became obvious, such as participant sampling and socially desired
response behavior in the street survey.

The tenth case study (see Section 4.10 and Weiss et al (2009g)) was the
second proof that expert evaluation methods from HCI, this time the
cognitive walkthrough approach, can be reasonably adapted for the as-
sessment of human-robot interaction. Again, video-based scenarios de-
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rived from case study 3 (Section 4.4) and case study 4 (Section 4.5) were
used as evaluation basis. A group of expert evaluators walked through
these video scenarios to identify usability problems with a special focus
on learnability issues.

The advantages of repeating single video sequences as often as required
by the expert evaluators to identify the reasons for usability problems
supported the process of proposing design alternatives. Providing the
evaluators with scenario cards helped them to be aware of the evaluation
context. However, this case study showed that it is valuable to include
one expert into the evaluation team who was also part of the experi-
ment from which the video-based scenario was derived. Regarding the
USUS evaluation framework, the case study demonstrated how expert
evaluation methods can also be reasonably used in later stages of the
user-centered design cycle. The cognitive walkthrough approach can be
adapted in a way to analyze learnability in HRI and that the theory-
guided focus on a single evaluation indicator can close explanatory gaps.

The eleventh case study (see Section 4.11 and Weiss et al (2009d)) was a
row of in-depth interviews (taking into account the Delphi approach)
conducted with robotic experts from industry with the aim to gain more
insights about the indicators of societal impact. This case study showed
again the importance of qualitative methods in the USUS evaluation
framework to guarantee in-depth data about “societal phenomenas” be-
sides pure performance data of robotic systems. Having the opinion from
experts from very diverse fields, opened the view for “future robotic so-
ciety” imaginations.

Moreover, the expert opinions proved to be complementary to the par-
ticipants’ assumptions in the user studies and were not redundant. The
case study revealed the tendency that a Delphi approach could generate a
very clear picture of the future robotic society. However, methodological
limitations became obvious, e.g. generating a common understanding of
the term future or bridging knowledge gaps from one industry expert to
the other. Thus, another method was proposed for the iteration of the
methodological USUS evaluation framework: the world cafè approach
(see Chapter 6).

In general, the case studies showed that the first proposed USUS evaluation
framework was suitable for evaluation studies at all levels of the user-centered
design cycle, as it combines expert evaluation approaches with user-based eval-
uation studies. Furthermore, it combines qualitative approaches (focus groups,
in-depth interviews, and expert evaluation) as well as quantitative approaches
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(task duration and completion rate, pre-structured questionnaires, and physi-
ological measurements). The case studies proved that the context dependency
of the framework is rather low but the adaptation of the methods is a key
element for successful evaluation studies. The framework can be used for user
studies with autonomous systems and also Wizard of Oz studies in both lab-
and field-based settings.

All eleven case studies revealed advantages, limitations, and lessons learned
for future HRI study settings. However, the feasibility of the USUS evaluation
framework could only be proved by means of the case studies (see also Sec-
tion 4.12). They could show that the originally proposed methods (if adapted
reasonably) can be used to evaluate the respective indicators, but they could
not prove if these methods are best to achieve the most accurate results. Fu-
ture comparative studies will be necessary to approve this. Moreover, it cannot
be guaranteed that the method mix, which was successful for the interaction
scenarios presented in this PhD thesis, can work for all kind of interaction
scenarios, e.g. children interacting with zoopomorphic robots in a therapeutic
context. Another limitation in the proof of feasibility is that the indicators of
user experience and social acceptance were mainly assessed by means of ques-
tionnaires. Other methods should be considered and tested for these factors
in future.

The main issue remaining after the empirical validation of the USUS eval-
uation framework is that the completeness neither of the theoretical nor of the
methodological framework can be guaranteed in terms of factors, indicators
and methods. However, the case studies showed that human-robot interaction
studies can be challenging regarding theoretical grounding and methodological
set up, but also very rewarding, if they are planed in detail and in accordance
to a theoretical basis and lessons learned from previous studies.

7.1.3 Objective 3: Reference Model

The interrelations between the evaluation factors and indicators could be re-
vealed only for the user experience and social acceptance indicators by means
of a cross-analysis of the quantitative data gathered in a broad online survey
with the UX- and SoAc-Questionnaire (Section 5.2).

The online survey provided a huge sample size (n=398) which allowed the
prove of the questionnaire scales (and thus the prove of the factor/indicator
model) in terms of reliability and validity by factor analysis and Cronbach’s
alpha. Furthermore, the interrelations between the indicators were analyzed
by means of correlation coefficients (Spearman’s roh) and the influence of six
independent variables “nationality” (expressions: Asian/Western), “gender”,
“age”, “profession” (expressions: worked in HRI/not worked in HRI), “exper-
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iment” (expressions: already participated in HRI experiments/never partici-
pated in HRI experiments), and “robot” (expressions: HRP-2 robot/HOAP-3
robot) was investigated by non parametric Mann Whitney U-tests (see also
Weiss et al (2009g)).

The results of the data analysis revealed that the initially assumed gran-
ularity was too detailed for the social acceptance indicators. Thus, the num-
ber of social acceptance indicators was reduced from eight to five indicators:
performance expectancy, effort expectancy, relationship expectancy, perceived
competency, and attitude towards robots. The new indicator perceived com-
petency comprises self efficacy and facilitating conditions; the indicator rela-
tionship expectancy comprises attachment, feeling of reciprocity ad forms of
grouping.

The indicators for user experience did not change after the factor analysis,
however the indicator emotion could only partially be addressed in the online
survey and the indicator co-experience was not addressed at all. Furthermore,
the influence of six independent variables revealed the high impact of inde-
pendent variables on both evaluation factors and in particular on the user
experience indicators. The correlation analysis between all user experience
and social acceptance indicators demonstrated the strong interplay between
the indicators (52 of 72 possible correlations were highly significant).

As the eleven case studies could only validate the feasibility of the proposed
methodological framework addressing the respective evaluation indicators, the
broad online survey was required to prove the assumed interplay between them.
Due to he successful validation of the UX- and SoAc-Questionnaires survey,
the HRI community can now be provided a reliable tool to assess a humanoid
robots regarding their effects of user experience and social acceptance. Even if
another researcher wants to use the reference model plus the questionnaires for
a study only focusing on some of the indicators, it can be useful. However, in
that case a check of validity and reliability is recommended (see Section 5.4).

The main main advantage of the revised model is its conjunction of state-
of-the-art literature with an empirical proof-of-concept study which enables
other HRI researchers to conduct theoretically-guided evaluation studies with
validated measures. Thus, the reference model supports repetitive testing and
simple investigation of HRI evaluation factors. Due to the investigation of the
effect of the independent variables, the revised USUS evaluation framework
can support the participant recruitment procedure and data interpretation,
e.g. if only elderly participants are recruited it has to be taken into account
that elders tend to have a more positive attitude towards humanoid robots
than younger ones.
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However, two limitations have to be considered regarding the explanatory
power of the revised model. Guidelines of cross cultural surveys were only
considered in the questionnaire translation process, but not in the choice of
items and the presentation of the questionnaire. Participants of the online
survey were (semi) experts in the field (due to the recruitment via robotics-
related email lists), but were not interviewed in their role as experts, but as
“normal survey participant”. Thus, future work will be required to investigate
if these confounding factors influence the validity of the reference model.

Up to now, only the interrelations of the user experience (excluding the
indicator co-experience) and social acceptance indicators were validated. There
is still the need to validate the interrelations within the factors usability and
social acceptance and their relation towards the other evaluation factors. The
current state of the revised USUS evaluation framework is presented (see figure
in Figure 7.1).

7.1.4 Objective 4: Application Guidelines

The fourth aim of the USUS evaluation framework was to provide guidelines
that support other researchers in answering research questions on how people
experience robots in collaborative scenarios and if they accept them as part
of society. This aim could be achieved by posing central research questions
which can be answered by applying the revised USUS evaluation framework.
The application of the USUS evaluation framework and its integration into the
user-centered design cycle was also demonstrated through the case studies.

Chapter 6 gives an overview on the biggest challenges in applying the USUS
evaluation framework which were encountered during the execution of the case
studies and the online survey, namely: (1) Choice of system functionalities
to investigate, (2) comparability of different systems, and (3) observation of
“natural” human-robot interaction in laboratory-based settings, participant
sampling, and the language barrier in cross cultural studies.

Following, the main methodological considerations which should be taken
into account when applying the USUS evaluation framework were summa-
rized: (1) simulation of context and environment factors (e.g. ambient noise),
(2) adaptation of the theoretical framework in accordance to the investigated
domain, (3) participant sampling (in particular recruitment characteristics),
(4) tools and equipment (including advices for data analysis tools), (5) exper-
imental design (taking into account the need of a method mix in HRI,(6) use
of the UX- and SoAc-Questionnaire, and (7) data analysis taking into account
possible inter factor/indicator synergies.

Based on the lessons learned from the eleven case studies, a revised method-
ological framework was proposed including four new methodological approaches:
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(1) participatory design, (2) world cafè, (3) SInA data analysis, and (4) a stan-
dardized questionnaire for societal impact. These newly proposed methods still
need empirical validation, but enrich the researcher’s “tool box” for the method
mix. Finally, the proposed central research questions can guide current activi-
ties within a research project and support other researchers on a more general
level how to investigate the USUS factors in human-robot interaction.

The integration of the USUS evaluation framework into the user-centered
design cycle focuses on (1) the assessment of multiple evaluation factors (opera-
tionalized into several indicators) throughout the design cycle, (2) the combina-
tion of quantitative and qualitative methods, and (3) the users’ attitude change
towards the investigated robotic system during the design cycle. Thereby, the
user-centered design cycle consists of seven (instead of the original six stages):
(1) identify the need for the USUS evaluation framework, (2) conduct a re-
quirement analysis, (3) determine the context of use, (4) evaluate existing
platforms, (5) prototype novel platforms or interaction scenarios, (6) assess
the final ideal typical demonstration, and (7) requirements satisfied or start
the next cycle.

The motivation behind the development of application guidelines for the
USUS evaluation framework was to give researchers in HRI irrespectively of the
disciplinary background a “reference”, “manual”, or “handbook” for ensuring
that interaction with their robots is of high quality in terms of usability, social
acceptance, user experience, and societal impact. This will hopefully help
ensure the sustainable integration of robotic systems in everyday life.

7.1.5 Reflection on the Outcome

While the fields of psychology, sociology, HCI, and HRI provide many well
tested evaluation techniques (see Chapter 2), I was concerned with how these
should be applied to HRI in a way that acknowledges and targets a holistic
interaction context going beyond usability aspects.

The work in this PhD thesis proposed an evaluation framework not only
addressing usability, but also social acceptance, user experience, and societal
impact - the USUS evaluation framework. It was originally based on the super-
ficial level of operationalizing evaluation factors by means of several indicators
derived purely from literature review and could be partly validated by means
of empirical studies. By assessing the indicators with a broad method mix in
several case studies and cross analyzing the quantitative data, the evaluation
framework could be revised and improved.

I am convinced that this framework can help to strengthen the small
methodological, theoretical, and conceptual basis of the currently evolving
research field of HRI (Dautenhahn (2007a)). Due to the numerous case stud-

181



Figure 7.1: Revised USUS Evaluation Framework
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ies presented in detail in this PhD thesis, results are reproducible by other
research groups. This will help the research filed to make progress in creating
a foundation of knowledge and insights others can build upon.

7.2 Contributions of the Thesis

As mentioned in the introduction this PhD thesis aimed to contribute to three
different research areas: (1) Human-Robot Interaction, (2) Methods of empir-
ical social research, and (3) Sociology of Technology. In the following sections
it will be reflected in how far these aims have been met.

7.2.1 Human-Robot Interaction

Regarding the contribution to HRI research, this PhD thesis can be seen as
“reference”, “manual” or “handbook” for robotic engineers (developers and
researchers) to consider their human-robot interaction problems. If engineers
know the way of evaluation, as a nature, they will try to develop products
with high evaluation score and thus increase usable, positively experienced
and accepted human-robot collaboration.

7.2.2 Methods of Empirical Social Research

Regarding the contribution to methods of empirical social research this thesis
presented a variety of methodological adaptations and study settings which can
serve as impulses for other researchers in this area. Moreover, methodological
considerations and challenges are shown which will assist other researchers
with the planning, design, and executing of user-centered studies.

7.2.3 Sociology of Technology

Regarding the contribution to the research field of sociology, it has to be said
that predictive information about robots and the future society is extremely
hard to gain. For example, 20 years ago no one dreamed of cell phones (a
phone you can put in your pocket, isn’t that crazy...!), but nowadays they are
everywhere. However, gathering information about novice users’ estimation of
the future in comparison with the estimations of the industry, gave insights
about people’s attitudes, fears, and hopes. These thinkings can be addressed in
future when introducing robots into the mass market. It could be shown that
sociological theory gave valuable insights on how people in general interact
with objects which could be adapted for HRI research. Furthermore, this
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thesis could demonstrate the importance of combining sociological thinking
with technological development to drive robot design.

7.3 Outlook

This PhD thesis can be conceived of as series of case studies investigating sev-
eral research questions on how users perceive the usability, social acceptance,
user experience, and societal impact of humanoid robots in collaborative sce-
narios. The execution of these case studies was guided by the USUS evaluation
framework, which offered a theory-grounding and a method proposal for the
case studies. The conduction of the case studies gave on one hand valuable
insights on usability, social acceptance, user experience, and societal impact of
human-robot interaction in collaborative work settings with humanoid robots.
On the other hand, also areas could be identified where future research is
required:

Usability Task duration varies remarkably between participants with Asian
and Western cultural background due to different problem solving strate-
gies. A novel methodological approach I consider for user studies are
“cultural interaction scenarios”. These scenarios take into account the
knowledge about cultural differences and try to shape interaction sce-
narios with respect to it. Another aspect of usability is the lack of
flexibility in current human-robot interaction scenarios. To gain more
insights about the influence of this evaluation indicator on the users’
performance, but also on user experience and social acceptance, compar-
ative Wizard of Oz studies with varying degrees of flexibility should be
conducted. The last aspect in terms of usability, which is relevant for
future research, is the area of user support. Currently human-robot in-
teraction scenarios are lacking of options that help the user to recover on
his/her own from minor interaction errors. Research in this direction will
help engineers to develop systems that are more robust in scenarios with
a human in the loop and identify measures for the usability indicator
robustness in HRI.

Social Acceptance The results regarding social acceptability are in general
good news for robotic engineers, as the acceptance ratings were higher in
the user studies after participants interacted with the robots. Moreover,
this finding supports the user-centered design approach of the USUS eval-
uation framework, as a mutual shaping between social requirements and
technological possibilities will increase the acceptance of robotic tech-
nology. Qualitative approaches like the world cafè could help to better
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understand in which cases relationship expectancy and perceived compe-
tency are relevant for successful integration of robots into everyday life.
For this newly proposed method in the USUS evaluation framework (see
Chapter 6) as well as for interview techniques; reasonable, methodologi-
cal adaptations need to be developed and the feasibility of the methods
to assess social acceptance needs to approved.

User Experience The results of the user experience assessments were in-
teresting regarding the physiological data measuring in the HRC user
study with the HRP-2 robot (see Section 4.8). The arousal level varied
a lot during the interaction. Future work will be needed to learn how to
interpret the data correctly (are we measuring emotion or feeling of se-
curity?). In a next step, the data could be used as input for the robot to
react adequately towards human behavior. This would help to increase
the positive user experience in the interaction. Moreover, user studies
should be conducted to further investigate the correlation between feel-
ing of security and feeling of control (which could be a relevant for a
next iteration of the theoretical USUS framework). If the assumed posi-
tive correlation between these user experience indicators can be verified,
user experience design guidelines for feeling of control could improve the
feeling of security for a wide range of robotic platforms. As a last point,
future work in the area of user experience should focus on the integra-
tion of participatory design approaches in HRI, interviews, and the world
cafè approach to inform the design of human-robot interaction studies at
an early stage of the user-centered design cycle. Here again, reasonable
methodological adaptations and their proof of feasibility are required to
support the HRI research community.

Societal Impact The main finding regarding societal impact was that for the
working contexts, people prefer robots which are sophisticated tools and
not colleagues. This finding underlines the importance of societal impact
studies to get rid of “classical assumptions” regarding human-robot inter-
action like “the more emotional intelligent the better”. There is a need to
more thoroughly investigate the imaginations of potential users and ex-
perts to understand the difference between usage contexts of robots (work
vs. home vs. therapy etc.) and to focus on ethnographic approaches to
better understand these contexts. Moreover, more cross-cultural (taking
into account cross-cultural study design, see http://ccsg.isr.umich.edu/-
instrdev.cfm) studies with standardized measures (e.g. societal impact
questionnaires) are needed to characterize cultural user groups beyond
Western vs. Asian. Little knowledge exists so far about cultural dif-
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ferences regarding human-robot interaction between European countries
or Eastern countries. However, technology does not appear by chance.
Robotic systems are designed in accordance to what they are supposed
to do. The more detailed “cultural interaction scenarios” can be defined,
the better the robotics community can design for their specific require-
ments.

Regarding the USUS evaluation framework future research will be required
to conduct a holistic validation of the evaluation framework in terms of com-
pleteness of the theoretical indicators and the amount of reasonable methods
to address them. As mentioned, for user experience the indicator feeling of
control could be added to the theoretical framework. Similarly, it may be
useful to extend the USUS evaluation framework on other impact factors like
economics, physical environment, or ethics. Moreover, new methods (see Ta-
ble 6.1) like participatory design and the world cafè approach have been added
to the methodological framework. These newly proposed methods still need
to be approved in terms of feasibility. Furthermore, the figure of the revised
USUS evaluation framework visualizes by means of dashed lines, which indi-
cators still need to be revised regarding the influence of independent variables
and their interrelations to other evaluation indicators (see Figure 7.1).

Up to now the framework was only used for collaborative scenarios, but
interaction scenarios where “robot-group interaction” or “groups of robots-
human interaction” were not executed in case studies. Moreover, it would
be of interest to investigate if the framework can also guide HRI research for
human-robot interaction scenarios in other context, like in a home context, an
educational context, and a therapeutic context. Similarly, future work will be
necessary to identify, whether robotic applications are existing that are not
suitable for this evaluation framework. Does it only work for humanoid robots
or can it also be taken into account for functionally designed or zoopomorphic
robots?

The revised USUS evaluation framework (see Figure 7.1) is one conceptual
model for exploring human-robot interaction. It has become clear that there
are still many concerns that need to be investigated. However, the evaluation
framework proved its value as a new more holistic approach to assess human-
robot interaction. User-centered approaches, guided by the USUS evaluation
framework, can drive robotic design and foster its social acceptability and
positive societal impact. The potential of the USUS evaluation framework
can be realized best, if it guides the development of human-robot interaction
scenarios from the very beginning until the very end of a project, as long as the
project team consists of experts from various disciplines who have the same
goal: improving human-robot interaction.
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Weiss A, Igelsböck J, Wurhofer D, Tscheligi M (2009d) Looking forward to a
“Robotic Society”? - Imaginations of Future Human-Robot Relationships.
In: HRPR2009: Proceedings of the 2nd International Conference on Human-
Robot Personal Relationships

Weiss A, Igelsböeck J, Calinon S, Billard A, Tscheligi M (2009e) Teaching a
humanoid: A user study on learning by demonstration with HOAP-3. In:
Ro-Man2009: Proceedings of the 18th IEEE International Symposium on
Robot and Human Interactive Communication, accepted for publication
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Appendix B

List of Abbreviations

3D dull, dirty, dangerous
ACE Autonomous City Explorer
ACM Association for Computing

Machinery
AIST National Institute of Advanced

Industrial Science and Technology
ANOVA Analysis of Variances
ATT Attractiveness
CHI Computer-Human Interaction
CNRS Centre National de la Recherche

Scientifique
CSCW Computer Supported Cooperative

Work
DRAGADOS Spanish Construction

Company
E Emotion
ECG Electrocardiogram
EE Effort Expectancy
ELAN Video Annotation and Language

Analysis Tool
EMB Embodiment
EPFL Ecole Polytechnique Federale de

Lausanne
EURON EUropean RObotics research

Network
FS Feeling of Security
HCI Human-Computer Interaction
HHI Human-Human Interaction
HOAP-3 Humanoid Robot used by EPFL

and UC3M
HOP Human-Oriented Perception
HQI Hedonic Quality Identification
HQS Hedonic Quality Stimulation

HRC Human-Robot Collaboration
HRI Human-Robot Interaction
HRP-2 Humanoid Robot used by CNRS
HRV Heart Rate Variability
ICT&S Information and Communication

Technologies & Society
IEEE Institute of Electrical and

Electronics Engineers
IFR International Federation of Robotics

IRIT Institute de Recherche en
Informatique de Toulouse

LAAS Laboratory for Analysis and
Architecture of Systems

LASA Learning and Algorithms and
System Laboratory

LED Light Emitting Diode
LSD Least Significant Difference Test
MAUSE Towards the MAturation of

Information Technology USability
Evaluation

MSTC Manufacturing Science and
Technology Center

NARS Negative Attitude towards Robots
Scale

OG Human Operator in Germany
OJ Human Operator in Japan
PANAS Positive and Negative Affect

Schedule
PC Perceived Competency
PE Performance Expectancy
PhD Doctor of Philosophy
PQ Pragmatic Quality
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RE Relationship Expectancy
RH-1 Humanoid Robot used by UC3M
RUR Rossmus Universal Robots
SAS Space Application Services
SD Standard Deviation
SoAc Social Acceptance
SCR Skin Resistance Response
SRR Skin Resistance Response
SRT System Response Time
STSM Short Term Scientific Mission
SUS System Usability Scale
TP Test Participant

TV Television
UC3M Universidad Carlos III de Madrid
UCD User-Centered Design
USUS Usability, Social Acceptance, User

Experience, and Societal Impact
UTAUT Unified Theory of Acceptance &

Use of Technology
UX User Experience
VDMA Verband Deutscher Maschinen-

und Anlagenbau
WOZ Wizard of Oz
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