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Abstract.  To improve the way humans are interacting with 
robots various factors have to be taken into account. An 
evaluation framework for Human-Robot Collaboration with 
humanoid robots addressing usability, social acceptance, user 
experience, and societal impact (abb. USUS) as evaluation 
factors is proposed (see figure 1). The theoretical framework 
USUS is based on a multi-level indicator model to operationalize 
the evaluation factors. Evaluation factors are described and split 
up into several indicators, which are extracted and justified by 
literature review. The theoretical factor indicator framework is 
then combined with a methodological framework consisting of a 
mix of methods derived and borrowed from various disciplines 
(HRI, HCI, psychology, and sociology). The proposed method 
mix allows addressing all factors within the USUS framework 
and lays a basis for understanding the interrelationship of the 
USUS Factors.12 

1 INTRODUCTION 
Integrating humanoid robots into human working environments 
is a challenging endeavour. It is important to consider that users 
in human-robot interactions can face severe problems and 
difficulties. Studies showed that users perceive autonomous 
robots differently than other computer technologies [32]: 
Autonomous robots often lead to a far more anthropomorphic 
mental model than other interface technologies; moreover, as 
mobile robots always have to adapt to their environment they 
also have to conform to the humans they are working with, thus 
the interaction of robots and humans has to be negotiated. 
Furthermore, robots “learn” about themselves and their world, 
which heavily distinguishes them from traditional computing 
technology [32]. All these issues have a very strong influence on 
the users' work environment, on the way people collaborate, and 
on the way they experience robotic co-workers.  

Such new technologies have a considerable impact on various 
factors of the interaction between humans and robots: usability, 
user experience, social acceptance, and societal impact have to 
be carefully investigated with appropriate measurements and 
approaches, to lay the basis for future ways of working, 
including robots that increase productivity and maintain safety. 
The theoretical and methodological evaluation framework 
USUS, which was developed from a human-centered HRI 
perspective [9] for evaluating usability, social acceptance, user 
experience, and societal impact for working scenarios with 
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humanoid robots, can help us understand how to improve the 
construction of robots. The framework enables a positive user 
experience of all users – either individual or in groups, to 
enhance social acceptance and to support in general positive 
attitude towards (humanoid) robots in society. 

2 STATE OF THE ART  
As the research field of Human-Robot Interaction (HRI) is 
young, but evolving, the need for theoretical and methodological 
frameworks increases. As Bartneck et al. [4] claim: “If we are to 
make progress in this field then we must be able to compare the 
results from different studies”. The framework proposed in this 
position paper should contribute to this aim and therefore take 
into account efforts already being made in this direction.  

Thrun [43] provides one of the first theoretical frameworks 
for HRI based on the distinction of robots into three different 
kinds: industrial robots, professional service robots, and personal 
service robots. He describes in detail the different human-robot 
interface capabilities, different potential user groups, and the 
different contexts of use, which lays the first basis for future 
evaluation approaches in HRI. Thrun himself states in the 
abstract of this article: “The goal of this article is 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” 
[43]. 

A similar intention was subject to Yanco et al. [48], who 
updated their taxonomy of human-robot interaction from 2002, 
to provide a basis for research in this area. They already address 
multiple research areas like HCI (Human-Computer Interaction), 
CSCW (Computer Supported Cooperative Work), and social 
sciences to offer a holistic picture of research aspects, proposing 
11 categories, which need to be considered when investigating 
the interaction between a human and a robot. The taxonomy of 
Yanco et al. allows the comparison of different HRI research 
approaches and therefore is a first step in the direction of making 
HRI research more generalizable.  

However, besides the theoretical frameworks, the need in HRI 
grows to define metrics to measure the success of robotic 
systems in a comparable way. This need became obvious with 
the inaugural workshop on “Metrics for Human-Robot 
Interaction” held in conjunction with the 3rd ACM/IEEE 
International Conference on Human-Robot Interaction (HRI 
2008). The goal 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.” 

A first attempt in this direction was already made by Steinfeld 
et al. [42]. In their framework they proposed five metrics for 



task-oriented human-robot interaction with mobile robots: (1) 
Navigation, (2) Perception, (3) Management, (4) Manipulation, 
and (5) Social. Furthermore, they mention relevant “biasing 
effects”, which also have to be taken into consideration when 
evaluating the proposed metrics: communication factors (like 
delay, jitter, and bandwidth), robot response (like system lag and 
update rate), and the user (like training, motivation, and stress). 
Steinfeld et al. [42] provided above all metrics for usability 
factors (from an HCI perspective); however they stressed in their 
conclusion that 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”. 

Bartneck et al. [4] on the other hand tried to provide a 
standardized toolkit to measure user experience factors in HRI: 
anthropomorphism, animacy, likeability, perceived intelligence, 
and perceived safety. Based on an extensive literature review 
they developed five validated questionnaires using semantic 
differential scales to evaluate human-robot interaction in terms 
of these factors. “It is our hope that these questionnaires can be 
used by robot developers to monitor their progress”. 

The Dutch research group around Marcel Heerink is focusing 
on the further development of the UTAUT model (Unified 
Theory of Acceptance and Use of Technology, see [46] for 
human-robot interaction in elder care institutions. They 
investigate which factors have an influence on the intention to 
use robotic agents. They consider factors like enjoyment [24] 
social presence [23] and social abilities [22]. Based on that, they 
want to develop a framework targeting studies on the acceptance 
of robotic agents by the elderly. 

The theoretical and methodological framework proposed in 
this position paper addresses usability, social acceptance, user 
experience, and societal impact of humanoid robots used in 
collaborative tasks and intends to be applied to answer the 
general question if people experience robots as a support for 
cooperative work and accept them as part of society and thus 
give an holistic view on evaluating humanoid robots. Therefore, 
the proposed evaluation framework consists of two parts: (1) a 
theoretical framework defining the relevant evaluation factors 
and indicators combined with (2) a methodological framework 
explaining the methodological mix to address these factors 
during the evaluation of human-robot interaction.  

3 THE FACTOR MODEL 
The proposed evaluation framework for Human-Robot-
Collaboration with humanoid robots is based on a multi-level 
indicator model targeting the factors usability, social acceptance, 
user experience, and societal impact as evaluation goals. The 
factors are selected to identify socially acceptable collaborative 
work scenarios where humanoid robots can be deployed 
beneficially to convince society to positively support the 
integration of humanoid robots in a human's working 
environment. The driving motivation for choosing these factors 
is to support user-centred evaluation approaches in HRI, going 
beyond pure usability studies. Although the framework was 
developed on an intense literature review taking into account 
existing frameworks and evaluation approaches in HRI, it cannot 
be guaranteed that is an exhaustive framework. 

All factors chosen for evaluation are based on several 
indicators, which can be addressed with a methodological mix to 

be assessed during an iterative design process of human-robot 
collaboration. To justify the selection of factors and indicators 
several case studies are currently conducted in the framework of 
the EU-funded FP6 project “Robot@CWE: Advanced robotic 
systems in future collaborative working environments”. Figure 1 
visualizes the combination of the theoretical and methodological 
framework.  

 
Figure 1: The Evaluation Framework 

3.1 Usability as Evaluation Factor 
The term usability refers to the ease of using an object. The 
iso924111:1998 [27] defines usability as “the extent to which a 
product can be used by specified users to achieve specified goals 
with effectiveness, efficiency and satisfaction in a specified 
context of use”. This definition shows that usability is a concept 
of different indicators, than one single measurable term. Initial 
research on usability in human-robot interaction was mainly 
concentrating on indicators like, performance/ effectiveness and 



efficiency (e.g. [14], [40]). However, we propose that further 
aspects should be taken into account when assessing the usability 
of a humanoid robot. 

3.1.1 Indicators for Usability 

Effectiveness: The iso924111:1998 [27] defines effectiveness as 
“the accuracy and completeness with which users achieve 
specified tasks”. Thus effectiveness describes how well a 
human-robot team accomplishes some task. This normally refers 
to the degree to which errors are avoided and tasks are carried 
out successfully solved, measured by e.g. “success rate” or “task 
completion rate”.  
Efficiency: In the iso924111:1998 [27] efficiency is defined as 
“the resources expended in relation to the accuracy and 
completeness with which users achieve goals”. So efficiency is 
the rate or speed at which a robot can accurately and successfully 
assist humans. 
Learnability: is one indicator of usability derived from software 
engineering. The concept of learnability is self-explanatory: how 
easy can a system be learned by novice users. This seems to be a 
key indicator for usability in human-robot interaction as robots 
are a technology people have almost no pre-experience with. 
Learnability incorporates several principles like familiarity, 
consistency, generalizability, predictability, and simplicity. 
Flexibility: As humanoid robots are in general task 
independently designed (as they should be able to carry out a 
variety of tasks in unstructured environments and adapt to 
situations), flexibility seems to be another core-indicator for the 
usability evaluation of humanoid robots in collaborative working 
environments. Flexibility describes the number of possible ways 
how the user can communicate with the system.  
Robustness: Novice users will produce errors when 
collaborating with humanoid robots, thus an efficient human-
robot interaction has to allow the user to correct its faults on his/ 
her own. Furthermore the robotic system itself should be error 
preventing, by means of being responsive and stable. Robustness 
is thus the level of support provided to the user to enable a 
successful achievement of tasks and goals. 
Utility: As usability relates to the question of effectiveness and 
efficiency, like how well an interface supports the user to reach a 
certain goal or to perform a certain task, utility refers to how an 
interface can be used to reach a certain goal or to perform a 
certain task. The more tasks the interface is designed to perform, 
the more utility it has. Therefore utility and usability are related, 
but not interchangeable. Regarding humanoid robots utility is an 
essential factor, as a novice user has little knowledge about the 
utility of this type of robot as they are not designed for a specific 
task. 

3.2 Social Acceptance as Evaluation Factor 
Acceptance is an important issue to be evaluated in human-
centred HRI. There is a need to find out the reasons why people 
accept robots in order to avoid rejection in a long term. Dillion 
[11] defines user acceptance as “the demonstrable willingness 
within a user group to employ technology for the tasks it is 
designed to support”. However, the acceptance of autonomous 
acting robots cannot be defined that easily. In Western cultures a 
general retention of autonomous robots is present (e.g. [26], 
[30]) and furthermore novice users have difficulties in 

interpreting for which tasks a robot is designed. Thus, for 
socially situated robots [14], which can perceive and react on a 
social environment a different view on the term acceptance is 
necessary. Social acceptance within the USUS evaluation 
framework is defined as “an individual’s willingness based on 
interaction experiences to integrate a robot into an everyday 
social environment”. Several acceptance models exist which 
propose a theoretical framework for investigating technology 
acceptance, an excellent overview can be found in [45].  

3.2.1 Indicators for Evaluating Social Acceptance 

The indicators for the factor social acceptance in the USUS 
framework are derived from the UTAUT (Unified Theory of 
Acceptance and Use of Technology) model [46] (indicators 1 to 
4) and from the theory of “object-centred sociality” [33] 
(indicators 5 to 8). The indicators are defined in accordance with 
the theory of object-centered sociality to understand the 
important aspect of how humans can be socially influenced in 
their working routines by a robot.  
 
Performance Expectancy: In accordance to the UTAUT model 
Performance Expectancy is the strongest predictor of usage 
intention (it is significant at all points of measurement during the 
development of the model, both in voluntary and mandatory 
settings). “Performance expectancy is defined as the degree to 
which an individual believes that using the system will help him 
or her to attain gains in job performance.” [46].. 
Effort Expectancy: indicates to which extent the user perceives 
a system will be easy to use. Thus it includes believes of the 
degree of effort, difficulties, and understanding in usage, but also 
how complex users imagine the system to be. “Effort expectancy 
is defined as the degree of ease associated with the use of the 
system.” [46]. 
Attitude toward Using Technology: In the UTAUT model the 
attitude toward using technology is defined as “an individual's 
overall affective reaction to using a system” [46]. In this 
evaluation framework attitude toward using technology is seen 
as the sum of all positive or negative feelings and attitudes about 
solving working tasks supported by a humanoid robot.  
Self Efficacy: relates to a person’s perception of their ability to 
reach a goal. This indicator is not included as a direct 
determinate in the UTAUT [46] but it is estimated to be a 
relevant factor for human-robot interaction. Perceived self 
efficacy can be defined as “people’s beliefs about their 
capabilities to produce designated levels of performance that 
exercise influence over events that affect their lives. Self 
Efficacy beliefs determine how people feel, think, motivate 
themselves and behave. Such beliefs produce these diverse 
effects through four major processes. They include cognitive, 
motivational, affective and selection processes” [3]. 
Forms of Grouping: Group practices are a core element of 
human behaviour. Grouping describes that humans who share 
certain characteristics, try to collect in a group. They interact 
preferably with other group members, share a common identity, 
and accept expectations and obligations of other group members. 
The question arising is whether humans can also share identity 
with robots.  
Attachment: The term attachment was originally used to 
explain the bond that develops between a human infant and its 
caregiver [6]. In the last decades, the concept of emotional 



attachment has been used in a number of ways, also in relation to 
HRI (e.g. [29], [28]). Attachment may be defined as an 
affection-tie that one person forms between him/ herself and 
another person or object - a tie that binds them together in space 
and endures over time. According to Norman [38], emotional 
attachment can be seen as the sum of cumulated emotional 
episodes of users' experiences with a device in various context 
areas. These experience episodes can be categorized into three 
dimensions: a visceral level (first impression), a behavioural 
level (usage of the device), and a Reflective level (interpretation 
of the device). 
Reciprocity: describes the principle of give-and-take in a 
relationship, but it can also mean the mutual exchange of 
performance and counter-performance. It is the positive or 
negative response of individuals towards the actions of others.  

3.3 User Experience as Evaluation Factor 
The term user experience is a very multifaceted concept and the 
research field of Human-Computer Interaction is still searching 
for a shared understanding of it [35]. A suitable definition for 
user experience of human-robot interaction can be adapted from 
Alben's general definition of user experience as “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” [1]. 

Thus, users' experiences are related to a system and are 
embedded in a specific situation. Interaction goals, intra-
psychological dispositions, the environment, involved people 
and the product itself have a significant impact on user 
experience [20]. 

3.3.1 Indicators for Evaluating User Experience 

There is an increased interest in HRI establishing a positive 
experience for the interaction with a robot. In a working 
environment a positive user experience is desired since working 
tasks will be carried out more efficiently. In the following some 
factors of user experience in HRI are introduced, which are 
mainly derived from the framework of [15] to classify socially 
interactive robots. 
Embodiment: describes the relationship between a system and 
its environment and can be measured by investigating the 
different perturbatory channels like morphology, which has 
impact on social expectations [15]. It is assumed that a humanoid 
form will ease the human-robot interaction because the rules for 
human social interaction will be invoked and thus a humanoid 
robot will provide a more intuitive interface, although this 
premise is largely untested. This is an assumption which is often 
found in literature (e.g. [7], [8]). Other researchers assume that 
robots are perceived as machines and that humanoid features 
therefore would generate unrealistic expectations or even fear 
[15].  
Emotion: The indicator emotion implies that people tend to 
interact with computers (and robots) socially [39]. As emotion is 
an essential part in social interaction it has to be incorporated in 
the assessment and design of robots. Hassenzahl [19] structured 
aspects of user experience in product, goals related to the 
product, psychological status of a user, environment and people 

related to the experience. He stressed the importance of emotion 
in user experience by introducing relevant emotional episodes 
that are aroused during the interaction with a product. Users may 
experience satisfaction when a product fulfils the users' 
expectations. The emotion joy is felt by exceeding the user's 
expectations. Furthermore pride, surprise and attraction play a 
major role in experiencing a product. 
Human-Oriented Perception: tries to simulate human 
perception. Social robots should be capable of tracking human 
features (e.g. face), interpreting human speech and recognize 
facial expressions etc. Robots should have different types of 
perception, meaning passive sensing and spoken language 
recognition. They have to be able to track people in different 
environment and lighting conditions. Additionally, the system 
should be able to recognize speech in two steps: speech 
processing and graph search. Furthermore vision based gesture 
recognition and facial perception (face detection and 
recognition) skills are necessary to guarantee Human-Oriented 
Perception. The system should not only be able to recognize 
facial display but also should have capabilities for 
communicating facial expression by means of image motion 
techniques, anatomical models, and principal component 
analysis. 
Feeling of Security: As soon as humans should collaborate 
together with robots in the same environment, safety and 
security issues arise [10]. In addition to studies on how to 
eliminate the risk of hazards in human-robot collaboration [34], 
it is important to investigate how to design human-robot 
interaction in a way that humans experience them as safe. For 
example, [10] discovered that people prefer to be approached by 
a robot on the right hand side.  
Co-Experience with Robots: Co-experience describes 
experiences with objects regarding how individuals develop their 
personal experience based on social interaction with others. 
People define “situations through an interpretive process in 
which they take into account the non-symbolic gestures and 
interpretations of others” [5]. Severinson-Eklund et al. e.g. [41] 
observed collaborative aspects of interaction with robots 
focusing on the personality of the robot, the communication 
paradigm between the user and the robot, and how a robot can 
mediate within a group of people. 

3.4 Societal Impact as Evaluation Factor 
The maturing of technology has been seen ever since as process 
that influences and changes society (e.g. consequences of the 
industrialization). Turn [44] conducted one of the first studies on 
the societal impact of computing technology. Turn pointed out 
that the purpose of societal impact studies should not only be to 
analyze the actual state of society, but to identify potential 
problems of future society, and to recommend corrective actions. 

Societal impact can be defined as every effect of an activity 
on the social life of a community in general and more specific 
for the proposed framework: “Societal impact describes all 
effects the introduction of robotic agents consequences for the 
social life of a specific community (taking into account cultural 
differences) in terms of quality of life, working conditions and 
employment, and education.” 

Theoretical assumptions on how the future society could look 
like and be influenced by robotic agents can above all be found 
in the cyborg and post-humanism literature (e.g. [2], [17]).  



3.4.1 Indicators for Societal Impact 

One of the main challenges when evaluating HRI is to predict 
the societal impact of robots. Already in 1981 the office of 
Technology Assessment conducted an exploratory workshop 
with the aim “to examine the state of robotics technology and 
possible public policy issues of interest”. Participants of this 
workshop identified four areas of “social issues” relevant for 
future societies in terms of the integration of robotic technology: 
(1) productivity and capital formation, (2) labor, (3) education 
and training, (4) international impact. Similar relevant impact 
factors could be derived from post-humanism and cyborg 
literature  

 
Quality of Life, Health and Security: According to Gray [17] 
quality of human life is determined by several types of freedom, 
like free choice of gender orientations, or the freedom of travel. 
Furthermore, Gray argues that also stable human relationships, 
family constellations, and mutual reliance have important impact 
on human life quality and that the very nature of our 
relationships with each other will change through the integration 
of artificial intelligence into our environments.  

Also the health system will be influenced by these 
developments, as high tech medicine will allow new therapy 
possibilities, which go hand in hand with the possibility of living 
longer. Security aspects could be concerned by the integration of 
intelligent robotic technology into everyday life, like electronic 
privacy, the freedom of consciousness, and the freedom of 
information. Already examples exist giving hints on these 
possible tendencies in future societies (e.g. [13], [16]). These 
researches efforts can on the on hand support the future health 
system and thus improve the quality of life, but on the other hand 
it could harm the natural relationships. 
Working Conditions and Employment: Working conditions 
and employment includes all aspects affecting how people carry 
out their job and how employers take care of their employees, 
including things like working contracts, wages, working times, 
and work organization. Working conditions have always been 
affected by technology developments, as they can be used to 
increase the efficiency and productivity. This in turn may lead to 
an increasing degree of replacement of e.g. assembly-line 
workers by robots, as robots can complete some physical tasks 
much quicker and more precisely than humans, e.g. harvesting 
[18]. Forlizzi et al. e.g. think of closing the gap of lacking 
service personal in hospitals by the introduction of care robots, 
for situations when no physical presence of a doctor or a nurse is 
necessary [16].  
Education: New software, new sciences and new disciplines 
require new types of education. Lifelong learning is necessary to 
manage duties and responsibilities. To avoid the fear of being 
displaced by a robot it might be necessary to give educational 
advertising. In times of increasing utilization of robots the aspect 
of education should not be disregarded. Considering the situation 
now, after the launch of computers, every child in western 
society is taught how to use computers and how to use certain 
programs. But without this education most people would not be 
prepared sufficiently for the labour market. So it might be 
necessary to be prepared for utilization of robots, in the physical 
manner, but potentially in a psychological manner too. 
Cultural Context: Culture embraces the whole range of 
practices, customs and representations of a society. In their 

rituals, stories and images, societies identify what they perceive 
as good and evil, proper, and racially different [2]. However, 
culture does not exist in the abstract. On the contrary, it is in the 
broadest sense of the term textual, inscribed in the paintings, 
operas, sculptures, furnishings, fashions, bus tickets and 
shopping lists which are the currency of both aesthetic and 
everyday exchange [2]. Thus the socio-cultural environment 
plays a decisive role. Japanese or South Koreans interact with 
robots in a quite different and more enthusiastic manner than in 
Europe, where people are more sceptical. This is due to the fact 
that in Japan e.g. automatons have a long tradition in religious 
ceremonials. Furthermore, in special Japanese religions a soul to 
things and machines is granted. Last but not least the positive 
presentation of robots in Japanese literature leads to a high 
acceptance too. There are also great differences in Japan and 
Europe regarding robots in the working area. Japanese 
employees trust in the corporation's decision and establish a long 
and quasi familiar relationship to their corporation. In contrast, 
in Europe due to short employment contracts and numerous 
structural changes over the last years robots are often perceived 
as a rationalization instrument [26]. 

4 THE METHODOLOGICAL FRAMEWORK 
Different methods are available to assess interactive systems in 
general and human-robot collaboration in specific. Depending on 
the data that is required, the resources that are available (i.e., 
time and money) and the design phase, a decision can be made 
which methods to choose [12]. One of the basic principles of a 
user-centred evaluation approach is that potential users evaluate 
whether the system is usable, acceptable etc. or not. Moreover, 
the method selected has to be adapted to the context, the tasks 
and the system which will be evaluated. Formative evaluation 
approaches are the main interest of this framework, as 
summative evaluations in real workplace environments with 
humanoids are hardly possible. 

To investigate and evaluate the above defined indicators for 
usability, social acceptance, user experience and societal impact, 
a combination of different methods is needed. Qualitative 
research is combined with quantitative measures for the 
evaluation approach. The proposed methods, presented in a 
matrix-diagram visualizing which method is suitable for which 
indicator, are presented later on in more detail. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Table 1: The Methodological Mix 
 Methods Expert Eval User Studies Questionnaires Physio. Measures Focus Groups Interviews 
Research Objectives        
Usability  
 Effectiveness X X     
 Efficiency X X     
 Learnability X X     
 Flexibility X X     
 Robustness X X     
 Utility   X   X 
Social Acceptance  
 Performance Expectancy   X  X  
 Effort Expectancy   X  X  
 Attitude toward Using Technology   X    
 Self Efficacy   X  X  
 Forms of Grouping   X  X  
 Attachment   X  X  
 Reciprocity   X    
User Experience 
 Embodiment   X  X  
 Emotion   X X X  
 Human-Oriented Perception   X    
 Feeling of Security   X X X  
 Co-Experience    X  X  
Societal Impact 
 Quality of Life   X  X X
 Working Conditions    X  X X
 Education   X  X X
 Cultural Context   X  X X

4.1 Expert Evaluation 
In traditional HCI research expert evaluations are used to asses 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.  
 
Heuristic Evaluation: A heuristic evaluation is intended to find 
and describe usability problems of a system on the basis of 
fundamental principles, so called heuristics [37]. 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 experts then have to 
rank all problems according to their severity. Thus, the result of 
a heuristic evaluation is a complete list of all detected usability 
problems ranked according to their severity. 
Cognitive Walkthrough: A cognitive walkthrough [47] 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 a typical (potential) user 
would solve a task with the assumption of minimizing the 
cognitive load. Thus, the cognitive walkthrough is above all 
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.  

4.2 User Studies 
Laboratory-based: User studies are used to provide empirical 
evidence to answer a concrete research question or hypothesis. 
Such user-involving evaluations are based on tasks, which  
 

 
 
subjects conduct, while their behaviour is observed and 
measured by a researcher. Classical metrics measured during 
user studies are task completion rate or error rate to measure the 
effectiveness of the tested system, and task duration to measure 
the efficiency. To better understand usability problems of the 
subjects occurring during the solving of task the “think aloud” 
method is often applied in user studies. “Think aloud” means 
that subjects are asked to say whatever they are looking at, 
thinking of, doing, and feeling, as they conduct a task. This 
enables observers to see first-hand protocol usability problems. 
User studies are normally audio and video taped so that 
researchers can go back and refer to what subjects did, and how 
they reacted. User studies provide a good opportunity to be 
combined with other methods like questionnaires or qualitative 
interviews. 
Field-based: Field based user studies have the focus of interest 
in testing the usage of a system in a realistic usage context. This 
kind of user studies can, but does not necessarily have to be 
task-based. In general the procedure is similar to user studies 
conducted in the laboratory, whereas the observation is mostly 
passive and unstructured. However, as field trials have to take 
into account more disturbing factors (e.g background noise or 
light conditions), the interpretation and analysis of the data, is 
more difficult. 
Wizard of OZ Technique: User studies can be conducted with 
fully autonomous systems, or they can be based on the so-called 
“Wizard of OZ Technique”, short “WOZ”. [31]. To allow user 
testing in very early stages of the prototype development, which 
cannot be fully implemented at that stage, a human “Wizard” 
enacts (or simulates) the system features in interaction. This 
approach integrates several advantages for user studies in HRI, 
as e.g. safety and security issues can be controlled during the 
testing, and relevant social cues can be simulated. However, also 
disadvantages are incorporated when evaluating user experience 



and social acceptance: Is the perception of the robot measured, 
or the perception of a human wizard...?  

4.3 Standardized Questionnaires 
A questionnaire is a research instrument that consists of a series 
of questions with the purpose of gathering statistically 
analyzable data from the participants. Standardized 
questionnaires are based on closed answers, where participants 
have only to choose one of the pre-defined answers making it 
easier for them to complete the questionnaire. A good overview 
on existing questionnaires for HRI research can be found in [2]. 

4.3 Physiological Measurements 
Physiological measurements can give valuable additional input 
to e.g. questionnaires and focus groups and can detect 
information participants for instance do not want to state. 
Several methods can be used to measure the emotional state of a 
subject [36]: Methods like this can identify “emotions” at 
exactly the time they happen during a user study and can be 
combined with e.g. reflective questionnaire data on the 
emotional state. This can support investigation of user 
experience factors in terms of “heteronom and autonom 
identification”. 

4.4 Focus Groups 
Focus groups allow the researcher to explore participants’ 
attitudes, beliefs, and desires in great depth and give insights 
how they experience a system. Focus groups are structured 
discussions about specific topics and moderated by a trained 
leader. The focus of the discussion is also triggered by the 
participants' selection which is based on common 
characteristics, as opposed to differences among them. It is 
important to note that a focus group only gathers qualitative 
data, which can be used as input to further develop other 
research instruments which gather quantitative and generalizable 
results. 

4.5 In-depth Interviews 
In-depth interviews are a qualitative research technique, which 
allows “person-to-person” discussion on a specific topic. It aims 
to get increased insight participant's ideas, attitudes, and feelings 
on the discussed issues. In-depth interviews can be combined 
with user studies to discuss with the participants how they 
experienced the interaction with the robotic system.  
Expert Interviews: This specific type of in depth interview is 
conducted in the same way as qualitative interviews in general. 
However, they are conducted with people who are considered 
experts in a particular subject, e.g. humanoid robot 
development, robots in the workplace, robots and ethics etc. The 
aim is not to get to know their attitude or feelings on a topic, but 
that they share their knowledge. 
Delphi study: is a special form of how to conduct expert 
interviews. The goal is to find a solution for a complex problem 
statement. Delphi studies consist of several rounds of interviews 
and discussions with several experts. After each round 
researchers report to experts the results of the previous 
discussion round as group opinion about the problem statement. 
This process happens as long as a common solution for the 
problem statement is found.  
 

5 SUMMARY AND OUTLOOK 
The goal of the framework is a multi-level evaluation model 
covering a multitude of factors: Usability, social acceptance, 
user experience, and societal impact. These four factors are 
called the USUS factors. Main goal of the evaluation framework 
is to guide research in answering the question on how people 
experience robots as a support for collaborative work and accept 
them as part of society. The framework operationalize the USUS 
factors with indicators and  describes methodological 
possibilities to investigate them - and beyond that, helps to The 
evaluation framework is intended to guide current activities 
within the Robot@CWE research project, but it can help other 
researchers on a more general level to understand what kind of 
methods can be helpful to investigate the USUS factors in 
human-robot interaction. To assess the validity of the proposed 
framework currently more than twenty evaluations, at seven 
different sites involving various types of humanoid robots, are 
conducted to investigate the relationship between the various 
factors (first results can be found in ([49][50][51]). Further 
results will be available in 2009, showing advantages and 
limitations of the proposed framework to evaluate human-robot 
collaboration with humanoid robots, but we expect this 
framework to be a valuable help for researchers to investigate 
the USUS factors in HRI.  
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