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Abstract

As a newly emerging field, Human-Robot Interaction (HRI) offers the unique opportunity to study
the multi-discipline regarding robots, humans and interactions in social contexts. Understanding
how people of different ages, gender and abilities best perceive from robot’s behaviors remains
an important challenge in the field. In this thesis, we aim to develop an HRI research approach
that investigates human behaviors toward robots and robot’s behaviors perceived by humans in social
contexts. In this direction, the first part of this thesis introduces an overview of HRI, from its origins,
and discusses the current state-of-the-art related to our research targets. The second part of the
thesis presents research studies on understanding human factors, developing evaluation techniques,
designing task scenarios and conducting experimental studies.

Specifically, we first introduce a confirmatory research study in a social context to investigate
if user perception in HRI may be affected by human factors. Leveraging the standardized ques-
tionnaire Robot Social Attribute Scale (RoSAS), we analyze the quantitative data collected by the
questionnaire and report the relevant findings (see Chapter 3).

Secondly, since questionnaires are among the most used evaluation technique in the field of social
HRI, we develop an approach to design a new type of questionnaire as a task-driven evaluation
technique for measuring user perception in social contexts. The approach consists of two steps.
First, it relies on interviewing experts on HRI to understand which robot’s behaviors can potentially
affect the user perceptions during an HRI task. Then, it leverages a user survey to filter out those
robot’s behaviors that are not significantly relevant from the end user perspective. The results of
the survey have allowed us to derive a final list of 17 behaviors to be captured in the questionnaire,
which has been finally developed relying on a 5-point Likert-scale (see Chapter 4).

Thirdly, we employ the SciRoc challenge (that is a repeatable and general-purpose test method
developed for HRI performance evaluation in a realistic social context) to introduce an exploratory
research study to analyze the outcomes of the most sociable task scenario of SciRoc, namely "E4
- Take the elevator". The main novelty concerns the implementation of the research study in a
realistic social robotic competition environment. We investigate robot’s behaviors perceived by
human by adopting the questionnaire developed and validate the reliability of the questionnaire as
well (see Chapter 5).

Fourthly, we introduce a novel approach for designing HRI task scenarios in the context of
the SciRoc challenge. The new approach consists of two steps, analyzing the elements of a task
scenario and sketching out its layout (see Chapter 6). We conclude the second part of the thesis
by introducing qualitative research approaches for exploratory research study, quantitative research
approach for confirmatory research study, and qualitative and quantitative (mixed-method) research
approach in the field of social HRI (see Chapter 7).

Finally, the third part summarizes the strengths and limitations of the research presented in
this thesis, discussing potential future works in the field.
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Chapter 1

Introduction

Human-robot interaction (HRI) is one of the most rapidly growing research fields in robotics and
the most promising for the future of robotics technology [11]. As a newly emerging field, it has been
gaining an increasing amount of interest by researchers and designers in the field of autonomous
robotics [161], artificial intelligence (AI) [85, 168], natural language processing [59], social science,
psychology science [83], ethology [66], as well as those in human-computer interaction (HCI) [29].
For instance, HCI offers a rich resource for research and design in HRI, as much has been learned
in the last three decades about how people perceive and think about computer-based technologies
[89]. However, HRI requires AI technologies for developing intelligent robots’ functionalities such
as recognition, understanding, communication, mapping and navigation. Natural language interac-
tion has long been a topic of HRI research [87], with the additional challenge of spoken language
understanding, often in noisy environments. Overall, HRI offers the unique opportunity to study
multiple disciplines in a specific context (see Fig. 1.1).

Figure 1.1: HRI multidisciplinary introduced by Raviteja Burugu

Lasota et al. define HRI as a discipline that deals with collaboration, communication and
cooperation between humans and robots [97]. Goodrich and Schultz define HRI as a field study
dedicated to understanding, designing and evaluating robotic system for use by or with humans [65].
Therefore, HRI designers and researchers should have an expanded knowledge on human factors,
robotic system and interaction. The three aspects mentioned are dependent, correlated and mutually

1



Chapter 1. Introduction

influencing each other. For instance, Kanda et al. point out that affinity with the human is the
important aspect of developing social robots and social interaction [83]; Bartneck et al. point out
that embodiment makes social robots inherently different computing technologies [14].

For one thing, researchers of robotic systems aimed to develop both hardware and software in
order to expand capability and functionality of robots (e.g., navigation, manipulation, perception,
recognition, etc). In facts, robot’s capabilities to interact with people in an entertaining, engaging,
or seamless manner play an important role in social contexts [29], i.e., the robot’s abilities to socially
interact with humans and integrate into environments are crucial. For another thing, researchers
of human features aimed to figure out the ideal set of human factors and behaviors that could
supplement and augment a robot’s social functionality. Hence, HRI researchers should understand
limitations of robot’s functionalities and preferences of human attributes and shape the interactions
between humans and robots, i.e., they should make sure that the interaction modalities and the
robot’s functionalities developed fit the user individual attributes and user’s needs.

When people interact, their behavior conveys affect alongside informational content. The behav-
ioral messages are often unclear and open to multiple interpretations. Robots and humans should
have mutual understandings of how behaviors ought to be interpreted and responded to emotionally
[82]. For this reason, several HRI scholars addressed the development of robotic systems capable of
recognizing human behavior and of adapting their behavior according to the models [142]. However,
it is difficult to individualize human behaviors in social HRI contexts due to natural variations of
human behaviors and numerous variations of environments.

To investigate human behaviors and their influences of human attributes and emotions, HRI
researchers have developed several methods and metrics such as testing effectiveness of tasks [158],
pshychophysiological human behaviors measurement [26] and behaviors measurement [16]. Despite
few evaluation methods, approaches and metrics in this field, there have been a lot of studies
concern perceived human behaviors and behaviors toward robots that investigate positive attitudes
and negative attitudes [124].

To fill this gap, the first goal of this thesis is to study in-depth the large part of human factors, in
particular, robot’s behaviors perceived by humans and human behaviors toward robots, by proposing
a specialized evaluation technique in this field.

The "standard location" to evaluate the performance of HRI is usually laboratory, for example,
laboratories of universities. Because such evaluation study is easy to implement, and participants
selected by HRI researchers are usually students. However, for a successful evaluation study, the
environment and the user population should reflect realistically the application domain in order
to guarantee natural interactions. To this end, we exploit robotic competitions which provide
good opportunities for conducting evaluation studies in the field of HRI. Robotic competitions can
implement a realistic environment and involve real participants emphasizing HRI focus. For this
reason, we design and implement the first SciRoc challenge (Smart CIties RObotic challenges) 1

as a scientific competition which allows the measurement of performance and the robot’s behaviors
perceived by humans, i.e., SciRoc is a repeatable and general-purpose test method (benchmark)
developed for HRI teaming performance evaluation investigating users’ attitudes using HRI research
methodology. In the context of the SciRoc challenge, we provided a new approach for designing
task scenarios which comply with four principles: suitability, usability, continuity and applicability.

1https://sciroc.org/
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1.1. Motivation

Second, we concretely conduct two research studies: exploratory research study (i.e., qualitative
approach) and confirmatory research study (i.e., quantitative approach). In the end, we analyze the
findings concerning task performance, robot’s behaviors perceived by humans, human attributes
and human roles differences.

Hence, the second goal of this thesis is to introduce HRI research studies in robotic scientific
competition contexts, from designing task scenarios to analyzing HRI findings, by emphasizing the
characteristics and the advantages of the main novelties.

HRI researchers investigate the concerned research problems by conducting exploratory research
study or confirmatory research study. However, social science and psychology suggest that qualita-
tive and quantitative approaches can be used in conjunction to build and refine theory [55, 80, 181].
To this end, we propose a concise list of qualitative approach, quantitative approach and mixed-
method approach and a clear mapping of the research procedure in the field of HRI.

Finally, the third goal of this thesis is to develop a HRI research methodology focused on
human behaviors focuses, which researchers can easily to follow the procedures in order to acquire
knowledges related to human factors, and improve the existing HRI research methodologies and
approaches.

In this introduction chapter, we present a brief introduction of this thesis and motivation to
address HRI in social contexts. We end this chapter by introducing the thesis organization and
publications.

1.1 Motivation

• Why we focused on human behaviors and robot’s behaviors in social contexts ?

Robots currently integrate into our everyday lives, but little is known about how they can behave
socially. The idea is drawing on social psychological models of relationships between humans and
humans, we look to examples of how people behave in such a social situation and model the robot’s
behavior off that [88].

However, Graaf et al. would like to postulate that robots themselves are not social, robots can
only simulate social behavior or behave in such a manner perceived by human users as social [50].
Conversely, Nitsch and Glassen suggest humans may nevertheless behave differently towards such
robots in social contexts, human behaviors on their perceived technological competence and their
enthusiasm for technology [121]. The service robots are robust enough to be deployed in industrial
contexts, but how these robots behave and interact with humans - act socially - remains largely
unclear [15].

For these reasons, we aim to investigate human behaviors and robot’s behaviors in social contexts
by pushing the current state-of-the art in the field of human factors in HRI. We first classify human
factors in the field of HRI into five different categories: human role, human attribute, human
composition, human behavior and proxemics. Then, we discuss the positive and negative behaviors
towards robots from three different perspectives: gender effect, age effect and cultural effect.

• To further investigate human behaviors and robot’s behaviors in social contexts, which research
topics should be addressed?

3



1.2. Contributions

To further investigate human behaviors and robot’s behaviors in social contexts, we should bring
up discussions related to how we envision robots in the present and future society and ethical issues
of HRI in social contexts. In fact, researchers should take a broad view of social behaviors studies
and split up the research topics as follows: technical developments, human factors and ethical issues,
design and evaluation methodologies, etc. This kind of classification is crucial to the field of HRI
because it will ensure that new social robotic prototypes fit our social values and norms. In this
thesis, we aim at exploring human factors and ethical issues, improving and developing design and
evaluation methodologies by presenting several empirical studies.

• To further improve and develop the research topic regarding design and evaluation methodolo-
gies, which aspects should be focused on?

In the last decade, HRI researchers were often robot developers, which give an insight into the
robot’s functionalities more than social science and psychology. However, lacking of consensus on
research paradigms and platforms means that HRI field is not yet in the phase that philosopher
Thomas Kuhn would call “normal science” [64]. In this thesis, we aim at pushing the current state-
of-the-art in HRI toward research methodologies by introducing (i) evaluation methodologies and
evaluation techniques, subjective measurements, objective measurements and relevant techniques;
(ii) experimental settings, participants, experimental environments and robot’s autonomy; (iii) task
scenario, taxonomies and frameworks for HRI scenarios; (iv) research approaches, qualitative and
quantitative methodologies.

Our goal, in fact, is to improve the existing research methodologies and develop a new HRI
research approach, which researches can easily to follow in order to acquire knowledge related to
robot’s behaviors perceived by human and human behaviors toward robots. To this end, we present
our research milestones to reach our thesis goal.

1.2 Contributions

This section presents the main contributions of this thesis and highlights its specific research con-
tributions:

1. Conducting an HRI confirmatory research study in a social context in order to investigate
if user perception perceived may be affected by user’s gender. Leveraging on Robot Social
Attribute Scale (RoSAS) survey and on a statistical analysis, our results show that male
users have more expectations in the robot’s competences when the interaction becomes more
elaborated. Interestingly, results also show the influence by changing the interaction modality
with robot on user perception.

2. Developing an approach to design a new type of questionnaire as a task-driven evaluation
technique for measuring user perception in social contexts. The approach consists of two
steps. First, it relies on interviewing experts in HRI to understand which robots’ behaviours
can potentially affect the user perceptions during an HRI task. Then it leverages a user
survey to filter out those robot’s behaviours that are not significantly relevant from the end
user perspective. We concretely enacted our approach over a specific scenario. The results
of the survey have allowed us to derive a final list of 17 behaviours to be captured in the
questionnaire, which has been finally developed relying on a 5-point Likert-scale.
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3. Conducting an HRI exploratory research study by introducing an empirical study, it has the
main novelty of having been devised and implemented in a realistic social robotic competition
environment - the SciRoc challenge, where a representative sample of users were selected from
the crowd by SciRoc organization, robots were configured to act autonomously, without the
need of any external guidance. Specifically, our empirical study was performed over the most
sociable scenario of the SciRoc challenge - “Take the elevator (E4)”. We validate the reliability
of the questionnaire developed and present the relevant results on the relationship between the
task performances evaluated by scoring and robot’s behaviors perceived by participants.

4. Conducting an HRI confirmatory research study by introducing an empirical study in the
context of SciRoc (E4). Leveraging on the questionnaire developed in E4 and on statistical
analysis, we found Gentlebots team and UC3M team make a difference on robot’s behaviors
perceived by users, meaning that task performance is not a factor that can influence robot’s
behaviors perceived by users. Interestingly, results also show the influences by users’ gender
effect and users’ role effect : female users perceived the robot’s behavior more positively than
male users; users’ role make a difference on behaviours highly related to spoken languages or
dialogues.

5. Introducing a novel concept for designing HRI task scenarios based on a scientific robot
competition. In particular, we describe design and implementation of an HRI task scenario
including developing an approach for designing task scenarios. The new approach consists of
two steps: (i) analyzing the elements of the task scenario; (ii) sketching out the layout of the
task scenario.

6. Improving the existing HRI research qualitative and quantitative approaches, proposing a
new HRI qualitative and quantitative (i.e., mixed-method [14]) research approach in social
contexts. The HRI mixed-method research approach can be adapted by conducting research
studies concerning human behaviors toward robots and robot’s behaviors perceived by human.

1.3 Thesis organization and Publications

This thesis is organized in three main parts, the preliminaries Part I which introduces the related
works concerning our thesis, Part II which describes our research studies on human factors, devel-
oping an approach to design a new type of questionnaire, Empirical study, Designing Task scenario
and Developing an HRI research approach, and Part III which summarizes the thesis, opens the
new research opportunities in the field of HRI and makes critical discussions.

1.3.1 Part I: Preliminaries

Chapter 2: Background and Related work
First, this chapter presents an overview of HRI, from its origins to its application, describes HRI
issues occured in social contexts. Then, this chapter introduces the current state-of-the-art of the
research questions related to our thesis. It presents the current research methodologies, relevant
findings in social HRI, as well as discussions and limitations. The chapter presents an overview of
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social HRI and the research milestones to achieve final goal of our thesis through previous relevant
literature.

1.3.2 Part II: HRI studies in a social context

Chapter 3: Human factors: Investigating User Perceptions of HRI in Social Contexts

The aim of this chapter is to present an HRI confirmatory research study in a social context to
investigate if user perception perceived may be affected by human factor by introducing concepts
of HRI confirmatory research study and HRI exploratory research study. Specially, we focused on
three aspects of user perception: warmth of robot, Competence of robot and discomfort of robot.
We determined four interactive modalities: Funny modality, Junior modality, Senior modality and
Foreign modality. In order to collect users’ feedback, we conducted a user study by adopting Robot
Social Attribute Scale (RoSaS) [33] survey in the range of Maker Faire, due to its proven effectiveness
when employed in social contexts. Results show human factor, in particular, users’ gender has an
influence on many aspects of the user perception. Furthermore, results also show the influence by
changing the interaction modality with robot on user perception. A published paper related to this
chapter is

• Lun Wang, Andrea Marrella, Daniele Nardi, "Investigating User Perceptions of HRI in Social
Contexts", In 2019 14th ACM/IEEE International Conference on Human-Robot Interaction
(HRI), pp. 544-545, 2019 [179].

Chapter 4: Evaluation technique: Developing a Questionnaire to Evaluate Customers’
Perception in the Smart City Robotic Challenge

The aim of this chapter is to develop an approach to design a new type of questionnaire as a task-
driven evaluation technique for measuring user perception in social contexts. To achieve this object,
a crucial step of our approach has consisted of identifying robot’s behaviors through dedicated
interviews and preliminary surveys performed with both experts and non-experts in the field of
HRI, running two demos of the task episode. Based on such results, the concrete development of
the questionnaire has been implemented. A published paper related to this chapter is

• Lun Wang, Luca Iocchi, Andrea Marrella, Daniele Nardi, "Developing a Questionnaire to
Evaluate Customers’ Perception in the Smart City Robotic Challenge", In 2019 28th IEEE
International Conference on Robot and Human Interactive Communication (RO-MAN), pp.
1-6, 2019 [176].

Chapter 5: Experimental Study: HRI Users’ studies in the context of the SciRoc
Challenge

The aim of this chapter is to devise and implement an experimental study in a realistic social
experimental setting context: realistic and dynamic social environment, representative sample of
participants selected, robots configured to act autonomously, considerations of ethical issues, im-
plementation of the robots’ functionalities and reliability test of the questionnaire. The chapter
introduces an HRI exploratory research study implemented through the SciRoc challenge, "take the
elevator (E4)". A published paper related to this chapter is
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• Lun Wang, Luca Iocchi, Andrea Marrella, Daniele Nardi, "HRI Users’ Studies in the Context
of the SciRoc Challenge: Some Insights on Gender-Based Differences", In Proceedings of the
8th International Conference on Human-Agent Interaction, pp. 287-289, 2020 [178].

Chapter 6: Task Scenario: Designing and Evaluating tasks based on the SciRoc chal-
lenge

The aim of this chapter is to design a task scenario in the context of the SciRoc challenge including
developing a new approach for designing HRI task scenarios. The chapter describes the new ap-
proach which consists of two steps. First, it relies on analyzing the elements of task scenario based
on the existing scenario frameworks. Then, it uses sketches to design the task scenario. More-
over, we show an example of HRI confirmatory research study in the context of the scientific robot
competition based on the proposed task scenario. Journal paper related to this chapter is

• Lun Wang, Luca Iocchi, Andrea Marrella, Daniele Nardi, "Designing and Evaluating HRI
teaming tasks based on the SciRoc challenge", (Journal publication under review) [177].

Chapter 7: Toward an HRI research approach

The aim of this chapter is to improve the existing HRI research approaches and frameworks and to
introduce new concepts. The chapter describes improvements of qualitative approach for exploratory
research study and advancements of quantitative approach for confirmatory research study. More-
over, the chapter describes a new HRI mixed-method research approach in social contexts aiming at
researching human behaviors toward robots and robot’s behaviors perceived by human in the field
of social HRI. In the end, the chapter discusses contributions to the current state-of-the-art in the
topic of research methodologies and approaches of HRI. A publication related to this chapter is in
preparation.

1.3.3 Part III: Conclusion

Chapter 8: Discussion and Conclusion

This chapter summarizes the contributions, achievements and novelties of this thesis, discusses
limitations and opens new research opportunities in the field of social HRI.
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Chapter 2

Background and Related work

In this chapter, we present an overview of HRI, from its origins to its applications. First, this
chapter describes development of HRI as a discipline and relevant applications in HRI. Then, this
chapter introduces the current state-of-the-art of the research questions occurred in our thesis.

2.1 Background

2.1.1 Origins of HRI

The concept of robot has a long story in different cultural societies, as it appears in narrative stories
and fictions. The term of robot has been appeared in Karel Capek’s play Roussum’s Universal robots
in 1920. The Three Laws of Robotics [10] introduced by Isaac Asimov in 1941 can be considered as
the first HRI guidelines for researchers. The Three Laws are:

1. A robot may not injure a human being or, through inaction, allow a human being to come to
harm.

2. A robot must obey the orders given it by human beings except where such orders would conflict
with the First Law.

3. A robot must protect its own existence as long as such protection does not conflict with the
First or Second Law.

At the same time, Isaac Asimov pointed out the importance of human behavior toward robots
if the robots have three laws to protect men, is it too much to ask that men have a law or two to
protect robots? The middle of the twentieth century brought the first explorations of the connection
between human intelligence and machines [153]. Around that time, the first robots were realized.
The first industrial robot, the Unimate (see Fig. 2.1), was installed at General Motors’ Inland
Fisher Guide Plant in Ewing Township in 1961. People did consider how they would interact with
the robot, but they were more concerned about the place robots would take among human workers
[14]. The most commonly cited example of an early autonomous robot was Shakey (see Fig. 2.2 )
[94], it was developed from approximately 1966 through 1972 by Scientific research institute (SRI).
There was almost no interaction between people and computers.

In the 1980s robotics was defined as the science which studies the intelligent connection between
perception and action. Behavior-based robots for the first time have been appeared in this period.
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Figure 2.1: Unimate developed by George Devol in 1954

Figure 2.2: Shakey developed by SRI in 1966

In [31], Brooks aimed at building cheap robots that can wander around human-inhabited space
with no human intervention, advice, or control, there was no specific study concerning HRI for the
development of architecture. In the 1990s, robotics researchers were focused on developing products
with wide potential markets aimed at improving the quality of life [153]. In a daily environment,
robots encounter humans, and the interaction among humans, robots and environment becomes
essential. Thus, robotics researchers noticed the importance of HRI, e.g., Arkin et al. proposed the
new approach of perceptual paradigm including the perceptual classes [9]. Hereafter, robots had
various functions with the human-like appearance to interact with human in a social context, e.g.,
Asimo (see Fig. 2.3), a robot designed to interact socially with humans; Pepper (see Fig. 2.4), a
social humanoid robot optimized in HRI; Tiago (see Fig. 2.5), a service robot designed to work
in indoor environments with HRI features [131]. More recently, HRI research has been bolstered
by the availability of reasonably priced commercial platforms that can be readily purchased by
research laboratories. These platforms have expanded both the replicability and comparability of
HRI research across labs, as well as the range of people who can engage in the discipline [14].

2.1.2 HRI applications

A successful HRI application requires "highly efficient" interactivity and robot’s usability in the
specific application domain. Every robot application appears to have some form of interaction. To
further address the HRI research questions, we categorize robots into different domains, and discuss
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Figure 2.3: Asimo developed by Honda from 2000 through 2018

Figure 2.4: Pepper developed by Aldebaran Robotics (now Softbank Robotics) in 2014

the relevant HRI problems of each application.

Industrial applications

Industrial robots, designed for performing operations quickly, repeatedly and accurately. They
have a long heritage in the manufacturing industry, operate in relatively static environments and
in large numbers [71]. To achieve an efficient HRI in an industrial domain, safety is the primary
concern. A safe interaction must be guaranteed to prevent harming humans having a direct contact
with the moving robot [172]. For instance, Lasota et al. [98] present a real-time safety system
capable of allowing safe human-robot interaction at very low distances of separation, without the
need for robot hardware modification or replacement. Additionally, to take full advantage skills
of human skills, Bannat et al. [13] present a small slice of our concept, constituting a foundation
for a multi-modal communication (see Fig. 2.6) between a human and a robot, which is flexible,
robust and most appropriate for hybrid assembly. Intuitive interaction is another issue that may
play a role in improving these human sensing capacities, this view is widely confirmed by many
robot manufacturers [108].

Service applications

Service robots could comprise a single robot or a group of robots working together to achieve a
common goal. For service robotics to move from research labs into wide use, development should
be done in such a way that they provide a useful service with limited intervention by the user at a
reasonable cost [84]. Service robots include tour guide robots, robotic vacuum cleaners, receptionist
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Figure 2.5: Tiago developed by PAL robotics in 2016

Figure 2.6: Multimodal HRI for industrial robot developed by Bannat et al.

robots, pet and toy robots, robots for healthcare, delivery robots, robots for education, etc. The
tasks performed by those robots are repetitive, and they may need to interact with humans. HRI
researchers address the situations when such robots operate in social contexts, and robots come
into regular contact with humans. Social contexts are almost public environments, such as airports,
shopping mall, public office, school, hospital, as well as more private environments, such as home,
private location.

In a social context, the physical embodiment affects and impacts HRI. Therefore, embodied
condition interaction has received a great deal of attention, demonstrating that knowledge is tied
to perceptual, somatosensory, and motoric experience [38]. Furthermore, to seamlessly integrate
into the human physical and social environment, robots must display appropriate proxemic inter-
action, which follow societal norms in establishing their physical and psychological distancing with
people [53, 56, 109]. In [144], the authors report HRI studies in a social context, looking at group
interaction, interpersonal interaction, and rhythmicity as salient factors that ought to be considered
when designing for HRI. More recently, researchers found that persuasion and emotion interaction
are fundamental aspects of how people engage and interact with each other in a social context
[68, 73, 146].
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2.2 Related work

2.2.1 Human factors

HRI research consists of at least two interrelated components: the human and the robot [14]. The
research focus of HRI is on human factors, robotic systems, interaction and interactivity. Designers
and engineers developed robot’s appearance and capabilities based on human factors (i.e., users’
preferences and the users’ attitudes). Understanding how people of different ages, gender and
abilities best learn from robots remains an important challenge that human factors should contribute
to [152]. HRI researchers have classified human factors into four categories: human roles, human
attributes, human composition and human behaviors (see Table 2.1). One common methodology of
HRI community for human factors research is taking place an experimental study. Setting different
experimental conditions, HRI researchers can measure how users react to the different experimental
conditions.

Table 2.1: Human factors in HRI

Human factors Classification
Human role Supervisor, Operator, Collaborator,

Cooperator, Bystander [130, 149]
Human attribute Gender, Age,

Culture, Education [69, 102, 180]
Human composition Single, Group [134]
Human behavior Human behavior toward robots,

Robot’s behavior perceived by human
Proxemics Far, Close, Touching,

Supporting, Invasive [175]

In the field of HCI, Nass et al. demonstrate systematically that users attributes such as age,
gender and personality type are critical aspects of interactive computer interfaces [116, 117]. Reeves
and Nass present the results of numerous psychological studies that lead to the conclusion that
people treat computers, TV and new media as real people and places. To further research relevant
findings of human factors in HRI, we review the most significant literature accordingly [137].

• Gender effect has been studied extensively and demonstrated in several HRI experiments
[37, 52, 69, 101, 113, 147, 154, 159, 174], e.g., males show a significant positive attitude toward
robots in healthcare with respect to females [95]; In [44], the authors reveal a significant trend
between gender and the preferred robot approach direction in a service context.

• Age effect between different age groups is also significant; in particular, children and elders are
susceptible to the impact of users’ perception of HRI [125, 151, 169]. In [69], the authors report
that older participants are less willing to use the robot than younger ones in an experiment
conducted by Robocare robot; In [156], the authors emphasize the importance to seek mutual
gaze and switch addressee often in conversational robot for children.

• Cultural effect exists in both positive and negative attitude towards robots [162, 183]. For
instance, Li et al. conclude that the cultural background predicts people’s positive attitudes
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towards social robots: people from countries that have a high exposure to industrial robots
may have less positive attitudes towards social robots [100]; In [17, 18], the authors report
that American users are the less negative towards robots, while Mexicans are the most nega-
tive, and Japanese participants do not show a particularly positive attitude towards robots.
Furthermore, Lee and Šabanović suggest that culturally variable attitudes and preferences to-
wards robots are not simply reducible to factors such as perceptions and acceptances, rather
they relate to more specific social dynamics and norms [99].

To confirm the relevant findings concerning human factors in the field of social HRI, we are
interesting in validating the research hypothesis as User perception of a robot is influenced by user’s
gender by conducting a HRI confirmatory research study in a social context. The details of this
research study are shown in Chapter 3.

2.2.2 Evaluation techniques

Conducting an experimental study is a common research methodology in the field of HRI. Conse-
quently, the need for developing an appropriate evaluation technique for such studies arises. Eval-
uation techniques vary in the stage at which they are commonly used and where they can be used.
Some are more subjective than others and provide qualitative rather than quantitative measures.
Some required more resources in terms of time, equipment and expertise than others [51]. Hence,
under the premise of ensuring qualitative data, the evaluation technique should be suitable for
experts and participants in terms of ease of use.

In this section, we firstly review the existing evaluation methodologies in the field of social HRI.
In [26, 111, 155], the authors review previous literature and categorize evaluation methodologies
applied in HRI into four main methods: (i) Self-Assessments or Self-Report Methodologies, (ii)
Behavioural measurements, (iii) Psychophysiological measurements, (iv) Task performance met-
rics. Self-assessment and behavioural measures (i.e., subjective measurements) are the most com-
monly primary evaluation methodologies applied in HRI studies and research so far [24]. Psycho-
physiological measurements and task performance (i.e., objective measurements) do not have to rely
on participants to report their intended behaviours or preferences. Steinfeld et al. [158] describe
task metrics of social HRI as follows: navigation, perception, management, manipulation and social
interaction. Tiberio et al. [165] suggest that HRI experimental evaluation method should combine
objective and subjective measures.

Questionnaires and observation techniques are often required in experimental evaluation studies
with experts or participants as measurement tools in the field of social HRI. Observational studies
can rely on data collected in several different ways: notes and logs, video recording and robot logs
[14]. The observer effect (also known as the Hawthorne effect) can affect social facilitation or social
inhibition [78]. Comparing to observation techniques, questionnaires can be used to reach a wider
participant group in a social context, it takes less time to administer, and it can be analyzed more
rigorously [51].

We secondly review the exist questionnaires applied in the field of social HRI. The most highly
cited questionnaire in the field of HRI is the Godspeed questionnaire, covering five aspects as anthro-
pomorphism, animacy, likeability, perceived intelligence, and perceived safety. The results have been
distilled into five consistent questionnaires using semantic differential scales [16]. Negative attitudes
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toward robots scale, consists of fourteen questionnaire items, measuring humans’ attitudes toward
communication robots in daily life [123, 127]. Robotic social attributes scale (RoSAS), consists of
18-item scale, is a validated scale to measure social perception of robots [33]. Technology-specific
expectation scale (TSES) and Technology-specific satisfaction scale (TSSS) have been developed by
Oliveira et al. to measure users’ expectations before seeing and before interacting with a robot,
and their satisfaction after the experience of interaction [5]. TSES and TSSS were developed for
children to evaluate robot tutors. Frankenstein Syndorome Questionnaire is a psychological tool
for measuring acceptance of humanoid robots, as well as expectations and anxieties [126]. Multi
dimensional robot attitude scale investigate 12 dimensions that construct people’s attitudes toward
domestic robots [120]. Overall, there are very few questionnaires created for social HRI studies that
meet validity and standardization criteria [21, 92].

To date, there is no clear method that covers subjective measurements and objective mea-
surements of socially task-driven interaction in a social environment. To tackle this challenge, we
realized a simple and repeatable approach to develop a questionnaire that is specifically tailored for
contexts where the interaction happens. The details of this study are shown in Chapter 4.

2.2.3 Experimental evaluation settings

Setting an experimental evaluation study for HRI research is critical, because there are many ex-
perimental conditions (i.e., factors) that need to be considered. A successful user study in HRI
requires to plan and design the experiment carefully [25].

Participants

The choice of participants in an experimental evaluation setting can influence the findings and
the success of evaluation user studies. The number of samples should be chosen to match the
experimental circumstance. Previous HRI users’ studies have frequently few participants [21, 90,
113]. For instance, about 44% of user studies published in the proceedings HRI’17 involve fewer
than 30 participants. In [96], the authors review the HRI publications of last 10 years, and claim
the average number of participants per study was 49. The highest average number of participants
is Social Definition at a 79 participant average, which is also the area with the largest number of
authors, whereas many of the studies categorize in the Social Definition area are conducted online
through Amazon Mechanical Turk, and therefore have a relatively large number of participants.
Bethel and Murphy claim that determining the appropriate sample size appears to be a challenge
in human studies in HRI [25]. Hence, larger and more physical representative samples are required
when conducting experimental studies in social contexts.

User population effect can influence the findings and the success of evaluation user study as
well. In [114], Mutz explains that the population-based experiments involve applying complex
statistical models to estimate of convenience sample-based experimental treatment effects in order
to estimate what they might be in the population as a whole. Samples of participants of previous
HRI studies are often ’convenience’ samples [19], whilst it is indeed convenient to use students to
present a whole population. As we know from previous HRI research literature, human factors
such as gender, age, education, etc., can influence users’ perception of HRI. Hence, to avoid this
problem, we need to emphasize the concept of "diversity" of representative samples when we recruit
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participants. Belhassein et al. suggest to widen the recruitment and randomly recruit people
in social circumstance, because recruited participants should represent the target population [21].
There are several recruitment methods available, and they should be implemented for a successful
study (e.g., flyers, participant pools, database, etc.) [25].

Environment

For a successful study, the environment should reflect realistically the application domain and the
situations that would likely to be encountered so that participants respond in a natural manner [25].
The environment in which an experimental study is conducted can influence the findings and the
success of the study. Baxter et al. [19] review the experiments of the published papers in the last
three years (i.e., 2013, 2014 and 2015) of HRI conference, the majority of HRI studies have been
conducted in laboratories. The laboratory environment is often used for research studies because it
is cheaper than real or realistic environment. However, it is not easy to conduct the experimental
study in a real environment due to privacy laws or local regulations. Thus, we need to mimic a real
environment by setting up a realistic environment in social contexts.

Robot’s autonomy

Beer et al. [20] categorize the levels of robot autonomy into 10 levels, from manual tele-operation to
full autonomy (see Table 2.2). Specially, Tsiakas et. al [167] present a taxonomy regarding level of
robot autonomy (see Fig. 2.7) in the field of socially assisted robots. Except for full autonomy level,
all the others can be considered as Wizard-of-Oz (WoZ) methodologies in experimental studies.

Table 2.2: Level of robot autonomy [20]

Level of robot autonomy
1. Manual Teleoperation
2. Action Support
3. Assisted Teleoperation
4. Batch Processing
5. Decision Support
6. Shared Control with Human Initiative
7. Shared Control with Robot Initiative
8. Supervisory Control
9. Executive Control
10. Full Autonomy

Wizard-of-oZ (WoZ) refers to a person (usually the experimenter, or a confederate) remotely
operating a robot, controlling any of a number of things, such as its movement, navigation, speech,
gestures, etc [139]. WoZ is particularly suitable in situations in which technology of robot is in
developing process. Baxter et al. review the interactive studies of published papers in the last
three years (i.e., 2013, 2014 and 2015) of HRI conference, reporting only 40% of interactive studies
were performed with autonomous robots, and 60% of interactive studies were performed with Woz
methodologies [19]. Weiss claims that a WoZ controlled robot is serving more as a proxy for a
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Figure 2.7: Levels of robot autonomy during perception and behavior control [167]
X represents adaptive social behavior generation for assistive robots; O represents supervised

autonomy system for robot-enhanced therapy

human and less as an independent entity. Thus, WoZ is not really human-robot interaction so much
as human-human interaction via a robot [182]. For this reason, we encourage HRI researchers to
conduct experimental studies in social contexts through robots that act autonomously.

Although HRI research involving real-world autonomy is still limited in social contexts [38],
there has been an increased interest over the past decade in developing and studying autonomous
systems in the wild. To fulfill these requirements of participants, environments and robot’s au-
tonomous system for an experimental setting, we proposed the Smart City Robotics Challenge (the
SciRoc challenge), a robotic competition that offered the possibility to concretely enact experimen-
tal studies to investigate users’ attitudes in a specific HRI scenario involving full autonomy robots.
The considered HRI task performed in the SciRoc challenge has the following features: i) realis-
tic and dynamic social environment; ii) representative sample of users selected form the crowd by
SciRoc organization; iii) robots configured to act autonomously, without the need of any external
guidance. The details of this experimental study are shown in Chapter 5.

2.2.4 Task scenario

A scenario involves individuals, objects, and events referring to a situation or more precisely, an
episode [187]. In a social context, a scenario refers to the activities performed by a person or a
group of person in relation to a social robot or a group of social robots. HRI scenarios have been
widely used for evaluating studies [188], as HRI scenarios could be used to help convey meaningful
context to the interactions.

As we know, methods and techniques from the field of HCI could contribute to and learn from
recent developments in the area of HRI [54], in particular, HCI methods that deal with scenarios
provide a rich representation of activities from which cognitive and organizational perspectives can
be developed [34]. First of all, we review the frameworks applied to HCI scenarios, e.g., Rosson and
Carroll [143] present a framework for HCI scenarios (see Fig. 2.8), which analyze seven elements
including setting, actors, task goals, plans, evaluation, actions and events. Benyon and Macaulay
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[23] provide a more structured approach comparing to Carroll’s scenario-based design.

Figure 2.8: HCI scenarios defined by Rosson and Carroll [143]

Secondly, we review the frameworks that are applicable to various HRI scenarios. For instance,
Onnasch and Roesler [130] present the HRI taxonomy framework which provides predefined cate-
gories to enable structured comparisons of different HRI scenario. The taxonomy framework includes
three category clusters: Interaction context (dark grey), robot (medium grey) and team classifica-
tion (light grey) (see Fig. 2.9). The interaction context classification describes the first layer of
the hierarchical structure of the HRI and aims to explicate the specific domain context. The robot
classification focuses on the robot’s work context and design with the three variables of robot task
specification, degree of robot autonomy, and robot morphology. The team classification to HRI
scenarios characterizes the structure of interaction, aspects of composition and teamwork that are
addressed with four variables: human role, team composition, communication channel and prox-
imity (physical and temporal). In [7], Andre et al. present the Environment Norms Autonomy
Composition Task Embodiment Duration (ENACTED) framework providing an organised structure
around the definition of scenarios for human-agent and/or human-robot group interaction. More-
over, Agrigoroaie et al. [2] design a scenario diagram for experimental studies. Robins et al. [141]
present a general methodological approach for scenario development in HRI research in the context
of Robot-Children interaction (RCI). Zlotowski et al. [191] develop HRI scenarios based on human-
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human studies as cost effective method to be used in the early phases of robot development. Malik
et al. [103] develop on interactive scenarios concerning the suitability of measuring items in the
Gross Motor Function Measure (GMFM) that is suitable to be applied to humanoid robot NAO.

Figure 2.9: Taxonomy for HRI scenarios defined by Onnasch and Roesler [130]

Building upon methods and frameworks proposed, we develop a new approach for designing
a repeatable task scenario in a robotic competition. To be more specific, we designed our task
scenario, the most sociable episode of the SciRoc challenge "Take the elevator - E4", in which
a robot must take an elevator of the shopping mall with customers to reach a service located in
another floor. An approach to scenario design consists of two phases: (i) analyze concretely the
elements of the HRI task scenario; (ii) sketch out the layout of the HRI task scenario. The details
of this development are shown in Chapter 6.

2.2.5 Research methodology and research approach

The growing need for HRI research brings credibility and validity to scientific research, HRI re-
searchers learn from relevant research methods and develop new research approach applicable to
HRI.

A qualitative method allows researchers to understand qualitative of an interaction that are
difficult to capture in numbers. It requires researchers to identify and interpret the underlying
meaning or thematic patterns that they see in the social interaction. A qualitative method focuses
on exploring ideas and formulating a theory in the context of social science and psychology, requires
few participants, collects qualitative data through interview, focus groups, ethnography and liter-
ature review. Qualitative data is non-numerical meaning that it is difficult to analyze, it consists
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of texts, images and videos. Researchers analyze qualitative data by adopting content analysis,
thematic analysis, text analysis and discourse analysis. For instance, Bickman and Rog [27] design
an interactive model of qualitative methods (see Fig. 2.10), the model of research design have five
components: goals of the experimental study, conceptual frameworks concerning literature and pre-
liminary studies, research questions, methods for the experimental study and validity concerning the
results and conclusions. However, the research studies on developing qualitative research methods
for HRI are still underestimated.

Figure 2.10: Social qualitative research approach developed by Bickman and Rog [27]

Quantitative methods, in contrast, often take the shape of surveys or controlled experiments
and produce data that can be expressed numerically and analyzed statistically [14]. A quantitative
method focuses on confirming a theory or hypothesis in the context of social science and psychology,
requires large scale participants, collects quantitative data through surveys, observational cameras,
etc. HRI researchers might arise from theoretical considerations, such as the expectation that people
will treat robots as social or form the pragmatic need to test the usability of a certain robot feature
or function [14]. Formulating a hypothesis is proposing a prediction of the possible outcome of an
experiment. The aim of the experiment is to show that this prediction is correct. It is framed
in terms of the independent and dependent variables, stating that a variation in the independent
variable will cause a difference in the dependent variables [51]. Hence, along with formulating the
research hypothesis, HRI research should establish correlation or causation between the variables.
The establishment between correlation and causation can impact the adoption of data analysis
method as well. Quantitative data is numerical meaning that it can be analyzed by statistical
or mathematical methods. In this section, we list some of data analysis techniques often used in
quantitative approach [40]:

• Analysis of variance (ANOVA): A parametric statistical test for determining whether the
means of two or more groups on a single dependent variable differ significantly from each
other by chance.

• Multivariate analysis of variance (MANOVA): A parametric statistical test used to deter-
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mine whether the means of two or more groups on two or more dependent variables differ
significantly from each other by chance.

• Maximum likelihood method: A method for finding estimates of the population parameters of
a model which are most likely to give rise to the pattern of observations in the sample data.

• Parametric test: A statistic test based on the assumption that the population from which the
samples are drawn is normally distributed.

• Correlation: An index of the strength and direction of the linear association between a quan-
titative criterion variable and a quantitative predictor variable controlling for the linear asso-
ciation between the predictor and one or more other quantitative predictor variables.

• Post-hoc test: A test for determining whether two groups differ when there are no strong
grounds for expecting they will.

For instance, Hoffman and Zhao [72] develop an HRI quantitative approach (see Fig. 2.11). It begins
with clarifying research questions, constructs, and hypotheses (Sections 2 and 3) and then moves
to study design, which includes choosing variables and measures (Section 4), planning the study
procedure (Section 5), and sampling participants (Section 6). It then goes on to cover data collection
(Section 7), some commonly used experimental statistical methods and their appropriateness in
various contexts (Section 8), as well as recommendations for reporting and discussing results (Section
9).

However, measuring behaviors in the field of HRI is not easy: not only one has to deal with a
different, embodied technology compared to computers, but also their application poses different
technical and social challenges for research. It is important to be precise about the methodological
approaches used in HRI studies, but at the same time HRI research needs to be aware that there
is no ‘once-and-for-all’ solution applicable across HRI [42]. For instance, Broadbent et al. [30] de-
scribe an HRI research approach, which aims to develop and test healthcare robots for older people.
The research approach which consists a series of steps: literature review, identifying needs, imple-
menting robots, evaluation studies by adopting qualitative approaches or quantitative approaches,
measurement of outcomes, risks and benefits, providing good quality of life, usability studies.

Hence, we summarize some differences, advantages and disadvantages between qualitative ap-
proach and quantitative approach in the field of HRI as follows:

• Qualitative approach is used for exploratory research study vs Quantitative approach is used
for confirmatory research study

• Qualitative approach is subjective vs Quantitative approach is objective

• Qualitative approach requires few participants vs Quantitative approach requires large scale
samples

• Qualitative approach collects data through interview, focus groups, ethnography and literature
review vs Quantitative approach collects data through surveys, cameras, etc.

• Qualitative approach analyzes data through content analysis, thematic analysis, text anal-
ysis and discourse analysis vs Quantitative approach analyzes data through statistical and
mathematical methods.
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Figure 2.11: HRI research framework developed by Hoffman and Zhao [72]

• Qualitative approach is easy to implement vs Quantitative approach is difficult to implement,
specially, in the context of social HRI.

To improve the existing research approaches and methodologies in the field of HRI, we propose a
new HRI qualitative and quantitative (i.e., mixed-method) research approach aiming at contributing
more reliable research results. The details of this development are shown in Chapter 7.
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Chapter 3

Human factors: Investigating User
Perceptions of HRI in Social Contexts

3.1 Introduction

While analyzing the present and future roles of HRI in social contexts, we shall be aware of the
underlying principles and the influences by human factors. HRI researchers suggest that, from
the perspective of the user, interaction with an artificial entity is similar to interaction with fellow
humans. Explanations for this treatment of robots in a social way assume that due to our social
nature, humans will use their interaction routines also when confronted with artificial entities [93].
In particular, there is considerable interpersonal variation factor with respect to whether or not
artificial communication partners are treated as social actors [57]. To explore the influences of
human behaviors by human factors in HRI, we consider previous users studies which aim to discover
and characterize possibly influencing factors of human attitude toward robots. For instance, Vanzo
et al. [171] were interested in investigating influence of human collaborative attitudes toward robots
by user’s gender, user’s height and proxemics (i.e., human factor); the authors have conducted a
quantitative HRI confirmatory research study. De Graaf et al. have conducted a qualitative HRI
exploratory research study and the authors were interested in exploring the relation between an
interaction with a robot and peoples’ attitudes and emotion towards robots and such influences
by user’s gender and user’s nationality (i.e., human factors) [49]. By analyzing the literature, HRI
researchers usually investigate human factors by conducting two kinds of research study:

• Exploration research study: It explores relevant findings without expectation. It can be
considered as a qualitative research methodology.

• Confirmatory research study: It validates a research hypothesis. It can be considered as
a quantitative research methodology, as it allows researchers to confirm hypotheses through
data analysis obtained by experiments.

The findings obtained by previous HRI studies concerning human factors are shown in Section
2.2.1. In this chapter, we are interested in validating the hypothesis on gender effect as primary
goal. Since interaction modality has been demonstrated as an influence factor in HRI [160], we are
interesting in validating the hypothesis on interaction modality effect as the secondary goal. To
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sum up, we propose an HRI confirmatory research study by conducting an empirical experiment in
a real context to validate the hypotheses on gender effect and interaction modality effect.

3.2 Methods and Materials

3.2.1 Defining research question

To form a research question, we extend the relevant findings in the field of social HRI concerning
gender effect and interaction modality, and propose the hypotheses as follows:

• Hypothesis 1 (H1): User perception of a robot is influenced by user’s gender in a social context.

• Hypothesis 2 (H2): User perception of a robot is influenced by changing the interaction
modality with the robot.

3.2.2 Determining dependent factors and independent factors

We design our research study by first carefully selecting the dependent factors to be measured and
the independent factors to manipulate for producing many conditions for comparison.

New data confirm two universal dimensions of social cognition: warmth and competence. Pro-
moting survival, these dimensions provide fundamental social structural answers about competition
and status [58]. Moreover, to facilitate interactions between human and robot, we divided robot’s
behaviors perceived by human into two categories: comfort behaviours of robot and discomfort
behaviors of robot. Hence, user perception on robot’s behaviors can be represented by three as-
pects: warmth of robot, competence of robot and discomfort of robot. We identified 18 dependent
factors to be considered, reflecting the user perceptions that can be captured during an interaction
with a robot. According to RoSAS [33], any dependent factor can be associated with one of the
three aspects of user perception. Specifically, factors happy, feeling, social, organic, compassionate,
emotional with warmth of robot; factors capable, responsive, interactive, reliable, competent, knowl-
edge with competence of robot; factors scary, strange, awkward, dangerous, awful, aggressive with
discomfort of robot.

Since the value of dependent factors is "dependent" on changes made to the independent factors,
we identified two of such factors: gender and interaction modality, in particular, gender assumes
two values male and female. Concerning the interaction modality, we identified four different values
for each factor:

• Funny modality (F): Robot tells a funny joke to the user in Italian language;

• Junior modality (J): Robot asks a short and easy question in Italian language, and the user
selects one of the available answers on the tablet. Finally, the robot provides a comment on
the user’s answer;

• Senior modality (S): Robot asks a long and non-trivial question in Italian language, and the
user selects one of the available answers on the tablet. Finally, the robot provides a comment
on the user’s answer.

• Foreign modality (E): Like the Junior modality, but questions and feedbacks are provided in
English.
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All the above interaction modalities are enacted by the robot with the aid of gestures, head-pose,
gaze pattern, images shown on the tablet and voice (see Fig. 3.1).

Figure 3.1: Funny modality interaction implemented with Pepper

3.2.3 Selecting robots

Pepper is a robot (1), developed by SoftBank Robotics, created with the goal of achieving these
interaction modalities.

Pepper is an industrially produced humanoid robot launched in June 2014 that was first created
for B2B needs and later adapted for B2C purposes. The robot is capable of exhibiting body
language, perceiving and interacting with its surroundings, and moving around. It can also analyze
people’s expressions and voice tones, using the latest advances and proprietary algorithms in voice
and emotion recognition to spark interactions. The robot is equipped with features and high-
level interfaces (i.e., tablet, etc.) for multimodal communication with the humans around it [132].
Moreover, Pepper robot becomes a well recognised example of social robotics moving into public
social contexts [1, 118]. As we expect to study the interaction between one robot and people, we
decide to conduct our experimental study by employing one Pepper robot.

3.2.4 Implementing interaction modalities

The interaction with the robot happened in a face-to-face fashion. Users select one of the four
available interaction modalities, and the robot activated the routine associated to selected modality.
The diagram of the four available interaction modalities is shown in Fig 3.2. The duration of each
single interaction is around 2 minutes. Users are free to complete an interaction or leave it anytime.
When a single interaction expired, the users could leave the "demo area" or start a new interaction
with the robot. Since we conduct our experimental study in a public social context, tactile user
interaction (through the tablet) is preferred over speech due to the noise occurred.

1https://www.softbankrobotics.com/emea/en/pepper

26



3.2. Methods and Materials

Figure 3.2: Diagram of the four interaction modalities

3.2.5 Selecting experimental contexts

We performed our user study in the range of Maker Faire (2), an event created by Make magazine to
"celebrate arts, crafts, engineering, science projects and the Do-It-Yourself (DIY) mindset". Maker
Faire events have been held in Europe, America, Asia and Africa since 2006. The Maker Faire event
where we conducted the experiment was held in Rome from 12th October to 14th October, 2018
(see Fig. 3.3). The Maker Faire event in Rome aims at showcasing recent innovative technological
solutions. In order to increase the attention of the participants, we placed the robot in the corridor
of the venue.

Figure 3.3: Maker Faire event 2018 in Rome

3.2.6 Selecting participants

In social contexts, users are male or female, and usually have a broad range of age, nationality,
cultural background, etc. We employed the robot in a social context, and expect the natural and
spontaneous interaction between the robot and people. Therefore, any user participating to the
Maker Faire event 2018 in Rome was representative for our experimental study. We use the term
subject or participant to refer to a person taking part in an experiment [170].

2https://makerfairerome.eu/it/edizioni/2018-it/
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3.2.7 Selecting experimental designs

We perform our experimental study using the between-subject design, i.e., each user was assigned
randomly to a different experimental condition, consisting of a single interaction or multiple in-
teractions with the robot. Between-subject designs are typically cleaner because participants are
exposed to only one experimental condition and typically do not experience practice effects or learn
from other task condition [25]. Data analyses of between-subject design are statistically simple to
perform as long as random assignment is achieved across groups [36]. Hence, we adopt t-test and
ANOVA for data analysis.

3.2.8 Selecting evaluation techniques

We focus on investigating three aspects of user perception: warmth of robot, competence of robot and
discomfort of robot. In order to collect users’ feedback, we conduct a user study by adopting Robot
Social Attribute Scale (RoSAS) survey, due to its proven effectiveness when employed in social
contexts. We translate RoSAS survey in Italian language (see Fig. 3.4). Once a user completed
a (single or multiple) interaction with the robot, we collect her/his feedback through the RoSAS
survey. Users have to fill general information such as age, gender, profession. Then they provide a
score from 1 to 9 to any of the 18 dependent factors to be measured.

Figure 3.4: RoSAS survey in Italian language
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3.3 Data Analysis and Results

3.3.1 Data collection

145 users participated to the experimental study spontaneously. We collected 125 valid answers
to the survey. Since only one user has selected the "foreign" interaction modality, we decided to
exclude such modality from the analysis and focus on the other three modalities. Gender distri-
bution was as follow: 44% of male users, 53,6% of female users and 2,4% of users that did not
declare their gender (see Fig. 3.5). Users have declared their interaction modalities. Distribution
of users in single and multi interaction modalities are shown in 3.6. The first four elements of
the distribution table concern single interaction modality, meaning each user have selected only
one interaction modality. The six elements in the middle of the distribution table concern plural
interaction modality, meaning each user have selected two interaction modalities. The five elements
at the bottom of the distribution table concern multi interaction modality, meaning each user have
selected three or four interaction modalities.

Figure 3.5: Distribution of user’s gender

Figure 3.6: Distribution of users in single and multi-interaction modalities

3.3.2 Analyzing impact of gender on user perception

We analyzed gender information of each user that performed exclusively a single interaction with the
robot. Then, we used t-test, a type of inferential statistic used to determine if there is a significant
difference between the means of two groups, to check how male and female users perceived the inter-
action with the robot in the different interaction modalities. Significant results (i.e., p<0.05) have
been found in any of the interaction modalities. For example, female users found the robot more
biologic, compassionate and capable during the “Funny” interaction modality (p organic =0.039, P

29



3.4. Discussion and Conclusion

compassionate =0.0228, p capable =0.035), and more responsive, interactive, reliable, competent, and
knowledgeable (all aspects related to the competence perceived of the robot) in the “Senior” interac-
tion modality (p responsive =0.033, p interactive =0.0309, p reliable =0.0129, p competent =0.0125,
p knowledgeable =0.0354). It is worth to notice that, even when the results are not statistically
significant, the mean of the answers provided by female users is always higher than for male users,
whose answers have often a larger variance.

We conclude that male users have more expectations in the competence of the robot when the
interaction becomes more elaborated (i.e., during the “Senior” interaction modality). This confirms
our first experimental hypothesis.

3.3.3 Analyzing impact of different interaction modalities on user perception

First of all, we analyzed only users that performed exclusively a single interaction with the robot.
For any of the 18 dependent factors (e.g., “biologic”, etc.), we used ANOVA to check if there
were statistically significant differences in the obtained scores related to the factor by varying
the interaction modality (i.e., “Junior” vs “Funny” vs “Senior”). Only in one case – “scary” – we
found a significant difference (p<0.05) between the collected scores (p scary =0.0193). To precisely
identify the source of the difference, we used t-test to compare the scores obtained for the “scary”
factor evaluating interaction modalities in pairs. In this way, we identified that users perceived
a greater feeling of discomfort (in particular, of scary) when the interaction with robot was more
elaborated, such as in the “Senior” and “Funny” modalities, while this discomfort disappeared when
the interaction happened exclusively in the “Junior” modality.

Secondly, we checked with ANOVA if performing multiple interactions (that always included the
“Senior” and “Funny” modalities) could reduce the feeling of discomfort behaviour got during single
interactions, but no statistical evidence has been captured. Hence, this allows us to conclude that
our second experimental hypothesis is satisfied only for one dependent factor (i.e., scary) during
the “Senior” and “Funny” interaction modalities.

3.4 Discussion and Conclusion

The aim of this study is to discover gender differences in real social context interacting with an
autonomous robot.

We present an HRI confirmatory research study in the real social context of Maker Faire 2018
in Rome and validate the relevant results concerning gender effect and interaction modality effect.
Leveraging on Robot Social Attribute Scale (RoSAS) survey and on a statistical analysis, our results
show male users will be more likely to accept robot in a public social environment if they know that
the competence of the robot was elaborated, in contrast, female users will be more likely to accept
robot in a public social environment when they perceived "less" complicated of the competence of
the robot. Hence, the findings can benefit a more precise interaction and design model with which
it could fit individual needs in social contexts.

Moreover, our results show performing multiple interactions could reduce the feeling of discom-
fort got during single interactions. This finding can benefit social robot researchers to deal with
users’ negative feelings toward robots in real social contexts. Avoiding fears and anxiety toward
robot is a specific theme that should be addressed in near future.
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This study confirms the importance of human factors in the field of social HRI. Conducting
experimental studies in researching human factors can be challenging. Careful planning and design
can make the experience more positive and successful [25]. Through the use of an appropriate
evaluation technique, research findings obtained can provide more validity and credibility. In Chap-
ter 4, we address the specific problem on developing an appropriate evaluation technique in social
contexts.
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Chapter 4

Evaluation technique: Developing a
Questionnaire to evaluate customers’
perception in the SciRoc challenge

4.1 Introduction

In the field of HRI, query techniques are used to collect details of the user’s perception about
the interaction with a robot. The advantage of such methods is that they get the user’s viewpoint
directly and may reveal issues that have not been considered by the designer [51]. Two main types of
query techniques are often used in HRI experiments: interviews and questionnaires. Interviews are
particularly effective for collecting information about user preferences, impressions and attitudes.
On the negative side, they are time consuming. Consequently, they are not suitable as evaluation
techniques in social contexts because they usually reach a limited number of users. In contrast,
questionnaires can be used to reach a wider participant group as they take less time to administer,
and the answers can be analyzed more rigorously. Since the evaluator/researcher is not directly
involved in the completion of the questionnaire, it is crucial that it is well designed. Developing
a valid questionnaire can take a considerable amount of time and the absence of standardisation
makes it difficult to compare the results with other studies [148].

To date, with the context of existing questionnaires employed in HRI (see in Section 2.2.2),
there is no clear method that covers the breadth and depth of the social task-driven interaction
experience with robots.

With the purpose of testing and evaluating human behaviours toward robot and robot’s behav-
ior perceived by human in the field of HRI, we realise a simple and repeatable approach to the
development of a questionnaire that is specifically tailored for the task-driven context. To achieve
this objective, we focus on the most social episodes of the SciRoc challenge - "Take the elevator
(E4)". E4 is the collaborative task which the robot must take an elevator crowded with customers
to reach a service located in another floor. In E4, the robot is able to enter/exit the elevator at
the right floor in the presence of people nearby and /or inside. To perform the task, the robot can
interact with the customers in spoken language. The robot is not supposed to push buttons, and
it can ask the people around to do it (see Fig. 4.1). According to the rules for E4, the robot will
encounter two persons while moving towards the elevator. Once arrived in front of the elevator, the
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robot will encounter one to three persons. All such people will take the elevator with the robot.

Figure 4.1: E4: Take the elevator

To develop an effective questionnaire that is able to properly capture users’ perceptions after
their interaction with the robot in E4, it is necessary to understand which robot’s behaviors may
positively or negatively affect users perception. Since there may be discrepancies between subjective
assessment and objective assessment, a number of studies of HRI have combined both measurements
[145], and our questionnaire follows the same principles. To this end, a crucial step of our approach
has consisted of identifying such behaviors through dedicated interviews and preliminary surveys
performed with both experts and non-experts in the HRI field, running two demos of the task. In
particular, we leverage the scenario presented in E4 to develop a new type of questionnaire that
focuses on three perspectives, which describe interaction experience with robots in social contexts:
Social behavior of robot, Proxemics between human and robot, Collaboration behavior of robot.

4.2 Approach

4.2.1 Overview of the Approach

The proposed approach to the questionnaire development is based on two steps, as shown in 4.2.

Step 1

First, we implemented and recorded two complete demos of E4 in the corridor of our department.
Then, we relied on dedicated interviews with researchers in robotics to understand which robot’s
behaviours can potentially affect the users’ perceptions during a task of HRI in a social environment.
The results of the first step have allowed us to identify the preliminary robot’s behaviors.

Step 2

Second, leveraging a user survey performed with non-experts in HRI, we validated which of the
previously selected behaviours are concretely relevant from the user perspective, filtering out those
ones considered as secondary. The results of this second step have allowed us to derive the final list
of behaviours to capture in the questionnaire.

4.2.2 Implementing of two demos for E4

To capture the potential interesting behaviors of the robot during E4, we implemented, executed
and recorded (through a video camera) two complete demos of E4 employing two different types of
robot. We mimicked the scenario of E4 and performed the task in the corridor of our department.
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Figure 4.2: Overview of the Approach

Figure 4.3: Pepper, Social robot selected to perform the two demos

For the first demo, we chose Pepper (see Fig. 4.3) as social robot, which can interact with users
through spoken language or, alternatively, with a tablet attached to the robot. The tablet displays
images and allows for tactile interaction.

For the second demo, we chose MARRtino (1) as social robot (see Fig. 4.4). MARRtino is a
ROS-based low-cost differential drive robot platform that can be assembled in many shapes. We
assembled MARRino with a tablet, a microphone and a loudspeaker. The tablet displays images,
detects faces, and communicates with users.

We performed both demos using Wizard-of-Oz method [139]. The video recordings of the demos
are available online, at: https://bit.ly/2I8zBxU and https://bit.ly/2VhGvbT. It is worth to
notice that our decision to employ two robots having different shapes (Pepper with human-like
features, MARRtino with a machine-like shape) has been targeted to avoid that the shape of the
robot could influence the spectrum of behaviours perceived by the users during a HRI task.

4.2.3 Determining the preliminary robot’s behaviors through interviews

Recording demos of E4 was useful to show the concrete working of the episode to several users. In
this direction, we realized dedicated interviews with five researchers of the robotic laboratory at
Sapienza University of Rome, showing them the video demos of E4. The interviews were targeted
to investigate which of the behaviours covered by the existing query methods in HRI are able
to potentially affect the users’ perceptions during E4. To this end, we grouped such behaviours
according to the three perspectives discussed at the end of introduction, and we expanded and
analyzed them one by one (see Fig. 4.5).

• Social behavior of robot. For this perspective, we relied on RoSAS, which was developed
exclusively to measure the social behavior of a robot in an HRI task. RoSAS considers the
following behaviors:

– Warmth of robot, Happy, Feeling, Social, Organic Compassionate, Emotional.
1https://www.marrtino.org/
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Figure 4.4: MARRtino, Social robot selected to perform the two demos

Figure 4.5: Analyzing the preliminary robot’s behavior through interview

– Competence of robot, Capable, Responsive, Interactive, Reliable, Competent, Knowledge-
able.

– Discomfort of robot, Scary, Strange, Awkward, Dangerous, Awful, Aggressive.

The researches involved in the interview evaluated all the behaviors covered by RoSAS as
potentially relevant (except Organic, which was filtered out) for measuring users’ perception
in E4.

• Proxemics between human and robot. Proxemics is the study of how a robot uses the available
space considering the physical and psychological distancing from humans [109]. People might
perceive robots that do not show appropriate distance as threatening to their social environ-
ments and work practices [133]. On the other hand, carefully designed proxemics behaviors
in robots might foster closer relationships with humans, enabling widespread acceptance of
robots. While this issue is well investigated in the literature (e.g., see [164, 171]), in E4 we de-
cided to analyze proxemics through customers’ perceptions. In this direction, the researchers
involved in the interview considered the following behaviours, covered by [16] and [105], as
potentially relevant in E4, except the competence of robot, which was already discussed in the
previous perspective:

– Engagement, robot looks at an object, robot looks at user’s eyes, robot looks at user’s
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face, users look at robot’s face, users look at robot’s eyes, users pay attention to the
conversation with robot, users understand well the meaning of the conversation. These
behaviors can be considered as objective assessments.

– Anthropomorphism of robot, natural, human-like, conscious, lifelike, moving elegantly.

– Likeability or robot, like, friendly, kind, pleasant, nice. Moreover, researchers suggested
the insertion of an additional behaviour: politeness of the robot.

– Technology adoption by customers, adaptability, ease of use, usefulness, trust.

• Collaboration with robot, on the basis of previous studies on collaborative attitudes of humans
towards robots (see [12, 171, 184]), the following behaviours were considered as potentially
relevant in E4 by the researchers involved in the interview:

– Users’ willingness to help, attractiveness, enjoyment, endearment, symbiotic relationship,
reciprocity relationship, collaborativeness.

Conversely, researchers decided to exclude the behaviors related to the avoidance of users to
help, e.g., unconcerned, authoritative, handful, hateful.

4.2.4 Evaluating with non-experts

After the identification of preliminary robot’s behaviours through the interviews, we performed a
survey with 100 users having no previous experience with robots (i.e., non-experts). Such users were
invited to watch the video recordings of the two demos: 51 of them watched the first demo, the other
49 watched the second demo. Users were selected randomly among the undergraduate students at
Sapienza University of Rome. Once a specific user completed watching the video recording of a
demo, s/he was asked through the survey to indicate which robot’s behaviours s/he perceived as
relevant during the recorded HRI task. The survey has been implemented in Italian language (See
Fig. 4.6). In a nutshell, for any of the behaviours identified the user could decide to select (or
neglect) it, e.g., a user could consider the interaction as Social but not Knowledgeable. We finally
collected 100 answers to the survey.

4.3 Data Analysis and Results

4.3.1 Data Analysis

100 users participated our research study as non-experts. The gender distribution was as follows:
74% of male users, 24% of female users and 2% of users that did not declare their gender (see Fig.
4.7). The average age of users was 21,05 years old. The analysis of the data collected with the
survey has been enacted following a three-steps approach.

• The first step: for each demo, we assessed how many times a behaviour was selected by the
users. Specifically, if N is the amount of performed surveys for a specific demo and K is the
number of times that a behaviour B is selected, we decided to consider B as relevant for the
final questionnaire if K/N > 0,5, i.e., if more than half of the users selected B in the survey.
Conversely, we immediately discarded all behaviours for which K/N < 0,2. For example, if
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Figure 4.6: Survey for non-experts evaluation

Figure 4.7: Gender distribution

we consider the first demo, the Social behaviour of the robot was selected K = 44 times out
of N = 51 surveys (see Fig. 4.8). This means that more than 86% (i.e., 44/51 = 0,86) of
users perceived the robot as Social. On the other hand, only 1 user perceived the robot as
Dangerous, meaning that only 1,9% (i.e., 1/51 = 0.019) of users selected this behaviour as
relevant. Consequently, it was filtered out by the questionnaire.

• The second step: for all those behaviours for which 0, 2 ≤ K/N ≤ 0, 5 ,we performed a sta-
tistical test to investigate if it could be considered for the questionnaire or not. Specifically,
we leveraged the binomial test [32], a statistical procedure that compares the observed fre-
quencies of the two categories of a dichotomous variable to the frequencies that are expected
under a binomial distribution with a specified probability parameter. The null hypothesis for
this kind of test, which is also the one we wanted to confirm, is that the observed results do
not differ significantly from what is expected. To be properly run, a binomial test requires
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Figure 4.8: Social behavior of Robot

three ingredients: N, K, and a probability parameter, that in our case can be set to 0,5. For
example, if we consider the first demo, 23 users perceived the robot as Happy, i.e., the ob-
served proportion was K/N = 23/51 = 0,45. Our null hypothesis states that this proportion
should be 0,5 for the entire population of N = 51 surveys. The outcome of the binomial test
is the p-value, which in this case is 0,576, i.e., there is 57,6% of chance of selecting 23 times
the behavior Happy out of N = 51 surveys performed with respective users. If this chance
had been smaller than 5% (p < 0,05), the null hypothesis would have been rejected. In this
example, the null hypothesis is confirmed, meaning that Happy can be considered as a rele-
vant behaviour for the questionnaire. Conversely, on the other hand, if we consider the second
demo (see Fig. 4.8), we found that 16 users perceived the robot as Awkward out of N = 49
surveys, i.e., the observed proportion was K/N = 16/49 = 0,32. In this case, the computed
p-value was 0,021, meaning that there is 2,1% of possibilities that Awkward is selected 16
times in 49 experiments. Since p < 0,05, the null hypothesis is rejected. Consequently, this
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behaviour was filtered out by the questionnaire.

It is worth to notice that a behaviour that successfully passed the first or second step of the
approach in one demo but not in the other was considered as sufficiently relevant for our
purposes, meaning that it was inserted in the final questionnaire. This was the case of Robot
looks at user’s face, which did not pass the first and second step in the second demo, but
passed the first step in the first demo (see Fig. 4.9).

• The third step: we used the Pearson correlation to investigate if it was possible to merge
two different behaviours in a single one. In a nutshell, a Pearson correlation is a measure
of the strength of the linear relationship between two dichotomous variables. The outcome
is a number r that varies between -1 and 1, reflecting the extent to which two variables
are linearly related. A value of r equal to -1/1 indicates a perfect negative/positive linear
relationship between the two investigated variables. On the other hand, if r is equal to 0,
there is no linear relationship between two variables. In our case, for all those behaviours
who “survived” from the first two steps of the approach, we decided to apply the Pearson
correlation and check if they were strongly (positively or negatively) correlated, i.e., with r
> 0,5 or r < 0,5, or not. Just in one case we found a strong positive correlation. Analyzing
the results of the surveys related to the first demo, under the Proxemics between human and
robot perspective (see Fig. 4.9) we found that behaviours Users pay attention to conversation
with robot and Users understand well the meaning of conversation were strongly related in a
positive way (r = 0,704). However, since this same correlation was not verified also in the
second demo (r > 0 but r < 0,5, see Fig. 4.9), we finally could not merge the two behaviours
in a single one.

The results of the surveys analyzed through our three-steps approach are shown in Tables I, II,
III, IV, V and VI (see Fig. 4.8, 4.9, 4.10). Results are categorized per demo and according to the
considered perspective.

4.3.2 Implementing the questionnaire

The results of the survey allowed us to identify the 17 behaviors to include in the questionnaire,
which have been selected by researchers (i.e, experts) and users (i.e., non-experts) for E4 task
scenario. We implemented the questions of the questionnaire. The questions were organized as
follows, according to the perspective they belong to:

Social Behavior of robot

• Have you perceived happiness of the robot?

• Have you perceived sociability of the robot?

• Have you perceived capability of the robot?

• Have you perceived responsiveness of the robot?

• Have you perceived interactiveness of the robot?

• Have you perceived strangeness of the robot?
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Proxemics between human and robot

• Did robot look at users’ face during the conversation between user and the robot?

• Did user look at the robot’s face during the conversation between user and the robot?

• Have users paid attention to the conversation with the robot?

• Have users understood well the meaning of conversation?

• Have you perceived consciousness of the robot?

• Have you perceived friendliness of the robot?

• Have you perceived politeness of the robot?

• Have you perceived adaptability of the robot?

• Have you perceived ease of use with the robot?

Collaboration with robot

• Have you perceived enjoyment of the robot?

• Have you perceived collaborativeness of the robot?

Any question can be answered selecting one item from a 5-point Likert scale [46]. If the robot’s
behavior involved in a specific question reflects a positive attitude, answers are of kind: Absolutely
No=1, No=2, Neutral=3, Yes=4, Absolutely Yes=5. Conversely, in case of a negative attitude,
e.g., for a negative behavior like strange, the scores assigned to the answers are turned over, i.e.,
Absolutely No=5, No=4, Neutral=3, Yes=2, Absolutely Yes=1. In the end, we added the personal
information to the questionnaire as well.

The questionnaire has been developed on basis of the task scenario of E4, it was adopted to
evaluate the performance of robots in E4 at the first SciRoc challenge. This questionnaire has been
provided to the teams in advance. Teams could address the HRI studies concerning the robot’s
behaviors appeared in the questionnaire, and improve the performance of robots in E4. However,
we believe that it stands as a novel contribution to the evaluation of performance of robots in social
and smart city contexts.

4.4 Discussion and Conclusion

We present an approach to design a new type of questionnaire as a task-driven evaluation technique
for measuring robot’s behaviors perceived by users in social contexts. We consider our approach
to design the questionnaire as a first step towards systematic evaluation of robots performance in
social settings that specifically address HRI issues. The approach consists of two steps: interview
with experts and survey with non-experts.

The aim of this study is to arise awareness of the issues of evaluation techniques in HRI research
study. The approach describes the development process of the evaluation technique addressing
human behaviors toward robots and robot’s behaviors perceived by human in social contexts. The
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questionnaire was developed to measure the extent to which individuals report user perception of
robot’s behaviors. The texts, structure and scale of the questionnaire are created in the phase of
the questionnaire development. In order to avoid the problems concerning individual differences,
subjective measurement (i.e., Social behaviors of robot, etc.) and objective measurement (i.e.,
Robot looks at your face, etc.) are both included in the questionnaire E4.

However, the future work of the questionnaire is to validate the robustness, the replicability of
our approach and the reliability of the developed questionnaire. The validation study is needed to be
conducted by administering it to a larger and more diverse set of users during the enactment of the
episode E4, e.g., Putten et al. [135] proposed a validation study for the questionnaire proposed in the
field of HRI. We should furthermore propose an exploratory study in a realistic social environment,
by exploiting the questionnaire developed, to validate its reliability. In Chapter 5, we present an
HRI exploration research study in the realistic social context of the SciRoc challenge to validate the
questionnaire proposed and to explore the relevant results concerning human factors.
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Figure 4.9: Proxemics between human and robot
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Figure 4.10: Collaboration with robot
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Chapter 5

Experimental Study: HRI Users’ studies
in the context of the SciRoc Challenge

5.1 Introduction

An exploratory research study, which differs from confirmatory research studies, means as a first
attempt to verify the possibility of identifying factors that could be useful for the development
of HRI [74], i.e., it seeks what factors might be important and which outcomes are possible [14].
HRI researchers consider exploratory research studies as qualitative research methodologies, because
they can help researchers to explore underlying findings in the field of HRI. For instance, De Graaf
et al. [48] propose an exploratory research study that investigates the acceptance factors of social
robots, Mutlu et al. [112] explore how cooperation versus competition in a game shaped people’s
perceptions of the social robot ASIMO.

The robotic competitions provide good opportunities for conducting exploratory research studies
in the field of HRI, because among the principles that characterize robotic competitions, replicability
is considered fundamental to allow for rigorous comparison of results and thus affects the processes
and products of scientific research [6]. Yanco et al. introduce HRI studies with the goal of identifying
areas for improvement that would lead to better HRI design and overall robot performance in the
DARPA Robotics Challenge Trials and Finals [128, 189]. In social contexts, an exploratory research
study has been conducted in the context of ICRA 2008 challenge evaluated by experts and non-
experts [185]. Even though Robocup@home [77] emphasized the importance of HRI as a primary
capability, there was no specific HRI studies conducted in the context of the robotic competition.

In this chapter, we present an exploratory research study by conducting an experiment in the
context of the SciRoc challenge, a repeatable and general-purpose test method developed for HRI
performance evaluation, aiming at investigating robot’s behaviors perceived by human and human
behaviors toward robot. Our research study has as the main novelty the fact of having been devised
and implemented in (i) a realistic and dynamic social environment ; (ii) through a representative
samples of participants selected by the SciRoc organization; (iii) employing robots configured to
act autonomously, without the need of any external guidance. To perform our research study, we
focused on "Take the elevator (E4)" that contains several elements for social HRI.
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5.2 SciRoc challenge

SciRoc is a EU-H2020 funded project supporting the European Robotics League (ERL) and whose
purpose is to bring ERL tournaments in the context of smart cities. This adds a new challenge to
ERL, which has been pursued through the organisation of two SciRoc challenges in 2019 and 2021.
A key novelty of the SciRoc project is the introduction of robots in social and smart cities, i.e., the
set of communications, connections, actions that exist in scenarios where both robots and the city
infrastructures are involved [166].

The objective of the first SciRoc as scientific competition is to provide a task benchmark to
teams, which allows for the measurement of performance, and to develop software and HRI so-
lutions. Task benchmark means measuring performance using a methodology that is repeatable,
reproducible, accurate and evaluating on task-specific criteria that look at the success and quality
of task execution.

The first SciRoc challenge has been held in the shopping mall of Milton Keynes (UK)1, where
a set of networked devices provided static and dynamic information from a number of heteroge-
neous data sources, e.g., location of shops, current availability of items, audio/visual inputs from
CCTV cameras, crowd density sensor information, and many others, from 16 to 22 September
2019. In addition, robots interacted with MK customers, accomplishing tasks of different nature in
three different scenarios: assisting customers, providing professional services and supporting during
emergency situations. Five episodes (see Fig.5.1) were selected and enacted during the challenge:

• Delivery coffee shop order (E3), the robot assisted customers in a coffee shop to take care of
customers, by taking orders and bringing objects to and from customers’ tables.

• Take the elevator (E4), the robot took the elevator crowded with customers to reach a service
located in another floor.

• Shipping pick and pack (E7), the robot is located in one of the booths of the mall, and on
the shelves there are some goodies that are displayed for sale to customers. Customers can
place orders through a tablet. The robot must move and collect the requested packages for
the customer, placing them in a box.

• Through the door (E10), this episode is based on a door assembly comprising that the robot
had to operate, and a surrounding test area where the robot could move.

• Fast delivery of emergency pills (E12), the aerial robot attended an emergency situation
in which a first-aid kit needed to be delivered to a customer. The robot was able to fly
autonomously to the customer location as fast as possible.

Figure 5.1: Five episodes of 1st SciRoc: E3; E4; E7; E10 and E12.

1https://www.centremk.com/
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The competition arena was set up in MK Hall using a straight square truss system, the episode
specific arenas were located around the main central area.

5.3 Methods and Materials

5.3.1 participants

The main theme of the competition was the interaction between robots and smart cities, or more
in general, to showcase to the general public how robots can coexist in a public scenario. For these
reasons, some episodes (i.e., Deliver coffee shop orders (E3) and Take the elevator (E4)) required
direct interactions between the robot and humans. Involving directly the customers of the shopping
mall was infeasible for multiple reasons (e.g., health and safety regulations), therefore the SciRoc
organization preselected representative samples (i.e., participants) with no background in robotics
(see Fig. 5.2). The participants were uniformly distributed in age and had a variety of personal and
work backgrounds. Specially, 40 participants have been selected by the SciRoc organization for our
research study.

Figure 5.2: Participants involved in our research study

5.3.2 Realistic environment

To create a social realistic environment, we implemented the competition area of the SciRoc chal-
lenge in the Centre:MK shopping mall (see Fig. 5.3). The episode-specific arenas were located
around the main central area. The aim of E4 is to evaluate the interaction between the robot and
the customers in a restricted space such as an elevator. To achieve this we recreated a mock-up lift
inside the arena, complete with movable doors (see Fig. 5.4). In addition, the elevator has been
equipped with a video camera showing to the audience the episode in progress (see in Fig. 5.5).
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Figure 5.3: Competition Arena

Figure 5.4: Competition Arena E4

5.3.3 Ethical consideration

HRI research on people’s interactions with and social reactions towards robots is necessary to shape
the ethical, societal and legal perspectives, and facilitates the design of responsible robotics and
the successful introduction of robots into our society [47]. In the emerging literature devoted to
"ethical robots", HRI researchers proposed some ethical guidelines and consideration. For instance,
Riek and Howard have proposed principles for an HRI code of ethics in four aspects: (i) human
dignity considerations, (ii) design considerations, (iii) legal considerations, (iv) social considerations
[138]. Specially, the authors proposed a social principle concerning Wizard-of-Oz methodology, and
suggested Wizard-of-Oz should be employed as judiciously and carefully as possible, and should aim
to avoid Turing deceptions.

On the basis of the existing ethical principles, we proposed our ethical considerations and intro-
duced them in the context of the SciRoc challenge as follows:

• The robot cannot hit a human.

• The robot cannot hit or damage the furniture or object.

• Team members cannot give instructions to the robot during the task performance

If one of the aforementioned situations occurs, task performance of E4 must be stopped immediately.

5.3.4 Robots

Five teams have entered to "Take the elevator-(E4)", employing five different robot variants (see
Fig. 5.6):
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Figure 5.5: Competition Arena E4: a view from the video camera

• UC3M, a robotics laboratory from University Carlos III of Madrid, the team has deployed
TIAGo robot produced by PAL robotics; in addition to the basic platform, the robot had a
manipulator2.

• Gentlebots3, a team of researchers in robotics from the Rey Juan Carlos University and the
University of Leon, the team has deployed TIAGo robot by PAL robotics, in addition to the
basic platform, the robot had one tablet and one microphone in front, and the status of the
robot was shown on the tablet.

• HEARTS, the healthcare engineering and assistive robotics technology and services (HEARTS)
team is based in the Bristol Robotics Laboratory, a collaboration between the University of
the West of England (UWE) and the University of Bristol, the team has brought a Pepper
robot produced by Softbank.

• eNTiTy, a team of the R & D department of NTT Disruption in Spain, the team has deployed
TIAGo robot produced by PAL robotics, in addition to the basic platform, the robot had
a manipulator and a signal light stuck on the head, the signal light can change the color in
according to the speech recognition status.

• LASR4, an AI group team from the University of Leeds, the team has deployed TIAGo robot
produced by PAL robotics, in addition to the basic platform, the robot had a manipulator.

Figure 5.6: Robots employed during E4, developed respectively by UC3M, Gentlebots, HEARTS, eNTITY
and LASR teams.

2https://tiago.pal-robotics.com/
3http://www.gentlebots.robotica.gsyc.es/
4https://sensiblerobots.leeds.ac.uk/lasr/
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5.3.5 Robot’s functionalities

Team members have implemented the robot’s functionalities independently. According to the rule-
book E4, main functionalities tested in this episode are Navigation respecting proxemics when the
robot interacts with customers, Spoken Dialogue with customers, People detection and Object detec-
tion. Robots were required to act autonomously in E4, without the need of any external guidance.

For instance, LASR team made use of the ROS package move base (5) with proprietary PAL
planners for both global and local planning. LASR team has implemented 3D obstacle avoidance
by incorporating a Voxel Costmap layer which uses the depth sensor to create obstacles in the 2D
map for planning as well. The LASR team software stack is shown in Fig. 5.7.

Figure 5.7: Software stack implemented by LASR

Gentlebots team designed a cognitive architecture for the robot (see Fig.5.8), and used ROSPlan
[35] and BICA [39] to implement the architecture. ROSPlan is a planning framework, whereas BICA
is a toolbox to create software architectures for robots. Tier 1 starts the instances and predicates
of the problem to be solved. When a state machine at Tier 1 establishes a goal, the planner at Tier
2 creates a plan using the content of his knowledge base. Tier 3 contains the implementation of the
actions defined in the PDDL domain. Tier 4 contains skills that can be activated from actions. This
level includes perceptual, attention, dialogue, and manipulation modules, among others. Knowledge
Graph stores the information relevant to the operation of the robot.

5.3.6 Experimental design

The SciRoc challenge lasted 4 days. In total, 10 runs have been scheduled in E4: 9 runs have been
scheduled in the first 3 days, and the final run has been scheduled in the last day. In each general
run, all the five teams have performed in randomized order. The duration of the task was around
10 minutes (i.e., short-term interaction). In the final run, four teams which had higher scoring have
performed in randomized order (see Table 5.1).

The evaluation experiment relied on the mixed-model factorial design, which includes both

5http://wiki.ros.org/movebase
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Figure 5.8: Cognitive architecture implemented by Gentlebots

between-subjects and within-subjects design component [25]. Specially, the study involved a total
of 40 users. The same 4 users participated only in one of the 10 runs. In each run, five (or four)
different teams/robots (with-in subject) performed the test according to the run schedule. User’s
gender (between subject) was declared by users, before the starting of each run. User’s role (between
subject) was assigned by E4 referee (1 user was assigned to role A, 1 user was assigned to Role B,
2 users were assigned to role C), before the starting of each run.

Table 5.1: Run schedule
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Run 1 UC3M eNTiTy LASR HEARTS Gentlebots
Run 2 UC3M eNTiTy LASR Gentlebots HEARTS
Run 3 LASR eNTiTy UC3M Gentlebots HEARTS
Run 4 UC3M Gentlebots eNTiTy LASR HEARTS
Run 5 eNTiTy LASR UC3M HEARTS Gentlebots
Run 6 LASR eNTiTy UC3M HEARTS Gentlebots
Run 7 Gentlebots HEARTS UC3M eNTiTy LASR
Run 8 HEARTS LASR UC3M Gentlebots eNTiTy
Run 9 eNTiTy HEARTS LASR UC3M Gentlebots

Final Run HEARTS LASR eNTiTy Gentlebots
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Table 5.2: Distribution of participants by genders per run
Male Users Female Users

Day 1 Run 1 2 2
Run 2 2 2
Run 3 3 1

Day 2 Run 4 3 1
Run 5 4 0
Run 6 1 3

Day 3 Run 7 1 3
Run 8 2 2
Run 9 2 2

Day 4 Final Run 3 1

5.3.7 Evaluation technique

At the end of any run, the participating users filled a dedicated questionnaire built ad-hoc for this
episode [176]. The questionnaire has been thought to specifically keep track of 17 behavioural as-
pects related to: (i) social behavior of robot, (ii) proxemics between human and robot, and (iii)
collaboration with robot (see Chapter 4). The scores assigned in the scale range from: Absolutely
No=1 to Absolutely Yes=5. If compared with the original questionnaire, we decided to convert the
only negative behavior, “Perceived Strangeness”, into its “positive version”, i.e., “Perceived Natural-
ness ”. The questionnaire of E4 adopted by our experiment is shown in Fig. 5.9.

5.4 Data Analysis and Results

5.4.1 Data Collection

40 users have participated 10 runs in E4. Since we knew that the diversity of users is fundamental
in an experiment, in our case, the users were selected by the SciRoc organization committee ran-
domly. They were diversified as workers, secretaries, employees, students, retirees and etc. Gender
distribution was as follow: 23 male users and 17 female users. Age distribution was as follows: 3
users from 18-19 years old, 11 users from 20-29 years old, 16 users from 30-39 years old, 6 users
from 40-49 years old, 3 users from 50-59 years old, 1 user over 60 years old (See Fig. 5.10). The
distribution of gender per run is shown in Table 5.2. We collected 196 questionnaires overall, of
which 78 were considered incomplete (i.e., not filled at all or not filled completed because of a failed
test in a run, which was a circumstance happened especially in the first day of the competition),
118 questionnaires were considered completed.

5.4.2 Reliability of the questionnaire

The importance of measuring the accuracy and consistency of research instruments (especially
questionnaires) known as validity and reliability [28]. Validity is often not well addressed in course
questionnaire design as there are no straightforward tests that can be applied to an individual
instrument [86]. Reliability refers to the degree to which the results obtained by a measurement
and procedure can be replicated [129]. Cronbach’s alpha is a test reliability technique that requires
only a single test administration to provide a unique estimate of the reliability for a given test [63].
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We calculated the Cronbach’s alpha coefficient (α) for all of the three macro categories of the
questionnaire, obtaining the following results: α of Social Behavior of robot = 0.907; α of Proxemics
between human and robot = 0.921; α of Collaboration with robot = 0.83. According to [60], which
discusses cut-off values for reliability indices, values of α coefficient greater than 0.8 indicate a
reliability of the adopted scale among very good and excellent.

5.4.3 Analyzing the relationship between task performances evaluated by scor-
ing and robot’s behaviors perceived by participants

Task performances evaluated by scoring

The scoring in a regular test, which is specified in terms of task [186], mainly reflects the key features
of robotic system or task performance. To measure the task performance of E4 properly, we drew
up the scores which together test the integration of functional abilities. The scoring of E4 was
determined by two sets: achievements score and penalties score. According to the principles of HRI
ethical consideration (see Section 5.3.3), we determined the disqualifying behaviors. If one of the
disqualifying behaviors occurred, the task performance was stopped and any score achieved so far
was canceled.

Achievements Score

• The robot properly deals with Customer A (avoidance, no interaction).

• The robot properly deals with Customer B (interaction).

• The robot enters the elevator.

• The robot declares the target floor to Customer C.

• The robot exits the elevator at the proper floor.

• The robot reaches the finish area.

• Above 80% of positive users’ perceptions (>=4) over total valid answers of questionnaire.

Penalties Score

• Robot requires a customer to move away to avoid a collision.

• A customer instructs the robot to move away from one location.

• The robot acts customers’ requests wrongly.

• The robot obstructs the way to the customers.

• Above 80% of negative users’ perception (<=2) over total valid answers of questionnaire.

Disqualifying behaviours

• The robot hits a human.

• The robot hits and damages the furniture and/or objects.

• Team members give instructions to the robot during the task performance.
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Each item represents one score, we added the results of the questionnaire to the scoring. In
each general run, the aggregate score has been determined by the third highest score according to
the ERL system. The top 4 teams in the ranking were qualified for the final. The final ranking for
assigning the first, second and third place was determined by the performance in the Final. The E4
Score Sheet is shown in Table 5.11.

Regression analysis

We were interested in exploring the relationship between the scoring and the results of the ques-
tionnaire. In particular, we were interested in exploring if robot’s behaviors could be predictors of
scoring. Since participating teams of E4 have been penalized few times and never been disquali-
fied, we approximated the achievements score as the overall score to check our exploratory research
question.

We first subtracted the scores obtained from the questionnaire from the achievements scores
(LASR and Entity got scores from the questionnaire), and then conducted Multi Linear Regression
study for data analysis. We calculated the R2 value of regression for all the three macro categories
of the questionnaire, obtaining the following results: R2 of Social Behavior of robot = 0,572; R2 of
Proxemics between human and robot = 0,431; R2 of Collaboration with robot = 0,515. According
to [136], R2 represents the goodness of fit the model which cut-off value of R2 is 0,5. Hence, the
macro category Proxemics between human and robot of the questionnaire cannot be further analyzed
in our analysis study.

For the following items related to Perceived Interactiveness and Perceived Collaborativenss, we
found significant values as follows: Perceived Interactiveness (p=0,03 B=0,78 t-value=3,33) and
Perceived Collaborativenss (p=0,00 B=0,842 t-value=4,402), meaning these behaviors are signifi-
cant predictors of the performance scoring of E4. The beta coefficient is the degree of change in
the outcome variable for every 1-unit of change in the predictor variable. It can be positive or
negative. In our case, we obtained two positive predictors: Perceived Interactiveness and Perceived
Collaborativenss, i.e., for every 1 unit of change positively in users’ perception on interactiveness of
robot’s behavior, performance scoring will increase 0.78 as the degree of change; for every 1 unit of
change positively in users’ perception on collaborativeness of robot’s behavior, performance scoring
will increase by the beta value 0.842. These results support the relationship between the scoring
of E4 and the results of questionnaire E4, i.e., the subjective evaluation of HRI by participants
can indeed reasonably approximated based on objective scoring. It is worth to notice that similar
finding has been revealed in [107].

5.5 Discussion and Conclusion

The aim of this study is to investigate the relationship between the performance scoring obtained in
the competition context and robot’s behaviors perceived by users measured through the dedicated
questionnaire.

In this chapter, we present an exploratory research study in the context of the SciRoc challenge
by introducing an experiment in Episode 4 - "Take the elevator". The results of data analysis
confirms the relationship between the scoring of task performance and the results of questionnaire
E4 evaluated by participants.

53



5.5. Discussion and Conclusion

When we first start our intention to bring an exploratory research study in a scientific robotic
competition to the heart of a major public space, our ambition was to stimulate fact based discussion
by the public about the future roles of robots in their social context, to demonstrate that HRI
studies are at the core of robotic research. This concept of conducting exploratory research studies
can reproduce in several different competition contexts. This concept can improve the quality of
research studies in the field of social HRI because of the particularities of features aforementioned.
We encourage HRI researchers to reproduce empirical studies in the other social task scenario
contexts to test the validity of our research methodology. In Chapter 6, we focus on developing a
new approach for designing an HRI task scenario in a scientific robot competition.
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Figure 5.9: Questionnaire E4 utilized in our research study
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Figure 5.10: Gender distribution and Age distribution

Figure 5.11: Score Sheet
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Chapter 6

Task Scenario: Designing and evaluating
HRI teaming tasks based on the SciRoc
challenge

6.1 Introduction

Robots coexist with human beings in a real social context and provide the needed and the favorable
services accordingly. There were still a lot of limitations in the performance of current robots in a
real social context so far. To address the human behaviors toward robots and the robot’s behaviors
perceived by human in a social context, it is necessary to provide a task scenario that mimics the
real interaction in social contexts and takes into account the user’s requirements and the functions
that the robot can provide [3].

Such viewpoints are found in the field of HRI research, where researchers are typically addressing
robots in a particular service robotics task scenario, e.g. robots as assistants, where social interaction
with people is necessarily part of the research agenda [43]. For instance, Glas et al. [62] implemented
the task scenarios to showcase typical functionalities used in the field of social HRI.

To provide an appropriate design of task scenarios in a social context, we summarize some
principles that were set out by previous HRI researchers as follows: suitability, task scenarios should
be constructed on suitability that will be executed by the robot [104]; usability, task scenarios of
HRI should be used to help convey meaningful context of the interactions to the evaluators, so
as to induce proper feedback on robots [188]; continuously, task scenarios rely on a continuous
interpretation of the sensor data to generate expressions [79]; applicability, task scenarios should be
applied to novel applications.

Based on the aforementioned principles for task scenario design, we develop a new approach for
designing task scenarios in the field of social HRI, and implement the new approach in the SciRoc
challenge to design the episode "Take the elevator - E4". The new approach consists of two steps.
First, it relies on analyzing the elements of the task scenario. Then, it sketches out the layout of
the task scenario.

"Take the elevator - E4" is the most social episode of the SciRoc challenge, in which robot must
take an elevator of the shopping mall with customers to reach a service located in another floor.
We end this chapter by showing an example of HRI confirmatory research study leveraging on the

57



6.2. Approach for designing task scenarios

task scenario proposed.

6.2 Approach for designing task scenarios

6.2.1 Analyzing the elements of E4 task scenario

Referring the framework proposed by [7] of task scenarios analysis in social contexts, we analyzed
the elements of E4 task scenario as follows:

• Environment, the central aim of E4 is to conduct the task performance in a restricted space
such as an elevator. To achieve a realistic dynamic social environment, we recreated a mock-up
lift inside the arena, complete with movable doors.

• Autonomy, E4 requires a fully autonomy robot to enact the task performance. Based on the
experience matured on autonomous system from previous competitions, the system requires
the integration of a large set of abilities and technologies including HRI abilities, navigation,
reasoning, planning, behavior control, object recognition, etc. [186]. The technical committee
of E4 has released the rulebook in advance in order to leave necessary time for participated
teams to develop fully autonomy robots.

• Composition, Parashar and colleagues [134] divided team composition of human-robot team-
ing interaction into five categories: (i) single human to single robot; (ii) single human to
multiple-homogeneous robots; (iii) single Human to multi-heterogeneous robots; (iv) multi-
homogeneous humans to single/multi-homo/multi-hetero robots; (v) multi-heterogeneous hu-
mans to single/multi-Homo/multi-Hetero robots. To create a realistic situation that humans
encounter in a shopping mall, we employed multi-heterogeneous humans (i.e., 4 participants)
to single robot, and each user was assigned a specific role. Each role is assigned to a par-
ticipant who represents a target population: role A represents people who are not friendly
with robots; role B represents people who are friendly with robots; role C represents people
who communicate and interact with robots in a public space. Specifically, role A stands
in a predefined location not far from the elevator. S/he can observe the robot but it is not
interested in interacting with it, role B actively moves towards the robot willing to interact
it, role C takes the elevator with the robot and gets off before/with/after the robot, see Fig.
6.1.

• Task, E4 is a collaborative task; the robot must take an elevator of shopping mall crowded with
customers (i.e., role C) to reach a service located in another floor. The robot can enter/exit
the elevator at the right floor in the presence of people nearby and/or inside and can interact
with the customers in spoken language. The robot is not supposed to push buttons, but
it can ask the customers around to do it. To be more specific, the robot encounters two
customers while moving towards the elevator (i.e., role A and role B). Once arrived in front
of the elevator, the robot encounters two additional customers (i.e., role C), both customers
take the elevator with the robot. At this point, the robot interacts randomly with one of
them asking to push the button for the floor it wants to reach. The two persons that take the
elevator are instructed to reach a specific floor, which can be different (or the same) from the
one assigned to the robot.
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• Embodiment, E4 requires the participating teams to employ the physical humanoid robot or
physical non-humanoid robot, virtual agents are banned to access in E4.

• Duration, the task duration of E4 is around 10 minutes (i.e., short-term interaction).

Figure 6.1: E4 Role A; Role B; Role C

6.2.2 Sketching out the layout of E4 task scenario

Once we analyzed the elements of E4 task scenario, we sketch out the layout of E4 task scenario.

Encounter Situation (Phase 1)

The robot enters in the competition arena and continues the path toward Zone A and Zone B (see
Fig. 6.2); role A and role B are deployed in Zone A or Zone B randomly, and they can shift the
zones during the run. The expected behavior of the robot is not to interact with role A and to
interact with role B. (i.e., when the robot detects a customer who is not interested in interacting, the
robot should just avoid him/her and proceed without any attempt to communicate; when the robot
detects a person who is interested in interacting, the robot should stop moving and communicate
with him/her accordingly.)

Entering/exiting the elevator (Phase 2)

Once the robot passed Zone B, it moves toward Zone C. Zone C is occupied by two standing
customers (Role C), it should place itself at a proper location outside the elevator depending on
the location of other customers. Elevators doors are operated by the Referee after the robot signal
that it has reached its desired location outside the elevator. When the elevator door opens, the
robot has to wait until all the customers around enter the door, then it can move and enter the
door occupying a proper space in the elevator cabin. The robot is not able to press the button,
hence, it has to face one customer, declare its target exit floor, and asks for help to press the button.
The target exit floor of the robot has been communicated through MK data hubs. When the door
opens, the referee declares the current floor, the robot is allowed to ask to one customer (while
facing him/her) which is the current floor. If the current floor is the destination one for the robot,
it must exit, otherwise, it must stay and the elevator continues to "go up" to the next target floor.
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Each customer has been given his target floor, and he/she should exit accordingly, the customers’
target exit floors are unknown to the robot. In case the robot has to exit with a customer, it must
negotiate with the customer in the elevator who is going first. The door may open several times
before reaching the robot’s target exit floor.

Moving to exit (Phase 3)

The robot moves from the elevator to the finish area (exit).

Figure 6.2: Layout of E4 task scenario

6.3 HRI confirmatory research study in E4

6.3.1 Defining research questions in E4

To address the issues concerning gender effect and users’ role effect, we conduct an HRI confirmatory
research study by introducing the experiment studies in E4 task scenario. Gender effect has been
studied by several HRI researchers (see in Chapter 2), whereas users’ role effect has been studied
few times by HRI researchers. For instance, Koulouri et al. [91] present an experiment study
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in HRI changing the combination of gender and role of users (i.e., instructor or follower), finding
that male users/instructors and female "robots" followers are associated with the fastest and most
accurate completion of the navigation tasks. Hüttenrauch and Severinson-Eklundh [76] investigate
the willingness to help in HRI when the users are bystanders.

In this chapter, we focus on human factors aiming at validating the research hypotheses in
following aspects: Robots’ behaviors perceived by users, gender effect, users’ role effect. To be more
specific, we are interesting in validating the research hypotheses as follows:

• The robot’s behavior perceived by users is influenced by users’ gender.

• The robot’s behavior perceived by users is influenced by users’ role.

• There is a difference on robot’s behaviors perceived by users among different robots developed
by different participating teams.

6.3.2 Determining dependent factors and independent factors in E4

We designed our HRI confirmatory research study by first carefully selecting the dependent factors
to be measured and the independent factors to manipulate for producing many conditions for
comparison. In E4, robot’s behaviors perceived by human can be represented by three aspects:
social behavior of robot, proxemics between human and robot and collaboration behavior of robot.
We identified 17 dependent factors to be considered, reflecting robot’s behaviors in E4 (see Chapter
4). We identified two of independent factors: user’s gender and user’s role, in particular, user’s
gender assumes two values male and female, users’ role assumes three values role A, role B and role
C.

6.3.3 Experiment settings in E4

The experiment setting in E4 is the same explained in Chapter 5. The novelty of the experiment
setting in E4 is that we set out the ethical criteria by analyzing ethical and social concerns. It is in
the interest of HRI researchers to take ownership of HRI ethics issues and to make attention to those
issues a routine aspect of their everyday work. A culture of ethical awareness and sophistication
within the HRI community will, thus, advantage the cause of HRI research, development, and
marketing [138].

6.4 Data Analysis and Results

6.4.1 Analyzing robot’s behaviors perceived by users among different robots
developed by different participating teams

We first completed the missing data using mean imputation method, and then conducted Repeated
Measures ANOVA (RMANOVA) to check how users perceived the robot’s behaviors among different
robots developed by different participating teams. We found statistically significant differences on
all the robot behaviors (i.e., p values of all the robot behaviors are less than 0,05). In the end, we
conducted pairwise comparison to check how users perceived differently between two participated
teams. The results of significant values and mean difference values of pairwise comparison are shown
in Tables 6.1, 6.2 and 6.3.
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Table 6.1: Pairwise Comparison Between Participated Teams in Social Behavior
Social Behavior

Team (i) Team (j) Mean difference (i-j) P-value
Perceived Happiness eNTiTy UC3M 0,897 0,000

HEARTS UC3M 0,897 0,000
eNTiTy LASR 0,573 0,029
eNTiTy Gentlebots 1,269 0,000
HEARTS LASR 0,573 0,014
LASR Gentlebots 0,688 0,010

HEARTS Gentlebots 1,260 0,000
Perceived Sociability eNTiTy UC3M 0,783 0,001

HEARTS UC3M 0,639 0,000
eNTiTy Gentlebots 1,210 0,000
HEARTS Gentlebots 1,066 0,000

Perceived Capability eNTiTy UC3M 0,463 0,041
Perceived Responsiveness HEARTS UC3M 0,417 0,035

UC3M Gentlebots 0,479 0,028
eNTiTy Gentlebots 0,813 0,000
LASR Gentlebots 0,631 0,044

HEARTS Gentlebots 0,896 0,000
Perceived Interactiveness HEARTS UC3M 0,480 0,016

HEARTS Gentlebots 0,733 0,000
*Perceived Naturalness eNTiTy UC3M 0,306 0,037

HEARTS UC3M 0,835 0,000
UC3M Gentlebots 0,352 0,048

HEARTS eNTiTy 0,529 0,048
eNTiTy Gentlebots 0,658 0,000
HEARTS LASR 0,528 0,007
LASR Gentlebots 0,659 0,007

HEARTS Gentlebots 1,188 0,000

For the items related to Social Behavior of the robot, Proxemics between human and robot, Col-
laboration with robot, we found remarkable and statistically significant differences in pairs comparing
with UC3M team and Gentlebots team, meaning that users perceived less sociable, less suitable in
proxemics and less collaborative of robot’s behaviors of UC3M team and Gentlebots team. Hence,
we confirmed our research hypothesis and conclude that UC3M team and Gentlebots team make a
difference on robot’s behaviors perceived by users.

This was an interesting finding because of Gentlebots team had done very well in performing
task E4, meaning that robot’s behaviors perceived by users were not total depending on task
performances. This finding should be noticed by HRI researchers and robot engineers. Social
HRI shall have its particular importance in the new era of developing social robot technology.

6.4.2 Analyzing gender effect

We first completed the missing data using mean imputation method, and then conducted Mixed-
ANOVA to check how male and female users perceived differently the robot behavior. We found
no interaction effect between with-in subject factor (i.e., teams) and between-subject factor (i.e.,
gender), meaning that the impact of between-subject factor does not depend on the level of with-in
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Table 6.2: Pairwise Comparison Between Participated Teams in Proxemics
Proxemics between human and robot

Team (i) Team (j) Mean difference (i-j) P-value
Did robot look at your face ... eNTiTy UC3M 0,900 0,000

LASR UC3M 0,550 0,003
HEARTS UC3M 0,792 0,000
eNTiTy Gentlebots 1,160 0,000
LASR Gentlebots 0,810 0,003
Hearts Gentlebots 1,052 0,000

Did you look at the robot’s face ... eNTiTy UC3M 0,992 0,000
LASR UC3M 0,900 0,000

HEARTS UC3M 0,700 0,000
Gentlebots UC3M 0,658 0,000

Have you paid attention to con ... eNTiTy UC3M 0,633 0,000
LASR UC3M 0,400 0,000

HEARTS UC3M 0,371 0,005
eNTiTy Gentlebots 0,500 0,003

Have you understood well con ... eNTiTy UC3M 0,538 0,001
UC3M Gentlebots 0,409 0,034
eNTiTy HEARTS 0,468 0,001
eNTiTy Gentlebots 0,947 0,000
LASR Gentlebots 0,758 0,001

HEARTS Gentlebots 0,479 0,011
Perceived Consciousness eNTiTy UC3M 0,639 0,000

LASR UC3M 0,447 0,018
HEARTS UC3M 0,792 0,000
eNTiTy Gentlebots 0,660 0,001
HEARTS Gentlebots 0,813 0,000

Perceived Friendliness eNTiTy UC3M 1,454 0,000
LASR UC3M 1,000 0,000

HEARTS UC3M 1,450 0,000
eNTiTy Gentlebots 1,575 0,000
LASR Gentlebots 1,120 0,000

HEARTS LASR 0,450 0,050
HEARTS Gentlebots 1,570 0,000

Perceived Politeness eNTiTy UC3M 1,050 0,000
HEARTS UC3M 1,042 0,000
UC3M Gentlebots 0,548 0,001
eNTiTy LASR 0,556 0,019
eNTiTy Gentlebots 1,598 0,000
HEARTS LASR 0,548 0,010
LASR Gentlebots 1,041 0,000

HEARTS Gentlebots 1,589 0,000
Perceived Adaptability eNTiTy UC3M 0,800 0,000

LASR UC3M 0,551 0,002
HEARTS UC3M 0,867 0,000
eNTiTy Gentlebots 0,598 0,011
HEARTS Gentlebots 0,664 0,000

Perceived Ease of use eNTiTy UC3M 0,696 0,000
LASR UC3M 0,603 0,000

HEARTS UC3M 0,655 0,000
eNTiTy Gentlebots 0,706 0,001
LASR Gentlebots 0,612 0,020

HEARTS Gentlebots 0,664 0,001
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Table 6.3: Pairwise Comparison Between Participated Teams in Collaboration
Collaboration with robot

Team (i) Team (j) Mean difference (i-j) P-value
Perceived Enjoyment eNTiTy UC3M 1,000 0,000

LASR UC3M 0,879 0,000
HEARTS UC3M 1,262 0,000
eNTiTy Gentlebots 0,845 0,000
LASR Gentlebots 0,724 0,002

HEARTS Gentlebots 1,107 0,000
Perceived Collaborativeness eNTiTy UC3M 1,038 0,000

LASR UC3M 0,990 0,000
HEARTS UC3M 1,089 0,000
eNTiTy Gentlebots 0,768 0,000
LASR Gentlebots 0,720 0,002

HEARTS Gentlebots 0,819 0,000

subject factor. However, we found highly significant difference of main effect among the with-in sub-
ject factor, meaning that the overall effect over with-in subjective effects is statistically significant,
and this finding has been further discussed (see Subsection 6.4.1).

For the following items related to Social Behavior of the robot: Perceived Responsiveness
(p=0.02), Perceived Interactiveness (p=0.03) and Perceived Naturalness (p=0.019), we found sig-
nificant differences between female and male users, meaning that female users perceived the robot’s
behaviour more positively than male users. No other significant difference of between factor has
been found in this analysis study. As a consequence, we can partially confirm the validity of our
research hypothesis: Only the social behaviors of robots, i.e., Perceived Responsiveness, Perceived
Interactiveness and Perceived Naturalness are influenced by users’ gender. Consequently, the de-
signers of social robots should make sure that the interaction style of the robot fits the user’s gender
and the users’ individual attributes.

6.4.3 Analyzing users’ role effect

As Scholtz [149] emphasizes the importance of human roles in HRI, in E4, we are interesting in
validating the research hypothesis on users’ role effect.

We first completed the missing data using mean imputation method, and then conducted Mixed-
ANOVA to check how role A, role B and role C perceived differently the robot’s behavior. We found
no interaction effect between with-in subject factor (i.e., teams) and between-subject factor (i.e.,
role), meaning that the impact of between-subject factor does not depend on the level of with-in
subject factor. However, we found highly significant difference of main effect among the with-in
subject factor as well, and this finding has been further discussed ( see Subsection 6.4.1).

For the following items related to Proxemics between human and robot : Have you paid attention
to the conversation with the robot? and Have you understood well the meaning of conversation?,
we found significant differences between roles. Furthermore, we conducted pairwise comparisons to
check the effect among role A, role B and role C, we found remarkable significant difference be-
tween Role C and Role A in Have you paid attention to the conversation with the robot? (p=0,008),
significant difference between role C and role A in Have you understood well the meaning of conver-
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sation? (p=0,039) and significant difference between role C and role B in Have you understood well
the meaning of conversation? (P=0,016). The finding means users’ role make a difference on behav-
iors highly related to spoken languages or dialogues. As a consequence, we can partially confirm
the validity of our research hypothesis: Only the behaviors that highly related to spoken language
or dialogues are influence by users’ role.

6.5 Discussion and Conclusion

In this chapter, we present a new approach for designing task scenarios in a social context. We
exploit the most sociable episode of the SciRoc challenge "Take the elevator (E4)" to implement
our approach for task scenario design. The approach proposed consists two steps: (i) analyzing the
elements of the task scenario; (ii) sketching out the layout of the task scenario.

For the human-centered view, HRI researchers can start by brainstorming possible interaction
scenarios which may happen in regards to a person and the particular robot or interface [190]. HRI
researchers can implement the interaction scenarios by adopting our approach for designing the
concrete task scenario.

Moreover, we present an HRI confirmatory research study by conducting the experiment studies
in E4. We got some interesting findings concerning gender effect, users’ role effect and robot’s
behaviors of different participating teams perceived by users. Designers use form to balance the
needs of people, the capabilities of technology and the context of users when they introduce a single
product [15]. For instance, the results of users’ role analysis confirm that users’ role affect the
spoken behaviors of robot perceived by users in social contexts, HRI designers should "involve"
these findings in design process [75].

While drawing up the scoring system of a robot competition in social contexts, we should
establish the rules that encourage researchers for addressing human behaviors toward robot and
robot’s behaviors perceived by human in the field of social HRI.
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Chapter 7

Toward an HRI mixed-method research
approach

7.1 Introduction

As a community, we recognise that the technical fields of engineering, control theory and computer
science do not provide necessary tools for the scientific research on the human and interaction parts
of HRI [78]. For this reason, we take inspiration and ground research methodologies in establishing
results from the social science, social psychology, and sociology. Hence, this thesis takes users’
perspectives and aims at understanding human factors, human behaviors toward robot and robot’s
behaviors perceived by human in the field of HRI.

"A theory can be proved by experiments, but no path leads from experiment to the birth of a
theory". This is a well famous science quote by Albert Einstein. For one thing, exploratory research
is about putting one’s self deliberately in a place - again and again - where discovery is possible
and broad, usually non specialized interests can be pursued, exploratory research requires lengthy
periods of fieldwork (of various kinds) and the sort of personal concern and long standing interest
in a topical area that sustains such fieldwork [157].

HRI researchers usually approach research problems by conducting exploratory research study
(i.e., qualitative approach) and confirmatory research study (i.e., quantitative approach).

The qualitative approach is used for exploratory research study in HRI, it is the approach that
allows you to examine people’s experiences in detail by using a specific set of research methods
such as in-depth interviews, focus group discussion, observation, content analysis, visual methods
and so on [70]. Hoffman and Zhao [72] believe that qualitative research methods have been much
underutilized in HRI research and they encourage researchers to familiarize themselves with these
methods by seeking out other sources.

For another thing, quantitative approach is used for confirmatory research study in HRI, it
is an approach that provides deeper, valid and relevant findings to confirm people’s experiences
and expectations in detail by using query techniques and observational techniques. These non-
standardised quantitative approaches are often used in the field of HRI by running experimental
studies and imposing experimental conditions and expectations.

Similar to discussions within psychology on what the “right approach” is, HRI researchers often
involve discussions on quantitative, large scale studies versus qualitative small scale studies based
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on case studies. In order to advance the field of HRI research, it is important to ‘make peace’
between proponents of one or the other methodology, acknowledging that there are several paths
one can take in order to illuminate the issues under investigation [42].

There are many contexts of social science and psychology where qualitative and quantitative
methods can be used in conjunction to build and refine theory [55, 80, 181]. Shah and Corley [150]
motivate researchers to engage in this practice – to use both qualitative and quantitative empirical
methods to fully understand their phenomenon of interest – or at least to convince quantitative
researchers to draw insights from qualitative research in their area, and vice versa. Psychology
and cognitive engineering topics have tools and methods to measure HRI, joint attention theory,
teams, and user-centered design. For instance, Giusti and Marti [61] carry out a qualitative and
quantitative speech and behavior analysis in a social HRI context, Schillaci et al. [148] adopt two
techniques for evaluating saliency detection and attention manipulation mechanisms in HRI: user
experience as measured by qualitative and quantitative questions in questionnaires and proxemics
estimated from recorded videos of the interaction, Syrdal et al. [163] explore qualitative research
methods of video prototyping in HRI in order to evaluate user experience of prototype systems by
interviewing, the results were used to inform the general outline of quantitative questionnaires for
each video. Damholdt et al. [41] confirm that qualitative and quantitative methods can be used in
unison in HRI research to achieve more fine-grained analyses of relevant experience.

However, HRI researchers note that there was no concise list of qualitative and quantitative
evaluation methods or tools, nor was there a clear mapping of particular techniques to desired
outcomes [110].

In this chapter, we improve the existing research approaches and methodologies and find comple-
mentary quantitative as well as qualitative approaches towards HRI studies aiming at contributing
more reliable research results. In particular, we first discuss exploratory research study (i.e., quali-
tative approach) and confirmatory research study (i.e., quantitative approach) in the field of social
HRI, in particular, we intend to take these arguments further. We end this chapter by proposing a
new HRI qualitative and quantitative (i.e., mixed-method) research approach in this field.

7.2 Qualitative approach for exploratory research study

As mentioned the differences between qualitative approach and quantitative approach in Section
2.2.5, we decide to introduce a qualitative approach for exploratory research study that adopts
subjective measurements in order to measure beliefs and desires of HRI experts (see Fig. 7.1).

It begins with:

• Selecting representative samples: type and number of the participants selected for exploratory
research study (i.e., qualitative approach) are highly dependent on the qualitative technique
chosen. In our approach, we select HRI experts as participants. Since we adopt subjective
measurements as qualitative evaluation techniques for qualitative approach, HRI experts’
responses can avoid the influencing by possibly technical incompetence or impairment.

• Determining the duration of the experimental trial: short-term, mid-short term, mid-long
term, and long-term are often used in an experimental study. In the context of social HRI, long-
term experimental can encounter some unforeseen impairments due to technological failures or
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personal inconveniences. We suggest that HRI researchers conduct short-term experimental
trial as first choice as it guarantees higher efficiency.

• Introducing legal ethical and social considerations: as robotics technology forays into our daily
lives, research, industry, and government professionals in the field of HRI in must grapple with
significant ethical, legal, and normative questions [140]. The use of robots in social context
poses unanticipated risks and ethical and social problems. Two main areas of potential ethi-
cal risk are considered here: children and elder [122]. The ethical discussion of ownership of
human biological materials has two major aspects. The most prominent argument revolves
around the effects such ownership would have on our views of humans, on whether humans
would become commodities. The second argument, raised clearly by John Moore’s suit, is
the fairness of the distribution of benefits: if any profit is made as a result of research with
human biological materials, how should it be shared between the source of the materials and
the researchers [67]. Hence, HRI researchers should check the following two rules before any
exploratory research study: Consent form, any research study that involves human partici-
pants, whether exploratory or confirmatory, qualitative or quantitative, online or in person,
requires participants’ informed consent before the research is started [14]. Ethical, legal and
social regulators, any research study that involves human participants, whether exploratory
or confirmatory, qualitative or quantitative, requires that the experiments comply with the
requirements of local and relevant overseas regulators in this regard, comply with local social
customs and culture as well.

It is worth to notice that Riek and Howard [138] present a preliminary sketch of HRI ethical
principles. It can be used as a preliminary check, whether experimental settings are in compli-
ance with ethics regulations or not. Otherwise, ethics committee of HRI research institutions
may provide more detailed feedback regarding your specific research experiment. Note that
ethics approval is a requirement for publication in many scientific journals as well [14].

• Selecting a robot and implementing the robot’s functionalities: the robot should be selected
according to the task scenario. In the context of social HRI, robots are often humanoid robots
or service robots (see in Chapter 2.1).

• Conducing the experiment in the realistic environment: as we mentioned in Chapter 2, the
experiment environment and the experiment settings should reflect realistically the application
domain and the situations that participants would likely to be encountered. For this reason,
we create the realistic environment to conduct experiments.

• Subjective measurements: focus group, interview and questionnaire are subjective measure-
ment techniques for conducting experimental studies, where focus group and interview are
often used for qualitative techniques when small size of samples are involved as participants.
The selection of measurement technique is highly dependent on sample size of representative
samples. Since experiments of qualitative approaches require HRI experts (i.e., small size),
interview and focus group techniques are recommended.

• Analysing the qualitative data: as we mentioned in Section 2.2.5, researchers use content
analysis, thematic analysis, text analysis and discourse analysis to analyze qualitative data.
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• Determining the HRI research statement: we declare the HRI research statements according
to our relevant findings.

Figure 7.1: HRI qualitative research approach with experts for exploratory research study

7.3 Quantitative approach for confirmatory research study

In [173], the authors define confirmatory research studies as researchers preregister their studies
and indicate in advance the analyses they intend to conduct. Only these analyses deserve the label
“confirmatory,” and only for these analyses are the common statistical tests valid. Other analyses
can be carried out but these should be labeled “exploratory". Exploratory research explore patterns
with no a-priori articulated hypotheses, whereas confirmatory research that explicitly tests a-priori
formulated hypotheses [119]. Therefore, to complement qualitative approach, we decide to introduce
a quantitative approach for confirmatory research study that adopts objective measurements in order
to measure behaviors of experimental participants and confirm the HRI exploratory statements (see
Fig. 7.2).

It begins with:

• Defining a research question: before any experiment concerning confirmatory research study
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(i.e., quantitative approach), HRI researchers should formulate a research hypothesis, analyze
dependent and independent variables and establish relationships between variables. Since
qualitative and quantitative methods can be used in sequential form, the research question
of quantitative approaches can be established on the basis of the HRI research statements of
qualitative approaches.

• Selecting representative samples: large-scale of participants are required in quantitative ap-
proach. In the context of social HRI, we suggest to use real users (i.e., users randomly selected
in the experimental field) as participants.

• Determining the experimental design: between-subjects, within-subjects and mixed-factorial
design are often used in the field of HRI [22, 115]. In psychology that make comparisons
using either within or between designs (or both) that sometimes yield the same results and
sometimes do not [36]. A between-subjects experiment would remove learning effect for in-
dividual participants, but it would be more difficult to control for variation in learning style
between participants. On balance, therefore, a within-subjects design is preferred, with order
of presentation controlled [51]. A mixed factorial design involves two or more independent
variables, of which at least one is a within-subjects factor and at least one is a between-groups
factor.

• Determining the duration of experimental trial: as we mentioned in the previous section, we
suggest to conduct short-term experiment as first choice.

• Introducing legal, ethical and social considerations: as we mentioned the importance of legal
and ethical issues in social HRI, we suggest to impose the same regulations as described in
the previous section.

• Selecting a robot and implement the robot’s functionalities: the robot selected is highly de-
pendent on the task scenario.

• Objective measurements: objective measurements are behavioral indicators you can measure
independently of people’s stated opinion. Objective measures include a broader range of
possibilities: reaction speed, physiological reactions and so on [72]. Observation of HRI in
naturally occurring social situations can be used to create new theoretical and practical models
of appropriate social robot behavior and design. Along with the promise of novel technical
challenges that can lead to developments in and beyond conventional approaches to robotics,
social robotics has potential for advancing our knowledge about human society by observing
how people explore and interact with social robots in non-laboratory social environments [144].
Hence, we suggest HRI researchers to adopt observation techniques by using camera or sensors
as evaluation techniques.

• Conducting the experiment in the real environment: to complement qualitative approach, we
suggest to conduct our experiment and impose our experimental settings in a real environment
in social contexts.

• Collecting the quantitative data: we collect quantitative data from cameras and sensors.
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• Data analysis: statistical method and machine learning method can be used for analyzing
quantitative data.

• Hypothesis validation and reporting findings: we conclude by validating the proposed hy-
potheses and reporting the relevant findings.

7.4 HRI qualitative and quantitative (mixed-method) research ap-
proach

The specific mixed methods approaches are defined by the ordering of the application of the quanti-
tative and qualitative methods (simultaneously or sequentially), as well as at what point the mixing
of the methods occurs. Qualitative and quantitative data collection can occur in parallel form or
sequential form [106].

In the context of social HRI, several researchers have proposed mixed-method for conducting the
HRI experiments. For instance, Dautenhahn and Werry [45] present a technique for quantitatively
and qualitatively describing and analysing HRI in terms of low-level behavioural criteria (so-called
micro-behaviours). In this section, we aim at improving the existing research frameworks and
proposing a new HRI qualitative and quantitative (i.e., mixed-method) research approach.

The proposed approach, HRI qualitative and quantitative (i.e., mixed-method) research ap-
proach, is developed base on three steps, as shown in Fig. 7.3. First step, we rely on HRI task
scenario development, which analyzes the elements of task scenarios and makes the HRI task sce-
nario layout available (e.g., see Chapter 6). Second step, we conduct the experiment in the realistic
environment by conducting the exploratory research study (i.e., qualitative approach) with HRI
experts. To validate the HRI research statements obtained from exploratory research study, we
conduct by the end the experiment in the real environment by conducting confirmatory research
study (i.e., quantitative approach) with large samples (i.e., real users). The content is described as
follows:

1. First step, development of HRI task scenario, by analyzing the elements of the task scenario
and sketching out the layout of the task scenario.

2. Second step, exploratory research study (i.e., qualitative approach), by conducting the experi-
ment in the realistic environment with HRI experts according to the task scenario.

3. Third step, confirmatory research study (i.e., quantitative approach), by conducting the ex-
periment in the real environment with real users according to the task scenario.

Moreover, we consider our approach for HRI qualitative and quantitative (mixed-method) as a
first small step towards HRI mixed research approach in HRI social contexts. The novelties of our
approach proposed are:

• Task scenario analysis, our approach analyzes task scenarios in advance, layouts of task sce-
narios are useful for implementing exploratory and confirmatory studies.

• Legal, ethical and social norms and regulators, our approach emphasizes the importance of
legal and ethical considerations when conducting HRI experiments.
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• Representative samples, our approach involves both HRI experts and real users as participants
when conducting HRI experiments.

• Realistic and real environment, our approach explores the possible research statements in the
realistic environment and validates the findings in the real environment.

• Qualitative data and quantitative data, our approach collects qualitative data and quantitative
data in order to analyze human behaviors toward robots and robot’s behaviors perceived by
human.

• Subjective measurements and Objective measurements, our approach complement subjective
measurements and objective measurements.

• Qualitative approach and quantitative approach, our mixed-method research approach con-
juncts qualitative approach and quantitative approach in sequential form, i.e., the HRI re-
search statement of qualitative approach is the research question to be validated in the context
of quantitative approach.

The improved mixed-method approach can give us a complete view on how to perform an HRI
experiment in social contexts, and we believe the findings obtained by our mixed-method approach
are reliable.

7.5 Discussion and Conclusion

In this chapter, we first propose a qualitative approach for exploratory research study in the field
of social HRI and discuss the main concerns of qualitative approach in exploratory research study
as follows: selecting representative samples, ethical, legal and social considerations and subjective
measurements. Secondly, we propose a quantitative approach for confirmatory research study in the
field of social HRI and discuss the main concerns of quantitative approach in confirmatory research
study as follows: formulating a research hypothesis, objective measurements. We end this chapter
by proposing a new qualitative and quantitative (mixed-method) research approach, and listing the
improvements comparing to the existing HRI research frameworks.

Conducting HRI experiments is challenging, we believe the improvement of our research ap-
proach is a small step toward human behaviors toward robot and robot’s behaviors perceived by
human research topics. The new research approach examines structure, concepts, and procedures,
with an emphasis on human factors in the field of social HRI. The conditional and dynamic procedure
of approach should be discussed in-depth in the future, as well as multiple elements of approach
along with quantitative and qualitative (mixed-method) research approach validation should be
discussed.
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Figure 7.2: HRI quantitative research approach for confirmatory research study
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Figure 7.3: HRI qualitative and quantitative (mixed-method) research approach
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Chapter 8

Discussion and Conclusion

8.1 Conclusion

HRI, a cross-discipline, encompasses a broad range of disciplines, as robotics, social science, artificial
intelligence (AI), robotics, psychology, human-computer interaction (HCI), etc. It is argued that
current research efforts and directions are not sufficient in HRI research, and that future research
needs to further address interdisciplinary research in order to achieve long-term success of socially
interactive robots [4]. To fulfill this gap, we try to bring together the multi-discipline to a unique
research area - Social HRI.

Social HRI research aims to understand interaction and interactivity between human and robot
in social contexts. Dautenhahn [43] presents three different ways on HRI: robot cognition-centred
view, robot-centred view and human-centred view (see Fig. 8.1). For this purpose, our thesis takes
the perspective of human-centred view, in particular, human behaviors toward robot and robot’s be-
havior perceived by human and investigates in-depth HRI research methodologies in social contexts.

Figure 8.1: Different view on social HRI [43]

Letters presented in Figure 8.1: A, socially evocative; B, socially situated; C, sociable; D,
socially intelligent; E, socially interactive
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8.1.1 Contributions in HRI research methodologies

We start by reviewing some relevant research methodological approaches in the field of multi-
discipline, and try to improve these methodologies by conducting some research studies in HRI. In
this thesis, we present a list of research studies :

• HRI confirmatory research study in a social context in order to investigate if user perception
may be affected by user’s gender. Leveraging on the standardized questionnaire - Robot Social
Attribute Scale (RoSAS), we analyze the quantitative data collected by the questionnaire and
reported interesting findings.

• HRI confirmatory research study in the realistic context of the SciRoc challenge to investigate
gender effect, user’s role effect, and robot’s behaviors perceived by users among different robots
developed by different participating teams. Leveraging on the dedicated questionnaire designed
for the tested scenario, we collect quantitative data and reported the findings.

• HRI exploratory research study in the realistic context of the SciRoc challenge in order to
explore the correlation relationship between task performances evaluated by scoring and robot’s
behaviors perceived by participants. Leveraging on the same questionnaire designed for the
test scenario and the task performance scoring, we collect qualitative data and reported the
findings.

To improve the existing research methodological approaches, we added participant recruitment
consideration, ethical consideration, environment consideration, robot’s autonomy consideration to
procedures of our research methodological approaches.

Questionnaire is the most common evaluation technique for collecting data from experiments.
However, there are few standardized questionnaires for HRI research. In this thesis, we present
an approach to develop a new type of questionnaire as a task-driven evaluation technique. Conse-
quently, we validate the reliability of the questionnaire developed. The approach proposed is easy
to replicate and reproduce.

Moreover, we introduce a novel approach for designing of task scenario which consists two steps,
then we exploit the approach proposed for designing task scenario "take the elevator" of the SciRoc
challenge.

We end this thesis by improving qualitative research approaches for exploratory research study,
quantitative research approach for confirmatory research study, and qualitative and quantitative
(mixed-method) research approach in the field of social HRI.

8.1.2 Contributions in scientific competitions

SciRoc Challenge is a repeatable and general-purpose test method (benchmark) developed for HRI
performance evaluating investigating users’ attitudes using HRI research methodologies. The chal-
lenge aims to introduce the robots in the European Robotics League (ERL) Smart Cities, in order
to show how robots will integrate in the social context of the future as physical agents living in
smart cities. On basis of the robots’ functionalities developed by participant teams, robots au-
tonomously cooperated with the simulated smart city (i.e., realistic environment) infrastructure
and interacted with its citizens (i.e., users selected by SciRoc organization), accomplishing tasks
such as assisting customers, providing professional services and supporting during emergency situa-
tions. To create the realistic environment, we provided a simulated smart city in the shopping mall
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of Milton Keynes which includes data acquisition system, data management system and physical
communication infrastructure.

The key novelty of the first SciRoc challenge was the introduction of a novel concept for de-
signing, implementing, and evaluating HRI tasks based on scientific competitions. For instance,
we concretely enacted HRI experimental studies to investigate users’ attitudes as well as develop
the HRI task scenario "take the elevator". Involving real users in the task scenario had relevant
impacts on scientific findings as well as it could promote dissemination of HRI scientific research,
and improve the visibility of AI and robotics technologies for audience.

Our colleagues from the university of London mentioned “Doing research just inside a lab, you
forget about how it’s going to be used, and how people are going to react, and think about it, and that’s
so central to whether this technology, robotics, is going to be acceptable and be useful to society.” In
the context of the first SciRoc challenge, developers of robotic technology and HRI researchers had
a good opportunity for users’ engagements which were usually missing.

Experimental studies conducted in the first SciRoc challenge bring a lot of value to scientific
community, they fulfilled with the multi-discipline sectors where we were going to develop such
as robotic technology, artificial intelligence (AI), communication technology in 4G or 5G, HRI,
interaction design, etc. Moreover, we discussed the scoring system in robotic competitions of HRI by
establishing the rules that encouraged developers to study in-depth human factors, human behaviors
toward robot, and robot’s behaviors perceived by human in the field of social HRI.

8.1.3 Lessons learned

In the field of HRI, researchers have attempted to develop the robot’s functionalities and the inter-
actions between human and robot, but few have attempted to characterize its research problems as
cross-discipline problems, and few have explicitly developed an entire research approach taking the
perspective of users in social contexts. Hence, we try to improve the existing research frameworks
in the field and attempt to propose a new HRI mixed-method research approach. In this way,
We hope we might gain a broad perspective of the multi-discipline in our thesis by explaining the
characteristics of research studies. We learn some lessons that we believe could be useful for other
HRI researchers:

• Participants, Ju and Takayama reveal that the experts are positive about robots performing
highly compensated jobs but have concerns about the robots’ sensory or physical capabilities
[81]. The non-experts, on the other hand, are interested in having robots undertake social
tasks like responding to people or answering the phones. This study confirms that the experts
view differently from non-experts. For this purpose, our HRI qualitative and quantitative
(i.e., mixed-method) research approach should involve both HRI experts and non-experts (i.e.,
possibly real users) in HRI research studies.

• Evaluation techniques, the responses to subjective measurement (i.e., interview or other eval-
uation technique) may influenced by the mood and state of mind on the day of the study.
For this reason, our HRI qualitative and quantitative (mixed-method) research approach con-
sists two types of evaluation techniques, subjective measurement and Objective measurement.
Subjective measurements are self-reported attitudes, thoughts, emotions and moods of partic-
ipants, collected through participants’ verbal responses. objective measurements can measure
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independently of person’s stated opinion [72].

• Task scenario, refers to the tasks performed by a person or a group of person in relation to a
social robot or a group of social robots. HRI researchers collect the essential information by
analyzing the elements of task scenarios. For this purpose, the experiments, either exploratory
research study or confirmatory research study, should be conducted on basis of the analysis of
task scenarios.

8.2 Limitations

In this section, we first discuss an ambiguous research problem regarding evaluation technique. since
comparing to observation techniques, questionnaires can be used to reach a wider participant group
in a social context, it takes less time to administer, and it can be analyzed more rigorously [51].
Questionnaire is also the most adopted evaluation method in the field of social HRI to collect
quantitative data. Hence, we can say that questionnaire is an evaluation technique with efficiency.

In theory, questionnaire is more subjective than objective as evaluation technique, i.e., it is a
subjective evaluation technique restricted in the specific task scenario. HRI researchers emphasize
the accuracy and consistency of the questionnaire proposed, but they have neglected the effectiveness
of a questionnaire comparing to an objective measurement. Since an objective measurement is more
convincing, interesting and generalizable to the real word [72], we need to discover the concise
concepts regarding weaknesses and strengths between objective measurements and questionnaires.

Secondly, traditional confirmatory research study (i.e., hypothesis testing) relies on statistical
methods such as p-values, bayesian methods, etc. HRI researchers should notice that descriptive
statics of quantitative data are useful in some specific circumstances, since p-value or beyesian
coefficient is not the unique criteria [72]. Our approach suggests to use objective measurement and
subjective measurement to collect data. We hope that HRI researchers could "treat" data carefully
by running data analysis with traditional approach and computational approach in order to avoid
possibly missing of underlying findings.

In the end, the latest advances concerning robots in real-world environments have brought a
series of challenges to be faced. In fact, taking robots out from the laboratory ecosystem is a
complex task as it introduces new problems related to unpredictable scenarios, where it is necessary
for the machines to act autonomously and irrespective of changes in their surroundings [8, 144].
Due to widely unforeseen variables in real-world environments, HRI researchers should consider all
these variables in a practical way. Each variable presented in social contexts can be a research topic
in the field of HRI. It is worth to notice that even fields like psychology do not have one agreed
upon methodology in how to carry out all these variables. Therefore, HRI researchers should make
"appropriate" assumptions in social contexts before any experimental study. These assumptions can
influence the relevant findings, but HRI community have not a concise list regarding this concern.

8.3 Future work

Researchers in the area are increasingly aware that new methods, methodologies, and in general a
theoretical and conceptual basis needs to be formed, if HRI is to establish itself as a research field
along-side e.g. HCI or psychology. As a research field, HRI is still in its infancy [42]. Our research
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approach proposed is a small contribution concerning research methodologies and approaches in the
field of HRI. However, we need to conduct numerous experiments in the field to validate reliability
as well as replicability of our approach proposed.

Following the success of the first SciRoc challenge, held in Milton Keynes, UK in 2019, the
second SciRoc event will settle in a new Smart City, Bologna Italy, in September 2021. Due to
COVID-19 restrictions, the second SciRoc challenge propose a simulation environment (see Fig.
8.2) to design and implement HRI experiments. The goal of the simulation environment is to allow
for the development of the whole architecture, main functionalities as person and object perception
are simplified by the simulation set up. Real users will be recruited and they will interact through
computer devices. The second SciRoc challenge offers a good opportunity to investigate human
behaviors toward robots through computer devices, the relevant results should be useful for HRI
communities.

In SciRoc 2 (Episode 1), the robot will assist the staff of a coffee shop to take care of their
customers. The robot is required to recognise and report the status of all tables inside the shop, to
take orders from customers and to deliver objects to and from the customers’ tables.

The immediate future work is to adopt our research proposed to design and implement the task
scenario both in the simulation context and in the realistic context.

As the field of social HRI, gains more visibility by researchers from multi-discipline. Any kinds
of suggestions, contributions or even criticisms from the community can push toward understanding
of human behaviors toward robot and robot’s behavior perceived by human. We hope that this thesis
can inspire HRI researchers to move forward standardization of metrics and measurements.

Figure 8.2: Simulated environment in the second SciRoc challenge (Episode 1, coffee shop)
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