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Abstract

A mobile robotic telepresence (MRP) system is characterized by a video con-
ferencing system which is mounted on a mobile robotic base. The system al-
lows remote pilot users to move the robot around while communicating with
local users situated in the robot’s environment. One of the most promising ap-
plication areas for MRP systems is to deploy them in homes of elderly who
are in frequent contact with health care professionals and/or alarm operators.
Using MRP systems, elderly can get in immediate contact with these services
even without leaving their homes. However, this poses some challenges for the
health care professionals and alarm operators. The alarm operators tradition-
ally communicate with their clients using the telephone while the health care
professionals see their patients face-to-face with little interference of computer
applications. The encounters between health care professionals and patients
typically take place at clinics. Neither the health care professionals nor the
alarm operators visit the elderly in person. Accordingly, they have no knowl-
edge about the layout of the homes or where the elderly may reside. Thus, the
social communication between them and the elderly via MRP systems is more
complex than their traditional interaction with elderly.

This compilation thesis makes a contribution towards understanding how
interaction is affected by MRP system embodiment. The work focuses on mea-
suring quality of interaction in MRP systems deployed in domestic settings in
elder care. The thesis proposes a set of useful tools for measuring interaction
quality. These tools are presence, spatial formations and sociometry. They were
selected based on their ability to capture important characteristics for commu-
nication via MRP systems, e.g. social communication and mobility, and have
been evaluated in experiments with real end-users, that is with alarm opera-
tors, health care professionals and elderly. The tools used to conduct the exper-
imental evaluations of MRP systems include video-based evaluations, driving
sessions and retrospective interviews. These methods were carefully chosen and
take into consideration the organizational background of the participants in-
volved and the challenge of conducting experiments with the aforementioned
groups of users.
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Chapter 1

Introduction

Telepresence is about the sense of being in other environments. Robotic telep-
resence offers the means to connect to remote locations via traditional telep-
resence with an added value of being able to move around and actuate in the
remote location. A facet of robotic telepresence is social robotic telepresence
where the primary aim is to foster social interaction between individuals who
are separated in space. A subset of these social robotic telepresence systems
focus on mobility. These systems are denoted as mobile robotic telepresence
(MRP) systems [1, 2]. MRP systems enable social interaction via a video con-
ferencing system and have the added value of allowing people (pilot users) to
maneuver the robots from distant locations.

Several application areas for MRP systems appear in literature and include:
domestic settings in elder care, hospitals, office environments and schools. How
a MRP system is used depends on in what context it is deployed. Physicians may
see their own patients that have been admitted to a hospital, remote co-workers
may participate in meetings or informal gatherings in office hallways and sick
children may attend classes in school. For each of these application areas, there
are different requirements on the MRP system. A child attending classes needs
to be able to catch attention, a remote co-worker needs to be able to localize
who is currently talking during a meeting and a physician needs to be able to
access medical records.

The application domain at focus in this thesis is domestic settings in elder
care. Many elderly prefer to live independently in familiar and residential set-
tings for as long as possible [3] but a large portion of them are in frequent
contact with health care professionals, e.g. assistant nurses, nurses and oc-
cupational therapists. This group of elderly may need assistance to transport
themselves to the many scheduled visits at clinics. Many of these elderly also
wear a security alarm button in a necklace which allows them to come in im-
mediate telephone contact with an alarm operator. Having a MRP system at
home allows elderly to interact with others, e.g. the health care professionals,
even without having to leave their homes. Using the device, the health care pro-
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2 CHAPTER 1. INTRODUCTION

fessionals can move around in an elderly person’s home and better assess the
elderly person’s living conditions and health status.

While the application of MRP systems at home for an elderly population
holds promise, this particular domain also poses some particular challenges.
The health care professionals work in organizational contexts in which the
normal contact with patients takes place face-to-face without the involvement
of computer applications. Similarly, even though the alarm operators have the
computer as a work tool, they use the computer for logging the calls. Con-
sequently, these groups of professionals traditionally have a limited technical
background. A second challenge with the deployment of MRP systems for do-
mestic use in elder care is that neither the health care professionals nor the
alarm operators may have previously visited the elderly person. Thus, they may
have no or little knowledge about the layout of an elderly person’s home or
where the elderly person is normally residing when being home. Hence, the so-
cial interaction enabled by a MRP system may be encumbered by difficulties
in navigating and maneuvering the robotic device, especially when making first
time visits. Such challenges may eventually impact the quality of interaction
and diminish the utility of a MRP system.

Clearly, different technical solutions could improve current MRP technolo-
gies and address different aspects of the aforementioned challenges. Examples
of such technologies could include semi-autonomous navigational features or
more intuitive client interfaces. However, an important question to answer
prior to proposing such solutions is “How to measure the quality of interaction
when using a MRP system in the context of domestic settings for elder care?”.
Answering this question would enable the possibility to assess what character-
istics and features a MRP system should adopt in order to promote its utility.
The aim of this thesis is to make a contribution towards answering this question
by specifically attempting to capture measures that consider aspects related to
embodiment that occurs in a MRP system interaction. This issue has so far re-
ceived little attention in research, but understanding the effects of embodiment
could result in the development of better technological solutions.

1.1 Contributions

This thesis focuses mainly on measuring the quality of interaction in MRP sys-
tems and makes a contribution towards understanding the effects of the embod-
iment that comes with MRP systems by proposing a set of tools which can be
used to measure interaction quality when using MRP systems to communicate.
These tools are selected based on their ability to capture information that is par-
ticularly important for MRP systems, e.g. social communication and mobility.
The tools are evaluated by conducting experiments with real end-users, that is
with representatives of different health care professions and elderly themselves.
Consequently, the specific contributions of this compilation thesis are:
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• A comprehensive review of MRP systems (Paper I) which overviews the
MRP systems available, their use and the core research directions that
have appeared in literature. In literature, a variety of terms have been
used to refer to the system and the users. The review proposes to adopt a
specific terminology for MRP Systems.

• Tools to measure quality of interaction in mobile robotic telepresence
from a pilot user’s perspective using tools from other domains. These
tools include: presence (Paper III and V), spatial formations (Paper III-
V) and sociometry (Paper V). The proposed tools have been evaluated
in experiments and the results show that there are correlations between
quantitative measures (e.g. sociometry) and qualitative data (e.g. presence
and observations of how well the pilot user could maneuver the robot).
The results indicate that the quality of interaction in mobile robotic telep-
resence is an aggregation of the data collected by the different tools.

• Tools to conduct experimental evaluations with MRP systems for do-
mestic use in elder care. The proposed tools which have been used in
the experimental evaluations take into consideration the organizational
background of the participants involved in the evaluations and the spe-
cific evaluations with a low number of participants.

The work in this thesis was performed within the context of the Ambient
Assisted Living Joint Programme project ExCITE - AAL-2009-2-125 - Enabling
SoCial Interaction Through Embodiment. The MRP system Giraff is evaluated
in situ, on a Pan-European scale and with a longitudinal perspective by deploy-
ing Giraff robots in the homes of targeted end-users (elderly). This thesis does
not examine the use of Giraff on a long-term scale but focuses on measuring
the quality of interaction when using the MRP system Giraff.

1.2 Outline

The structure of the thesis is as follows.

Chapter 2 introduces the concept of MRP systems (reviewed in Paper I). The
chapter overviews studies on the use of VMC systems in home settings
and also studies on the use of mobile video telephony. The chapter also
introduces principles that govern mediated communication that have pre-
viously been discussed in literature.

Chapter 3 introduces the reader to different theories that can be used to mea-
sure the quality of interaction in MRP systems. These theories are social
and spatial presence, spatial formations (Kendon’s F-formations) and so-
ciometry and form the theoretical framework for the studies presented in
Paper III-V.
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Chapter 4 focuses on the different experimental evaluations that have been
conducted. The evaluations were conducted with representatives of the
different organizational units that are expected to use MRP systems when
they are deployed in domestic settings in elder care. Different experimen-
tal evaluation methods were used throughout the work due to the chal-
lenge of finding large numbers of participants in the particular application
domain. These methods include: a video-based evaluation to assess how
a MRP system was initially perceived by intended user groups, measuring
the interaction quality when pilot users maneuvered the robot for the first
time using a set of different tools and in-depth retrospective interviews
with elderly who had interacted via a MRP system for the first time.

Chapter 5 summarizes the five papers that are appended to this compilation
thesis.

Chapter 6 provides a critical discussion on the tools that were used to mea-
sure quality of interaction and to conduct experimental evaluations in
the studies presented in Paper II-V. The chapter also outlines future work
that is needed in order to understand how the quality of interaction mea-
sures apply also on other MRP systems and on larger data sets.



Chapter 2

Video Mediated

Communication and Mobile

Robotic Telepresence

This chapter introduces the reader to the concept of MRP systems. The concept
can be seen as an extension of video mediated communication (VMC) systems.
To further understand how MRP systems can be deployed in domestic settings,
the chapter also overviews previous research on usage of VMC systems in do-
mestic settings and mobile video telephony. The chapter also introduces princi-
ples that govern mediated communication previously discussed in literature.

2.1 Mobile robotic telepresence

The field is rapidly growing and several new MRP systems were launched on
the market during 2012. Various terms are currently used when referring to
a MRP systems and its users. To resolve this issue, Paper I proposes a specific
terminology for the field. The following terms and definitions are suggested and
will be used throughout this thesis:

Mobile robotic telepresence (MRP) systems are characterized by a video
conferencing system mounted on a mobile robotic base. The system allows a
pilot user to move around in the robot’s environment. The primary aim of MRP
systems is to enable social interaction between humans. The system consists of
both the physical robot (sensors and actuators) and the client application used
to maneuver the robot. The term MRP system is also used in e.g. [1,2].

The pilot user is the person who remotely connects to the robot via a client
application. A pilot user, who is embodied in a MRP system, can move around
in the environment in which the robot is located and interact with other people.

The local user is the person who is co-located with the robotic device. The
local user is free to move around while communicating with the pilot user.

5
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ROBOTIC TELEPRESENCE

Figure 2.1: The PRoP MRP system.

The local environment is the environment in which the robot and the local
users are situated.

One of the first MRP systems in the literature was the PRoP (Personal Rov-
ing Presence, see Fig. 2.1). Since PRoP, many similar types of systems varying
only slightly in design and functionality have been developed. A brief descrip-
tion of many of the robotic devices is provided in Paper I, Section 2. A current
trend is to make use of smartphone technology and/or tablet PCs as integral
components of the design. Commonly, MRP systems also leverage on the open-
source robot operating system (ROS) and commercially available video confer-
encing systems (Skype).

Although MRP systems are suitable for a range of different applications,
there are a number of challenges depending on the domain of use. Three ap-
plication areas dominate the literature: office environments, health care and
ageing in place1 for elderly.

The evaluations of MRP systems in office environments using primarily
QB [4], Texai [5] and VGo [6] have shown that there is a need to support
the pilot users who participate in meetings and engage in informal interactions
with the local co-workers in the hallways. The informal interaction often takes

1The ability to live safely, independently and comfortably in one’s own home regardless of age,
income, or ability level.
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place in eating areas and in the hallways. Therefore, it is important that MRP
systems support interaction when the pilot user is on the move. Further, since
most meetings involve more than one local user, it is important that the pilot
user is aided in perceiving sound and in localizing the directions of sound. From
the most common uses in the office context, we can also draw the conclusion
that MRP systems need to support both sitting and standing conversations.

For MRP systems which are used for ageing in place or independent living,
there are other requirements typical of the devices. One such requirement is
that they are typically used for longer periods of time (over months or years).
Therefore, the study of utility of the platform is an aspect to consider. The
typical local user is fragile and the experience of using computer technologies
varies. Elderly people’s homes are often crowded with memories and tools asso-
ciated with current needs. Little space is left for a MRP system while charging
and when moving around. A number of evaluations, e.g. [7], have been con-
ducted in the “Telerobot project” which mainly focuses on the client interface
of a robot developed specifically for use in domestic settings. There is a concern
among health care professionals that the use of MRP systems could result in a
loss of human interaction, replacement of staff, increased costs and a lowered
health care coverage. Other concerns regard the camera and privacy. Michaud
et al. [8] conducted focus groups where the concept of a the domestic robot
“Telerobot” [9] was presented using photos. Possible applications seen were
to use MRP systems to monitor autonomy loss and patient abilities (studying
task performance in natural settings), for rapid access and for remote training
of staff [8]. The MRP system Giraff is currently being evaluated in the ExCITE
project [10] and there are several research initiatives, e.g. [11, 12], that focus
on increasing the utility of MRP systems by adding monitoring capabilities.

The interaction through a MRP system entails not only interaction between
two humans. The local user is also interacting with a robot over which he has
little control. The pilot user is maneuvering the robot while interacting with the
local user. The interaction of one kind can influence the interaction of another
kind. To exemplify, it has been found that the burden of maneuvering a MRP
system also influences how well a pilot user and a local user can interact with
each other [2]. In research, evaluations of MRP systems have mostly addressed:
(1) quality of communication measures, (2) attitudes and acceptance measures,
(3) societal and ethical issues and (4) technical measures regarding the (i) pilot
interface design, (ii) semi-autonomy and (iii) communication channel reliability.

The quality of communication measures include attention which is funda-
mental for the flow in a face-to-face conversation [13] and the multidimensional
concept presence [14].

Factors found to impact the attitude are the height of the robot and whether
or not the local users can see the pilot user’s face. Children positioned them-
selves at a shorter distance to a short robot than to a tall robot in [15]. At an
exhibition in which a robot guided people, participants interacted for a longer
time with a robot when it showed the face of the pilot user [16].
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Results of the evaluations on technical measures point towards that there
is a need to support the pilot users in maneuvering MRP systems by provid-
ing a map and semi-autonomous functionalities such as “go to” and “fol-
low” [17,18]. Preferable is also to have two cameras, one high-resolution cam-
era for interaction and another camera for navigation [17]. Due to the fact that
MRP systems can be moved around by pilot users, there is a need to make the
communication channel more reliable and robust. The signal should be auto-
matically recovered so that the pilot user can regain control of the robot in case
the connection is lost due to e.g. limitations in the WiFi or invisible network
shadows [19].

2.1.1 The MRP system Giraff

All experiments reported in Paper II-V were conducted with the MRP system
Giraff [20]. Giraff is a 163 cm tall MRP system and consists of a mobile robotic
base on which a LCD screen, a wide-angle lens camera, speakers and a mi-
crophone are mounted on a pole. The video conferencing system used for the
interaction is VSee. The client interface can be installed on any PC and allows
the pilot users to connect to and move the Giraff around in a local user’s en-
vironment. The pilot user maneuvers the robot by pointing directly on the live
video feed while pressing the left mouse button. The robot’s speed is adjusted
by the length of the line that the pilot user draws on the video feed. The longer
the line, the higher the speed.

Different versions of Giraff have been used in the experiments. Fig. 2.2
shows a picture of the first Giraff prototype. This Giraff was used in the study
reported in Paper II. The second prototype was used in the study reported in
Paper III. It had a similar design as the first prototype but a different colour.
Giraffs with a new design were delivered from 2011 and onwards, see Fig. 2.3.
Fig. 2.4 shows a snap shot of the client interface version 1.4 (released sum-
mer 2012). This interface is almost similar to its predecessors and differs only
slightly in the look and feel. This robot was used in the studies reported in
Paper IV and V.

2.2 Video mediated communication

Research on video mediated communication is vast and covers use of VMC sys-
tems in domestic settings, in collaborative work, comparisons between different
modalities for communication and studies on video telephony in the context of
mobile phones. Research in the literature related to video mediated communi-
cation is highly relevant for MRP systems as they share many common func-
tionalities. A VMC system adds a visual element to the interaction between
humans and is typically installed on a computer or a mobile phone. An ex-
ample of a VMC system is Skype [21]. The program, which can be installed
both on computers and mobile phones, can also be utilized for file sharing and
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Figure 2.2: The first Giraff prototype.

chatting. Skype had more than 35 millions concurrent users in May 2012 [22]
and has more than 280 million users [23]. Microsoft has acquired Skype and
are transferring their users of Windows Live Messenger to Skype starting from
April 2013 and onwards [23].

2.2.1 Early history of VMC systems

The first public videophone was developed in Germany and opened a con-
nection through broadband coaxial cables between post offices in Berlin and
Leipzig in 1936. The system was developed by Fernseh-Aktiengesellschaft, part-
ly owned by the Baird Television Ltd, U.K. The connections opened were Berlin-
Hamburg, Leipzig-Nuremberg and Leipzig-Munich. Although plans existed for
an expansion across the Austrian border, the connections closed with the Sec-
ond world war in 1940 [24].

An early version of VMC systems called the “Picturephone” was launched
by AT&T (Bell Labs) in 1964, but it was soon withdrawn. Yet, Picturephone
motivated the implementation of e.g. high speed data transmission and digital
technology [25]. In this section, the aim is to provide the reader with a summary
of why Picturephone was launched, possible reasons for its failure, and how it
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Figure 2.3: The Giraff robot released 2011.

Figure 2.4: The Giraff client interface v 1.4.
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has affected the information age2. Worth mentioning is also that there were sev-
eral other early developments of VMC systems, e.g. by the French Matra [26],
the Swedish Ericsson [27] and the Japanese Atari/Mitsubishi Electric [28].

Edward Bellamy had imagined that future homes would be filled with piped-
in images and sound already in the late 19th century. Paul Valery had echoed
this idea around half a century later and predicted that visual and auditory im-
ages would be brought into the homes just as water, gas and electricity already
had [25]. Bell Labs seeked a new mission for the company when voice tele-
phony was reaching a universal spread. Bell Labs’ idea was that “only some-
thing equally daring - a second communications revolution - would do”, p.
63 [25]. In 1964, when Picturephone was launched, television was already
dominant over the radio. Thus, there was an existing faith that image would fol-
low voice. However, television did not offer two-way communication. On such
grounds, Bell Labs considered the analogous Picturephone, which required two
additional copper wires to handle the video signal, to be the tool they needed
to stay ahead in the information race [25]. It was understood that the network
infrastructure would have to be updated when new media services arose and
that the best way to do so was by moving to higher transmission frequencies.
Thus, the step towards using digital methods for transmitting data seemed to
have large potential. In a digital form; data, image and voice traffic could be
transmitted over the same wire. But the digital technology would also be able to
handle a much wider range of customer demands on transmission of data [25].

One of Picturephone’s limitations was its high cost. The cost for the service
exceeded 10% of the median family income. However, it was not the only rea-
son for the withdrawal. A cheaper version of the Picturephone, called Video-
phone, that was launched in the 1990’s was also unsuccessful. Another issue
with Picturephone was the lack of privacy. It was considered to demand an un-
divided attention. At the same time, Picturephone was being criticized for not
being intimate enough and for being impersonal [25]. In an effort to improve
the experience, a second version of Picturephone equipped with speakers and a
swivel base to allow people to move around was launched in 1969. Yet, Picture-
phone was quietly withdrawn from the market in 1978 due to a low number
of users [25].

Lipartito suggests that reasons for Picturephone’s failure may be that it was
treated as an enhancement of an existing product and that it was launched
when Bell Labs were facing competition in their main market. For this reason,
Picturephone was launched on a mass market rather than being introduced at
low rates to build a demand on a niche market. [25].

Also MRP systems are considered to be an enhancement of the existing
VMC systems. They are considered to have the added value of allowing pilot

2The section summarizes the article “Picturephone and the information age: The social meaning
of failure” by Lipartito [25]. The original article contains many references that are difficult to
access/cite.
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users to move around and actuate in remote locations. This can be compared
to Picturephone’s swivel base.

2.2.2 Experiences in home settings

Practices surrounding the use of VMC systems in home settings were investi-
gated by Kirk et al. [29]. People using VMC systems at home often claim that
the communication through the system makes them feel closer with whom they
are interacting. Aiming at understanding what people mean with feel closer,
how it is achieved and what form the interaction takes, Kirk et al. interviewed
17 people who regularly used VMC systems at home. All but one participant
turned on Skype only at regular time slots during which a call was likely to oc-
cur. The predominant view when using a VMC system was a head and shoulder
view but the flexibility to adjust the view was appreciated. The study revealed
differences between young users and parents [29]. The young ones, who talked
to their parents, wanted to control what was in the image while their parents
had a desire to be able to see their adult children but also the surroundings of
them. Usage of VMC systems was seen as a direct replacement of a telephone
call. However, the provision of video was seen as a bonus rather than a pre-
requisite [29]. The participants regarded video mediated communication as a
relatively intimate act and communicated almost exclusively with family and/or
partners. Closeness was found to have different meanings: (1) fostering of links
between grandchildren and grandparents, (2) to be involved in what was go-
ing on back home, (3) knowing the partner was around while being separated
and (4) partaking in daily activities e.g. bedtime routines [29]. The study also
revealed that there was a difference in dedication of time when compared to a
telephone call. The participants found it almost impossible to be doing anything
else while communicating through the system due to the fact that it would be
seen. Two of the participants opened VMC system connections when trying to
include the grandparents in the children’s birthday celebrations. Kirk et al. [29]
discuss that video can enable a conversation between those who cannot ordinar-
ily do so because conversation is a skill which has to be learned. For example,
many children lack knowledge about the importance of back-channelling when
talking on the phone. The use of video allows for the establishment of distant
conversation between children and grandparents even before the young ones
are able to exchange words [29]. Also Furukawa and Driessnack [30] studied
the use of VMC systems to connect with family. Positive comments in the study
related to: added visual cues, economical savings, a feeling of having a face-to-
face interaction and communication with young children/grand parents. Often,
the comments focused on the possibility to share life events, e.g. a new hair cut.
Noted drawbacks included a perceived need to schedule the calls, technical dif-
ficulties, poor video quality and the need to care about how one appears [30].

The perceived need to schedule the calls reported in [30] and the fact that all
but one participant in Kirk et al’s study [29] only turned on the VMC system at
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regular time-slots indicate that VMC systems are perceived in a different way
than telephones.

Lewis and Cosier [31] discuss that although it may seem obvious to adopt
the pictorial culture of television as a guide to develop VMC systems, it is a
fundamental mistake. While a photographer shooting a movie controls the ac-
curacy and relevance of a picture, video mediated communication is about re-
ciprocal giving. A problem with VMC systems is that the users may have trou-
ble controlling what is heard or seen by the other. This may mentally constrain
the users of a VMC system. Lewis and Cosier [31] write that users need to have
as much control over how they appear on the screen as over how they sound
and write. Photographers know that close-up views are not always the best
ones since they deny our natural tendency to look around and thereby create
feelings of remoteness or alienation [31]. The view provided by a VMC system
is a close-up view. “Body language is an important aspect of human commu-
nication and a very important part of creating a sense of surrogate presence
or involvement in a remote location”, p. 77 [31]. Visibility of body language
can be even more important than lip synchronization according to the authors.
They also write that telepresence has a different meaning to different people.
It is fundamental to know why telepresence is being enabled before thinking
about how to achieve it [31].

Relating Lewis and Cosier’s discussion to MRP systems, they vary slightly
in design and functionalities depending on what application domain the MRP
system is intended for. The designers have taken into consideration which tasks
the robotic devices are to be used for. Further, the body language of the local
user of a MRP system is visible to the pilot user.

2.2.3 Experiences from mobile video telephony

Mobile video telephony (MVT) adds mobility to the interaction. Even though
this mobility is of a different kind than the mobility of MRP systems, it is
of interest to investigate how MVT compares to VMC systems. It is important
since it can be expected that many pilot users will connect to MRP systems from
smartphones (or tablet PCs). Gartner predicts that the number of smartphones
sold to end-users during 2013 will be around 1 billion units and that the overall
number of mobile phones sold to end-users will be around 1.9 billion units [32].

O’Hara et al. [33] outlined everyday practices and barriers with MVT. Their
study included 21 participants who all knew some of the other participants.
The participants were asked to keep a log book over their MVT calls during
5 weeks after which they were interviewed around the calls made [33]. The
results suggest that the mobility enabled video mediated communication in cir-
cumstances where a fixed VMC system would not be found. Half the calls were
made to keep in touch and share what was going on [33]. However, consis-
tent with previously research on VMC systems, e.g. [29], also MVT was only
used for special circumstances and relationships. One of these circumstances
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was couples who were being separated for extended periods of time [33]. Sim-
ilarly to VMC systems, MVT was used when communicating with children.
Reasons for the calls included: (1) it was nice to see the face, (2) they are cute,
(3) they do funny things e.g. drooling, (4) being the only way they can com-
municate and (5) experience routines in the children’s lives e.g. bath time. Also
the children were excited about the MVT calls [33]. The second most common
use for MVT calls was to show something or to be shown something. This is
presumably easier with a mobile phone than with a fixed VMC system but the
users were found to have difficulties switching between the two cameras on the
mobile phone and sometimes chose to turn the mobile phone around. This re-
sulted in poor video and sound quality [33]. Ironically, one of the barriers with
MVT was the fact that the phone was mobile. The “calls” could take place
in any location. Privacy management was found difficult in comparison with
a telephone call. People who were being co-present in public areas could hear
the conversation due to the fact that the mobile phone’s loudspeaker was being
used during the MVT calls. Earpieces were considered as being a good concept
among the participants but they were seldom used [33]. Also the use of video
made the communication public. The participants reported that some people
who were co-present stared at the screen or “dived in” to wave or make funny
faces to the person they were interacting with. Being in public environments
was perceived as being particularly problematic for the ones who received the
MVT calls [33].

A perceived problem with MVT was that the incoming calls could not be
predicted. They could occur in various places and contexts leaving the recipient
of the call out of control. Other more practical barriers to MVT were noise,
poor lighting and the problem of doing multiple tasks simultaneously since
this could be seen [33]. The inability to control incoming MVT calls can be
compared with Kirk et al.’s study [29] in which people turned on their VMC
system only at scheduled times rather than treating it as a phone.

Users of both VMC systems for home use and MVT prefer using the system
to interact with family. The mobile phones are often used to show or be shown
something but the results of O’Hara et al.’s study [33] indicate that it is mentally
demanding to show things using the mobile phone’s camera. MRP systems can
be used for the same task but with the difference that it is the pilot user who
orients the robot towards what is being shown.

2.3 Principles for mediated communication

Mediated communication refers to any interaction that is transmitted by a
medium. Mediated communication can occur in different forms ranging from
written text, e.g. emails to video mediated communication. This section intro-
duces principles that govern mediated communication previously discussed in
literature. Specifically we discuss the theories; bandwidth hypothesis, cognitive
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cueing and social cueing which were reviewed by Whittaker [34], communica-
tive assymetries, eye-contact and intimacy.

2.3.1 Bandwidth hypothesis

The hypothesis addresses how different modes (linguistic or linguistic and vi-
sual) affect communication. Regardless of task, the communication is more
efficient when the technology’s set of modes is closer to face-to-face communi-
cation [34].

Whittaker found little evidence for the bandwidth hypothesis. Adding a
mode does not necessarily contribute to better communication. In particu-
lar, the visual information generally contributes little on cognitive tasks when
speech is available. The addition or removal of speech has more effect than the
other modes [35,36].

2.3.2 Cognitive cueing

Cognitive cueing consists of four hypotheses concerning turn-taking, availabil-
ity, the role of a shared visual environment and interactivity.

The turn-taking hypothesis says that technologies precluding access to visual
information such as gaze, gestures and head nods will disrupt turn-taking [34].

Whittaker reports that research findings regarding the hypothesis are mixed.
Sellen [37] found no difference between video/speech and speech only. In other
studies, e.g. [38], it was found that the turn-taking techniques were more formal
and that the spontaneity was reduced in video mediated meetings when com-
pared to face-to-face interaction. Jackson et al. (2000) found that a reduced
video quality had a greater effect on the turn-taking in dyadic video mediated
interaction than in a four person interaction [39]. There is however subjective
support in that visibility facilitates turn-taking [37].

The availability hypothesis says that technologies which prevent users from
accessing visual information about presence and availability reduce the users’
ability to initiate impromptu workplace conversations. Providing visual avail-
ability information should lead to fewer failed attempts of initiating conversa-
tions [34].

Overall, Whittaker found little evidence for the hypothesis. However, he
reasoned about open links providing low quality video between different office
environments. Whittaker argued that people may be unwilling to initiate con-
versations in such conditions [34]. There is evidence in previous research for his
argument, e.g. [38, 40, 41] reported that conversations over low quality video
are disrupted when compared to face-to-face conversations.

However, here it should be noted that Whittaker’s review is from 2002.
Today, programs such as Skype have availability indicators integrated into the
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interfaces. The indicator can be set automatically depending on if the user is
situated by the computer or not. The user can also manually display messages,
e.g. “do not disturb”.

The shared environment and shared attention hypothesis says that technolo-
gies which prevent other users from accessing visual information, e.g. gaze and
gestures, in shared physical environments will disrupt the ability to reference.
Further, communication in a shared environment is more efficient for tasks that
require physical manipulation as it provides a means to jointly perceive changes
to the environment without having to reference them [34].

Access to a shared environment provides the people with a common ground
when interacting. If all people interacting can see a change to an object, this
change does not have to be explicitly commented on during the interaction.
Studies supporting this hypothesis include [42–44].

The interactivity hypothesis says that technologies that fail to support inter-
activity will show less incremental reference, more redundancy, longer turns,
reduced interruptions and reduced speaker switching [34].

Whittaker [34] wrote that there had not been a large research effort study-
ing interactivity in mediated communication and that one of the few exceptions
was an experiment by Oviatt and Cohen. They found that interactive commu-
nication was more efficient. The number of misunderstandings were lower in
expert-novice instruction tasks when there was interactivity [45]. Whittaker [34]
also reported on investigations of the effects of preventing conversational feed-
back in face-to-face, video/speech and speech-only communication. Absence of
persistent feedback lead to over-elaborated and redundant messages [46] and a
decreased mutual understanding [47].

2.3.3 Social cueing

Social cueing concerns visible behaviours, e.g. facial expressions and gaze which
convey affective information, and interactive behaviours which provide socio-
emotional feedback. Technologies that fail to support interpersonal informa-
tion and feedback will alter emotional content but also higher level processes
that mediate negotiation related to social cueing [34]. There have been two ma-
jor social cueing theories. One is social presence theory3 [48]. The theory argues
that technologies differ in the extent that they present a sense of the conversa-
tional partner’s goals, attitudes and motives. Both face-to-face and video/speech
communication provide visual interpersonal information, e.g. gaze and facial
expressions. Thus, they are high on the scale of social presence. According to
the social presence theory, the content and outcome in tasks requiring inter-
personal information will change if the technologies fail to communicate social

3Read more about the social presence theory in Section 3.2.1.
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presence [34]. The other focus in social cueing theory has been on the absence
of social cues in mediated communication. Here, the argument is that lack of vi-
sual interpersonal information with attenuated socio-emotional feedback trans-
forms emotional content and other social processes, e.g. negotiations. To exem-
plify, Kiesler et al.’s study from 1985 [49] compared computer-mediated discus-
sions with face-to-face discussions. A software with two windows in which the
study participants could read and write text was used in the computer-mediated
condition. The authors found that the computer-mediated discussion was more
formal and less spontaneous [49].

Whittaker wrote that “gaze is an important indicator of interpersonal atti-
tude or affect, however few gazes last more than a second and any deviation
from that distribution is associated with an unusual form of interaction”, p.
27 [34]. The facial expressions are also informative about the affective state of
conversational partners and interpersonal attitudes [34].

Although Whittaker’s review [34] is from 2002, his discussion around the
different hypotheses is much related to the concepts of VMC and MRP systems
for social interaction. What is of special interest is that he found that mediated
and face-to-face communication are equivalent under certain conditions. It is
task dependent and needs to be explained in terms of underlying affordances
of the technologies and how these support communication behaviours. There-
fore, the finding suggests that a tool must be evaluated in the conditions where
it is intended to be used. So, when developing robotic devices with elderly in
mind, we need to focus on them and on how the robot is intended to be used
when evaluating the devices. While Whittaker found that visual information
is not important for turn-taking or for availability information, he also found
that gaze and gestures are important for communicating interpersonal infor-
mation [34]. It is expected that MRP systems deployed in domestic settings in
elder care will be used for communication of interpersonal information and
that MRP systems will help to promote independent living and safety at home.
For this reason, health care professionals and alarm operators may connect to
the device. Their communication is not just on a personal level but can also be
serving different medical or security purposes. Yet, Picturephone was criticized
for being impersonal, not intimate enough and not preserving privacy (see Sec-
tion 2.2.1). It is thus important to examine if MRP systems are perceived to
preserve privacy.

Whittaker wrote that “We need to: refine our notions of task and the rela-
tions between tasks, to produce more careful analyses of important underlying
explanatory affordances, to define new models that better characterize asyn-
chronous communication and mass communication. Unless we do this, we will
never have theories that truly address mediated communication, rather than
trying to account for mediated communication results in terms of face-to-face
communication,” p. 41 [34]. Therefore, we need to define models that capture
the characteristics of the different sorts of interaction that elderly may use a
MRP system for. Depending on who the elderly person is interacting with, the
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task differs. To conclude, a nurse who communicates with an elderly person
via a MRP system can be expected to be concerned with the elderly person’s
health. The occupational therapist may be concerned with assessing the elderly
person’s environment and with assessing whether the elderly person is doing
his or her exercises in a correct way.

Different principles for mediated communication need to be considered de-
pending on where a MRP system is to be deployed. To exemplify, the four
hypotheses concerning the cognitive cueing are all relevant for MRP systems
deployed in office environments. When deployed and used in domestic settings
in elder care, it can be imagined that a “shared environment” enabled by the
robotic device that is situated in the home may aid health care professionals in
assessing an elderly person’s situation.

2.3.4 Communicative asymmetries

When interacting via video mediated communication technologies, e.g. VMC
and MRP systems, nonverbal and verbal conduct may be transformed and
introduce communicative asymmetries in the social interaction [50]. A com-
municative asymmetry in video mediated communication can occur when a
speaker uses the whole body to perform and these gestures go unnoticed for
a listener due to camera angles. Visual conduct, e.g. gestures, plays a critical
role in shaping how individuals interact [50]. The nature of a talk emerges
during the interaction between a speaker and a listener. Even a single gesture
can encourage different responses. People who communicate via a video medi-
ated communication technology can observe each others’ behaviours. Despite
that, gestures and gaze which are systematically used in face-to-face commu-
nication are ineffective in video mediated communication. Illustrative gestural
descriptions may be exaggerated but also met with no response. Heath and Luff
suspect that the inability to engender a gaze response “undermines the ability
of speakers to secure mutual orientation”, p. 101 [50]. The listener accesses
gestures and accompanying movements as they appear on the screen. The lis-
tener’s visual field is larger than the screen. Therefore, only large changes in
the screen’s content will typically attract a listener’s attention. Meanwhile, the
speaker has other difficulties. His access to the listener’s environment is delim-
ited by the video mediated technology [50]. What is missing in video mediated
communication is a common frame of reference. The speakers shape gestures
in a belief that they will be perceived as intended [50].

The users of a VMC system cannot control their field of view and typically,
they have only a head and shoulder view of each other. Therefore, gestures that
are not covered by this view will be unnoticed. The pilot user of a MRP system
has a larger view of the robot’s environment and the local user. At the same
time, the local user has only a head and should view of the pilot user.
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Intimacy = f

Figure 2.5: Theory of Intimacy, p. 293 [51].

2.3.5 Eye-contact and intimacy

In 1965, Argyle and Dean introduced the theory of Intimacy, depicted in Fig. 2.5.
Intimacy is an equilibrium “joint function of eye-contact, physical proximity,
intimacy of topic, smiling, etc,” p. 293 [51]. If one of these factors is disturbed,
the others will change in the reverse order in order to compensate for the dis-
tortion [51]. Argyle and Dean reported on several experiments to support their
theory. In an experiment in which the participants were told to stand as close
as it felt comfortable, they found that both children and adults stood closer to
a person who was seated in a chair if he had his eyes shut than if he had his
eyes open [51]. In another experiment, in which the participants were seated
on chairs at different distances from a person (2’ (≈ 61 cm), 6’(≈ 190 cm) and
10’ (≈ 305 cm)), the length of glances increased when the distance increased.
Signs of discomfort were observed when participants were forced to interact
at 2’. The participants, although prevented to do so by the chairs, tried to in-
crease the distance by leaning backwards. When not succeeding, they tried to
reduce the eye-contact by gesturing, e.g. looking down or shading the eyes with
the hand etc. The opposite behaviour was found in the 10’ condition in which
the participants tried to lean forwards [51]. Argyle and Dean further pointed
out that women are using eye-contact to a further extent when interacting in
various situations and that there are cross-cultural differences regarding eye-
contact and intimacy [51].

Applying the theory of Intimacy to MRP systems would then potentially
mean that the experienced intimacy for the local users and pilot users would
depend on eye-contact, physical proximity, intimacy of topic, amount of smiling
etc. While there is a real physical distance between two users of a MRP system,
the physical proximity between the robot and the local user can be adjusted
by both the pilot user and the local user. The possibility to adjust the physical
proximity, the robot’s camera orientation and LCD screen tilt angle together
with the ability to communicate using body and facial expressions indicate that
intimate situations should still be achievable. Another factor pointed out to be
of importance when interacting via a MRP system is to be able to adjust the
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height in order to increase the level of eye-contact [15,52,53]. This could be fur-
ther motivated for MRP systems deployed in office environments where remote
co-workers use MRP systems when participating in meetings. Also in real life,
we generally prefer conversations in which all are either standing or sitting. A
difference in height may indicate a dominance-subordinance relationship [54].

2.4 Summary

The work in this thesis focuses mainly on measuring the quality of interaction
in MRP systems by conducting experiments with pilot users who are repre-
sentative of different organizational units. However, it is also expected that
MRP systems will be used for communication between elderly and their fami-
lies/acquaintances4. This use seems likely since people who use VMC systems at
home or MVT prefer using the services to communicate with close ones [29,33].
While both of these technologies are used for such communication, both of
them have limitations. A person interacting via a VMC system has no control
over the visual field provided by the system. The mobile phone can be located
in any place and is controlled by its carrier. The carrier of the mobile phone
has to turn the mobile phone’s camera in appropriate directions when show-
ing objects to the one he is interacting with. The person who is being shown
the objects has no control over how the mobile phone is oriented and could
potentially even be turned upside down during the interaction. Naturally, such
disruptions could affect the quality of the interaction.

Among health care professionals, there is a concern that MRP systems could
lead to loss of human interaction, replacement of staff etc. The concern about
loss of human interaction can be compared with one of the outlined issues with
the Picturephone that was regarded as being impersonal. Thus, it is important
to include health care professionals in the evaluations of MRP systems for use in
elder care. In this chapter, a number of principles for mediated communication
have been outlined. In particular, the social cueing principle is relevant in this
thesis. Social cueing concerns behaviours that are visible, e.g. facial expressions
and gaze. Gaze is related to eye-contact. A smile is a facial expression. Eye-
contact and the amount of smiling are two factors in the theory of Intimacy
(see Section 2.3.5). This information is only available in real life or in video
mediated communication and can affect the quality of the interaction.

4In fact, evaluations with such users are on-going at real test sites in the ExCITE project [10].



Chapter 3

Interaction Quality Measures

In the previous chapter, the reader was introduced to MRP systems. The reader
was also given a brief overview of experiences from using VMC systems in
home settings and from using MVT. It was seen that both of them were pri-
marily used to interact with family and partners. However, both of them had
limitations which could affect the quality of interaction. In this thesis, the main
focus is on measuring the quality of interaction in MRP systems deployed in
domestic settings in elder care. The interaction enabled by a MRP system is not
just social communication between the users but also the interaction with the
mobile robot itself and a client application. Therefore, this chapter will intro-
duce the reader to different tools that capture information that is relevant when
measuring quality of interaction. These tools include presence, spatial forma-
tions and sociometry. All of them have been previously used in other domains.

3.1 Presence

The term telepresence appeared in literature in 1980 in Marvin Minsky’s dream-
ing 20-year plan for modern society. Telepresence “emphasizes the importance
of high-quality sensory feedback and suggest future instruments that will feel
and work so much like our own hands that we will not notice any significant
difference,” p. 47 [55].

In 1992, Sheridan [56] said that telepresence “means that the operator re-
ceives sufficient information about the teleoperator and the task environment,
displayed in a sufficiently natural way, that the operator feels physically present
at the remote site,” p. 6. The teleoperator “is a machine that extends a person’s
sensing and/or manipulating capability to a location remote from that person,”
p. 4. A telerobot “is an advanced form of teleoperator the behaviour of which
a human operator supervises through a computer intermediary,” p. 4 [56]. In
Sheridan’s work, he also wrote that telepresence sometimes means virtual pres-
ence. The virtual presence is experienced when a person “compels a feeling of
being present in an environment other than the one the person is actually in,”

21
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p. 6 [56]. He writes that if a technology is sufficiently good, then a person can-
not discriminate between “actual presence, telepresence and virtual presence,”
p. 6 [56].

Heeter (1992) outlined three dimensions of presence in relation to virtual
reality: (1) subjective personal presence - to which extent and for what reason
a person feels that he is in a virtual world, (2) social presence - to what extent
other beings exist in the same virtual world and (3) environmental presence -
to what extent the environment seems to acknowledge the person is there [57].
Biocca, who emphasized three dimensions of presence in 1997: (1) a physical
“being there”, (2) a social “being with another body” and (3) “is this body
really me” [58], was considering how virtual reality interfaces to embody the
user were evolving and discussed how embodiment affects the three dimensions
of presence.

Lombard and Ditton identified six conceptualizations of presence in 1997:
(1) presence as social richness, (2) presence as realism, (3) presence as trans-
portation, (4) presence as immersion, (5) presence as social actor within medium
and (6) presence as medium as social actor [59]. In their review, they empha-
sized that these conceptualizations have a central idea, the “perceptual illusion
of nonmediation” which they formally defined as presence. Presence can oc-
cur in two distinct ways: the medium becomes invisible or is transformed to
something else, a social entity [59].

Another overview of the concept of presence was presented by Sacau et al.
in 2003. Specifically, they pointed out that there is still a long way to go for
a consistent theory about presence due to the fact that researchers come from
multiple areas which have different perspectives [60].

Ijseelsteijn et al. (2000) [61] described different categories of factors be-
lieved to have an impact on presence and presented an overview of various
approaches taken to measure presence. The approaches were of both subjective
character (e.g. questionnaires) and objective character such as the monitoring of
postural adjustments or physiological changes in for example heart rate or skin
conductance. The authors stated that the most promising direction for presence
measurement is to aggregate a measure that is comprised of both subjective and
objective measures [61].

Insko’s [62] ideas are in line with Ijseelsteijn et al.’s [61]. Insko writes about
advantages and disadvantages when using three categories of methods that are
commonly used for measuring presence. These are: (1) subjective measures re-
lying on self-assessment by the user such as paper-and-pencil questionnaires,
(2) behavioural measures such as actions or manners exhibited by the person
in response to events and (3) physiological measures [62]. The most commonly
used method for measuring subjective presence is questionnaires. These typi-
cally contain questions that are to be answered on a Likert scale. Insko [62]
points out that although it is easy to administer, grade and interpret question-
naires, there is a disadvantage in that they are filled in after the experience,
post-immersion. Late occurring events might have more influence on the re-
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sponse than early events [62]. The second way of measuring presence is to
assess behaviours by observing the interaction or recorded video sessions. This
methodology removes the risk of subjective bias in the response from the users.
However, there is a risk of biased observations that cannot be neglected. The
methodology is also time consuming if the observations are based on video
recordings [62]. The third way to measure presence is to use physiological
measures, e.g. measure changes in heart rate, skin conductance and skin tem-
perature. This method has several advantages such as being more objective and
continuous. However, the physiological levels are not the same for every per-
son, and it is required to set a baseline for each participant to analyze the levels
of presence [62]. A list of more categories of methods to measure presence than
the ones listed by Insko can be found in [63].

In this thesis, a subjective assessment of presence was made. Participants
who had maneuvered a MRP system for the first time were asked to fill ques-
tionnaires post-immersion in Paper III and V. It was considered important to be
able to interpret the results and to compare the perceived presence between par-
ticipants. There is also an extensive amount of different presence questionnaires
while the other means to measure presence, assess behaviours and physiological
measures, are less defined in literature.

3.2 Subjective assessment of presence

A variety of presence dimensions has been suggested in literature. This is in
line with the explication statement of International Society for Presence Re-
search (ISPR) from 2000, “Presence is a multi-dimensional concept,” (ISPR,
para. 7 [14]). A common distinction made in literature is between social and
spatial presence dimensions.

Many of the existing presence questionnaires, e.g. Witmer and Singer’s Pres-
ence Questionnaire (PQ) [64], were originally designed for evaluating physical
presence1 in virtual reality settings. Using questionnaires developed for virtual
reality settings does not correspond well to the interaction using a MRP sys-
tem. Thus, rather than using e.g. the PQ, an effort was made to find presence
questionnaires that were designed for use in other media. Further, as video me-
diated communication can be enabled using different media (e.g. smartphones,
tablet PCs, stationary computers and MRP systems), the presence question-
naire should preferably be cross-media compatible. This was considered im-
portant since the current trend in the development of new MRP systems is
to make use of smartphones and/or tablet PCs. It can also be expected that
MRP systems will be controlled by pilot users connecting from smartphones,
tablet PCs or computers which also can have a touchscreen2. PQ is not cross-
media compatible. Four validated questionnaires that were designed for cross-

1Physical presence is equivalent to spatial presence [14].
2Also Windows 8 supports touchscreens. Apple’s magic mouse and magic trackpad are touch-

based devices used to control the computer.
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media compatibility were found. These are the ITC Sense of Presence Inventory
(ITC-SOPI) [65], the MEC Spatial Presence Questionnaire (MEC-SPQ) [66],
the Networked Minds Social Presence Inventory (Networked Minds) [67] and
the Temple Presence Inventory (TPI) [68]. However, the validation of both the
MEC-SPQ and the ITC-SOPI was performed using other media than VMC sys-
tems. The remaining cross-media compatible presence questionnaires, TPI and
Networked Minds, consider both social and spatial dimensions of presence and
were considered as being good candidates for measuring the quality of interac-
tion in MRP systems.

Both Networked Minds and TPI have previously been applied in evaluations
in the robotic domain. An example of a study making use of these question-
naires is the evaluation of the socially expressive robot, MeBot [69]. The study
compared two conditions: (1) robot’s arms moved according to the input given
from a pilot user and (2) the robot was static even though the pilot user moved
the arms. The task was a desert survival problem [70] and the participants were
told to choose six items from a total of six pairs together with the pilot user. The
pilot user agreed with the participants on the choice of two specific items but
disagreed on the choice of the other four items by using scripted arguments.
Adalgeirsson and Brezeal [69] did not find a significant effect in the partici-
pants’ perceived Co-presence (Co-presence is a dimension in the Networked
Minds [67].) between the two conditions. However, the authors noted that the
questions in the Co-presence dimension had ambiguous meanings and were
causing confusion among the participants. Adalgeirsson and Brezeal discussed
that it could be that the Co-presence dimension as it is defined in Networked
Minds was less suitable for use when evaluating robot-mediated communica-
tion rather than virtual environments. The scores in the remaining Networked
Minds dimensions and also the TPI dimension Engagement were found to be
higher in the condition where the robot’s arms moved [69].

Presence questionnaires have also been used in studies comparing differ-
ent media in collaborative situations. Bente et al. [71] compared face-to-face
interactions, phone, chat and avatar-based net-communications. The results in-
dicate that there are distinct response patterns for the different forms of media
concerning social presence as well as interpersonal trust. The authors used two
questionnaires: (1) a modified version of Networked Minds [67] with an added
section about perceived closeness and (2) questions to differentiate cognitively-
based trust and affectively-based trust as described in [72]. The avatar-based
interaction did not stimulate the Social presence in a better way than phone
or chat interactions other than for the dimension Co-presence where the effect
was almost zero. The authors recommend inclusion of measurements of gaze
direction and nonverbal activity and found that there are strong behavioural
similarities between avatar-based communications and face-to-face interactions
regarding these measurements [71]. Also Hauber et al. [73] compared the per-
ceived social presence in a study including three conditions: (1) desktop 2D
video conferencing, (2) desktop 3D video conferencing and (3) face-to-face
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communication. They found that the social presence was highest in the face-
to-face condition. The 3D condition resulted in a higher social presence than
the 2D condition [73]. Measures of presence have also been used when eval-
uating systems with partial autonomy. Using PQ to measure presence, it was
found that the user satisfaction was higher for a system with assisted control
when compared to a system lacking assisted control [74].

Several other experimental evaluations using the concept of presence have
also been conducted in the context of MRP systems. Nakanishi et al. used a
self-designed questionnaire to measure social presence [75,76]. The users’ abil-
ity to move the camera forward and backward was found to have a significant
effect on social presence when comparing movement of robots using five dif-
ferent conditions: fixed, rotatable, movable but non-rotatable, movable and
automatic moving in [75]. The perceived social presence was higher when the
robot moved. It was also higher in the condition where the user had control
than in the condition where the robot moved automatically. A smaller experi-
ment comparing sliding motions to the sides had similar effects on social pres-
ence [75]. In a follow up study [76], the authors compared the perceived social
presence when a remote person presented books to participants while: (1) mov-
ing with or without synchronization with the camera zooming and (2) moving
with or without synchronization with a display moving. They found that the
participants perceived a higher social presence when the presenter moved in the
condition where the camera could zoom irrespective of whether it zoomed in
synchronization with the movements of the person or not. However, the ability
to zoom was found to reduce the perceived audio and video quality. The per-
ceived social presence was higher when the display moved [76]. Therefore, it
seems reasonable that the perceived social presence can vary also depending on
how a person controlling a MRP system is positioning the device.

The presence questionnaire used in this thesis is based on the Networked
Minds [67, 77] and the TPI [68, 78] questionnaires. As previously discussed,
they were designed to be cross-media compatible rather than for evaluations
in virtual reality settings. They have previously been applied when evaluating
a socially expressive robot (MeBot) [69] from a local user’s perspective. Net-
worked Minds has also previously been used to compare different media in
collaborative situations, e.g. [71, 73]. Hence, Networked Minds and TPI and
were considered to be a good basis when measuring social and spatial presence
in MRP systems.

3.2.1 Social presence

The Social presence theory was originally defined as the “degree of salience of
the other person in a mediated communication and the consequent salience of
their interpersonal interactions,” p. 65 [48]. Short et al. (1976) [48] defined
the social presence theory in relation to different technologies and argued that
they differ in the extent that they convey the respective goals, attitudes and
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motives of the people interacting. Comparing different media, they found that
social presence was highest in face-to-face interaction followed by voice/video,
multispeaker audio, telephone and business letters [48]. Short et al.’s question-
naire used a semantic differential technique [79] and consisted of 24 bipolar
questions. A medium with a high social presence is warm, personal, sensitive
and sociable rather than cold, impersonal, insensitive and unsociable [48]. The
social presence theory is one of two major theories on social cueing described
in Section 2.3.3. Short et al. [48] argued that social presence should be a factor
in Argyle and Dean’s theory of Intimacy, previously described in Section 2.3.5.

ISPR has stated that social presence occurs “when part or all of a per-
son’s perception fails to accurately acknowledge the role of technology that
makes it appear that s/he is communicating with one or more other people
or entities,” (ISPR, para. 7e [14] and [80]). Social presence is in itself multi-
dimensional. Several dimensions regarding social presence are found in the Net-
worked Minds and the TPI questionnaires. They are defined below.

Social presence - actor w/i medium (parasocial interaction) - TPI is to what
extent “the media personality is incorrectly perceived as a social actor”, p.
2 [78].

Social presence passive interpersonal - TPI regards how well the user can
perceive facial expressions, tone of voice, style of dress and body language.

Social presence active interpersonal - TPI is concerned with how often the
user made sounds out loud, smiled in response to what they saw/heard and
how often they wanted to (or did) speak to the person they saw in a media
environment.

Engagement (mental immersion) - TPI is “to what extent the user’s senses are
extended in to the mediated environment and how natural these extensions are
when the senses are employed,” p. 2 [78].

Social richness - TPI is “to what extent a medium is perceived as sociable,
warm, sensitive, personal or intimate when it is used to interact with other
people,” p. 2 [78].

Social realism - TPI is “the extent to which a media portrayal is plausible or
‘true to life’ in that it reflects events that do or could occur in the nonmediated
world”, p. 2 [78].
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Co-presence - Networked Minds is “the degree to which the users feel as if
they are together in the same space,” p. 6 [77]. As discussed in Section 3.2,
Adalgeirsson and Brezeal questioned the dimension’s applicability for robot-
mediated communication [69].

Psycho-behavioural interaction - Networked Minds is the sense of interaction
triggered by “being together”. It regards three dimensions of perceived psycho-
logical engagement (attentional engagement, emotional contagion, comprehen-
sion) and perceived behavioural interdependence. The attentional engagement
seeks to measure “the degree to which the users report attention to the other
and the degree to which they perceive the other’s level of attention towards
them,” p. 10 [77]. The Emotional contagion concerns the degree to which the
user’s mental state can affect the other and whether the other’s mental state can
affect the user’s mental state. Comprehension regards the degree to which the
user and the other understand the respective intentions, thoughts etc. The Per-
ceived behavioural interdependence is the degree to which actions of the user is
dependent of the other and vice versa.

Three dimensions in the TPI questionnaire have not been considered further
in this thesis. These are “Social presence - actor w/i medium (parasocial inter-
action)”, “Social presence - active interpersonal” and “Social realism”. These
dimensions were excluded due to being considered less appropriate when eval-
uating interaction through a MRP system. All of them relate to situations that
do not involve communication between people, e.g. watching a movie.

3.2.2 Spatial presence

Spatial presence occurs ”when part or all of a person’s perception fails to accu-
rately acknowledge the role of technology that makes it appear that the person
is in a physical location or environment different from her/his actual location
and environment in the physical world,” (para. 7a [14]).

In mobile robotic telepresence, it is important to give pilot users enough
feedback from the system in order for the person to feel that he can act within
the environment. Here audio, video and haptics can aid as spatial cues. Two
dimensions conceptualizing spatial presence as it is defined in [14] are found in
the TPI. The dimensions are called spatial presence and perceptual realism. A
short description of each dimension is found below.

Spatial presence - TPI or presence as transportation captures the sense of
presence in which users feel that they or other objects, people, or environments
have been transported [78].
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Perceptual realism - TPI “concerns the degree to which a medium can pro-
duce seemingly accurate representations of objects, events, and people - repre-
sentations that look, sound, and/or smell like the ‘real’ thing,” p. 2 [78].

In this thesis, the “Perceptual realism” dimension was divided into two sep-
arate dimensions, Object realism and Person realism. Instead of asking e.g. “to
what extent objects and people they saw sounded like they would in reality”,
two separate questions were asked - one for the objects and one for the people.
Further, a question which related to how it felt to touch objects (or people) was
excluded as they cannot be touched via a MRP system. For the same reason, a
question about temperature was also excluded. The questions included in the
“Object realism” and “Person realism” dimensions can be found in Appendix B
and D.

3.3 Spatial configurations in interaction

Insko suggested that a category of methods to measure presence was behaviour-
al measures such as observing actions or manners [62] (see also Section 3.1).
The spatial configuration between a pilot user embodied in a MRP system and
a local user can be adjusted both in terms of how they spatially orient them-
selves with respect to each other and in terms of distance between the robotic
device and the local user. Thus, the spatial configuration between two peo-
ple communicating via a MRP system can vary to a further extent than dur-
ing communication via a VMC system. In human-human interaction (HHI),
Hall’s interpersonal distances (Proxemics) and Kendon’s F-Formation System
are two theories showing that how we spatially relate to each other affects the
interaction between us. Both of these theories can be used when measuring be-
haviours. While communication over a medium is known to be different from
communication in real life, there are a number of studies applying Proxemics
and F-formations in the HRI domain.

3.3.1 Hall’s Interpersonal Distances - Proxemics

Proxemics was introduced by Edward T. Hall in 1966, about the same time
as Argyle and Dean introduced their theory on Intimacy (see Section 2.3.5
and [51]). Proxemics is “the interrelated observations and theories of man’s use
of space as a specialized elaboration of culture”, p. 1 [81]. Hall speaks about
how interpersonal distances will affect how two people interacting can influ-
ence each other. He divides the interpersonal distances into four main classes:
(1) intimate, (2) personal, (3) social and (4) public. Hall (similarly to Argyle and
Dean) warned for making generalizations across cultures and different sorts of
situations. The main classes for interpersonal distances can be described as:

Intimate distance ranges from 0 to ≈ 46 cm (0 to 18 inches). This is the typical
distance kept when comforting others, e.g. when hugging.
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Personal distance ranges from ≈ 46 cm to ≈ 122 cm (18 inches to 4 feet). This
distance is typical during interaction with good friends and family mem-
bers. Hall uses the length of an arm as a reference. The people interacting
may still touch each other by stretching their arms but have an increased
field of view when interacting.

Social distance ranges from ≈ 1.22 m to ≈ 3.66 m (4 feet to 12 feet). This is
the distance we typically keep when interacting with e.g. acquaintances.
The interaction is more formal than between friends and family.

Public distance exceeds ≈ 3.66 m (more than 12 feet). This distance is used for
public speech. At this distance, it is not possible to pick up nuances in the
tone of voice and facial expressions. Therefore, some of the means with
which to interact are lost.

A suggested empirical framework for human-robot proxemics is presented
in [82]. The paper first reviews findings from other areas that are relevant for
the human-robot proxemics and presents findings from a series of HRI tri-
als run in 2006. The robot was allowed to come closer in conditions con-
taining physical interaction than in verbal or no interaction conditions [83].
The participants wanted to keep a longer distance to humanoid robots than
to mechanical robots but the preferred distance did not vary depending on the
robot’s height [84]. However, there were relations between preferences of robot
attributes and comfortable distances. The ones preferring humanoid robots
and/or tall robots allowed all types of robots to come closer [85]. Walters et
al. [82] found that the preferred distances to the robot PeopleBot3 [86] was in
between 49 and 71 cm in all trial conditions. These distances correspond well
with Hall’s personal distance. Walters et al. [82] presented a model of how fac-
tors such as robot appearance, preferences, interaction context and situation
affected the preferred approach distances. To exemplify, starting out from a
base distance of 57 cm, a person preferring humanoid robots (factor -3) would
feel comfortable at 54 cm while a person preferring mechanical robots (fac-
tor +3) would feel comfortable at 60 cm if no other factors such as height or
context is considered [82]. Also other researchers have investigated the role of
proxemics in HRI. For example, Pacchierotti et al. [87] investigated the effects
of different passing strategies when a PeopleBot and a person met in a corridor
(width = 2.5 m) at a distance of either 0.2 m, 0.3 m or 0.4 m. The participants
felt more comfortable when passed at a larger distance. The results indicate that
they preferred having the robot pass outside of their intimate space. However,
the participants also felt that large maneuvers of the robot were uncomfort-
able and unnatural [87]. It is worth noting that the results of these studies do
not corroborate with Hüttenrauch et al.’s study [88] (further described in Sec-
tion 3.3.2) in which all participants broke the safety breach distance (50 cm)

3The height of the PeopleBot is ≈ 125 cm.
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and stood very close to the wheels of a PeopleBot. Gockley et al. [89] used a
tall robot (height = 6 feet ≈ 183 cm) and investigated how robots should fol-
low people in an appropriate manner. They compared two conditions in which
a robot equipped with a graphical expressive face on a LCD screen either (1)
followed the person as a human would (e.g. cutting corners) or (2) followed the
person’s path exactly. The participants considered the first condition to be more
natural and human-like. They further said that this behaviour was the closest
to their expectations of the robot. The authors also investigated if the chosen
distance was considered appropriate (120 cm when following and 90 cm in sit-
uations when the person stopped). The participants thought the robot stayed
a little too far away while following but that the kept distance when stopping
was appropriate [89]. This distance falls within Hall’s personal distance.

3.3.2 Kendon’s F-formations

The added mobility of MRP systems when compared to traditional VMC sys-
tems allows the pilot user to move the robotic device around in the local user’s
environment. However this also poses a risk that the pilot user may orient the
device in odd directions with respect to the local user. Therefore, it was con-
sidered important to consider spatial formations when measuring the quality
of interaction in a MRP system. Adam Kendon’s F-formation system is a well
known theory on spatial relationships. It is based on observations and Kendon
distinguished three different F-formations [90]; (1) Vis-a-vis, (2) L-shape and
(3) Side-by side, all depicted in Fig. 3.1. Kendon studies spatial relations oc-
curring when two or more people engage in an interaction and claims that “a
behaviour of any sort occurs in a three-dimensional world and any activity
whatever requires space of some sort”, p. 1 [91]. He further says that the space
must have physical properties so that it can be differentiated from other spaces.
How people orient and space themselves to one another reflects how they may
be involved with each other according to Kendon. The shared space created
by the F-formation is called the O-space. It is the overlap of the transactional
segments to which two ore more people direct their attention and manipulate
objects [90, 92]. The spatial arrangement between two people tends to be L-
shaped when the topic of discussion is disembodied [91].

The F-formations can reflect choices and changes of spatial configurations
in space in HHI. How a pilot user of a MRP system perceives the robot’s en-
vironment is different when compared to what he can see when interacting via
a VMC system or when being in the location of the robot. How the pilot user
perceives the environment depends on the robot’s characteristics, e.g. the height
and the robot’s camera lens. The pilot user of the Giraff MRP system observes
the robot’s environment through a wide-angle lens. While this provides the pi-
lot user with information about the robot’s environment, the view is wider than
the one of a human. It is of interest to understand how the F-formation system
can be applied on interaction through a MRP system and whether the charac-
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1 2 3

Figure 3.1: The different F-formations distinguished by Kendon [90]. 1. Vis-a-vis, 2.
L-shape and 3. Side-by-side. The dotted ovals denote the O-space.

teristics of the robot can alternate the spatial formations that naturally occur in
HHI. Spatial configurations between the Giraff and the local user were studied
in Paper III-V.

Environmental constraints

Environmental features, e.g. walls, may influence what spatial formations that
occur. They can further limit and constrain opportunities for some shared activ-
ities while encouraging others according to Marshall et al. [92]. They report on
an ethnographic study conducted at a tourist information center. They found
that groups of visitors that were larger than two rarely discussed options with
each other or with the counter staff. The main reason seemed to be spatial
constraints. For groups larger than two, it was found difficult to see the same
document and to approach the counter at the same time. If more than one adult
approached the counter, at least one of them would be left out of focus during
the interaction [92]. Also Kendon discusses how structures in the environment
partly constrain the occurring spatial formations, examples include barriers,
furniture and passages [91].

Yamashita et al. [93] demonstrated that seating arrangements exert an im-
portant influence on video mediated communication in group discussions. Typ-
ically, people at distant locations sit across each other facing the distant parties
and co-located people sit side-by-side. In Yamashita et al.’s study, this seating
arrangement was compared with one where co-located people sat opposite to
each other. Placing a screen beside a co-worker had previously required the
participants to orient their bodies towards the screen or the co-worker. The
new seating arrangement resulted in a higher correlation of opinions between
the participants separated by distance [93]. Yamashita et al. explained the find-
ing by the fact that people are generally more easily convinced by others when
directional cues are conveyed properly [94].

The pilot user of a MRP system is affected by environmental constraints.
The layout of the environment including narrow passages, door frames and
furniture can influence how a pilot user orients the robot with respect to the
person he is interacting with. The conducted experiments presented in Paper III
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and V followed semi-scripted scenarios in which the participants manuvering
the Giraff had to consider the layout of the environment.

Embodied facilitation

A system offers structures and rules, both physically and procedurally, and
can implicitly direct user behaviour by facilitating some actions while prohibit-
ing/hindering others [95]. Thus, the system used for embodied interaction may
influence the behaviour patterns and the emerging spatial configurations. Hor-
necker [95] outlines three concepts to further refine the embodied facilitation:
(1) embodied constraints, (2) multiple access points and (3) tailored represen-
tations. Embodied constraints restrict what people can do. They “refer to the
physical system set-up or configuration of space and objects. They can ease
some types of activity and limit what people can (easily) do”, p. 27 [95]. Em-
bodied constraints can implicitly suggest the interaction trajectory. A system
can also suggest people to act in a certain way, e.g. require people to work
collectively [95]. In particular, the embodied constraints come in to place when
interacting via a MRP system.

A MRP system gives the pilot user who is embodied in the robot a physical
representation in a space in which the pilot user interacts with other people.
However, a MRP system is lacking many of the features that we as human be-
ings can normally use when interacting. Turning a MRP system around requires
a larger effort than turning the body around in HHI. The MRP system can not
lean, sit or stand. Typically, the pilot user of a MRP system has less access to
the local environment than the local user has. To exemplify, the pilot user can
not manipulate objects. Thus, the embodied constraints of a MRP system affect
how the pilot user is likely to behave and also the likelihood for the occurrence
of different F-formations.

Related work in HRI

The number of studies making use of F-formations in HRI is low but in-
clude [88, 96, 97]. Kuzuoka et al. [96] examined how a guiding robot could
reconfigure the F-formation arrangements during a presentation. In particular,
they investigated how reconfigurations of F-formation arrangements occurred
as an effect of a guiding robot following a predefined trajectory at a museum4.
The experiment had three conditions in which the robot rotated: (1) its head,
(2) its upper body and (3) the whole body to guide the listeners when talking
about exhibits. It was found that the robot’s most effective means to reconfigure
the F-formation was to rotate the whole body. It was also found that the partic-
ipants did not reconfigure when the robot rotated the head suggesting that this
form of rotation is appropriate when the guiding robot wants to draw attention
to certain targets [96]. The results are corresponding well with Kendon’s claim

4The setting for the experiment was a 3.5 m x 3.5 m area in a laboratory.
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that the orientation of the lower body is to be used to determine whether or
not an O-space is maintained in an interaction [90].

Yamaoka et al. [97] developed a model for how a robot should appropri-
ately adjust its position when presenting information to a user5. They used a
humanoid robot called Robovie [98] in the experiment and found that robots
that were constrained to an O-space were perceived as being more comfortable
than robots being close either to the listener or to the object that the robot was
describing. The authors discuss the importance of the field of view for both
the presenter and the listener. For example, the robot sometimes hid the object
for the listener when being near the listener or the object in the experiment. It
was easier for both the listener and the presenter to understand and explain,
when both the object and the other were in the field of view (in the O-space).
A limitation of this study is the robot size, Robovie is much smaller than most
humans [98].

Hüttenrauch et al. [88] studied spatial management between a robot and a
human in real home settings. The participants were instructed to guide a visit-
ing PeopleBot around their homes. They were told to teach the robot rooms,
locations and objects. The study revealed that there were two ways of showing
objects: (1) “park and show” and (2) “optimize and show”. In the park and
show, the robot was stopped and shown objects that the participant fetched.
Typically, the participants returned and showed the objects from the same dis-
tance and orientation in a vis-a-vis formation. In the optimize and show, the
participants carefully guided the robot to a certain location before stepping be-
hind the robot and labeling the object. Most objects were shown in a vis-a-vis
formation but workspace locations were shown in an L-shape. The partici-
pants stood closer to the robot when showing objects (≈85 to 105 cm) than
when showing locations (≈95 to 110 cm). When passing narrow passages, the
participants walked ahead of the robot at an average distance of 154 cm while
mostly keeping a vis-a-vis formation. It was also found that there are numerous
passages in real homes, not only the envisaged door frames but also corridors
and passages narrowed by furniture. In the study, the measure for a safety
breach (distance where the robot would stop) was less than 50 cm. The safety
breach was broken by participants in all homes. None of them seemed to hesi-
tate to approach the robot that closely [88].

Not all possible spatial formations are found in the F-formation system, e.g.
the “optimize and show” formation. The preferred distances when showing lo-
cations and objects are in the far range of Hall’s personal distance and also in
the same range as the ones found in [82, 87, 89]. The distance kept in narrow
passages was in the lower range of social distance. The formation that occurred
in the narrow passage shows that one can also distinguish another spatial for-
mation in which the robot follows the user in HRI. Hüttenrauch et al. call this
spatial formation follow [88].

5The experiment took place in a lab environment, in a 3 m x 3 m area.
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The setting for Hüttenrauch et al.’s study [88] is similar to the one imagined
for the Giraff robot. The elderly local users may wish to show the pilot users
different objects or locations when communicating via Giraff. Also in these
homes, there will be narrow passages that the robot will have to pass. Therefore
additional spatial formations are needed to describe the interaction between
local users and pilot users.

In the outlined material, research on which spatial formations that typically
occur and which spatial formations that are preferred by the local users when
interacting via a MRP system is missing. Missing are also studies on how the
quality of interaction with others is affected by the use of different spatial for-
mations while interacting via a MRP system. Therefore, F-formations and other
spatial formations were studied in Paper III-V.

3.4 Sociometry

Sociometry is an objective and quantitative method to measure social relation-
ships and originates in the Latin “socius” (social) and “metrum” (measure). It
was developed by a psychotherapist, Jacob L. Moreno. He mounted the term
at a presentation already in 1933 but not in written form until 1953 when he
defined sociometry as “the mathematical study of psychological properties of
populations, the experimental technique of and the results obtained by appli-
cation of quantitative methods,” p. 15-16 [99]. From being an objective and
quantitative method that measures social relationships through mathematics
follows that it can be assessed automatically. Sociometry has similarities with
the physiological measures that Insko [62] pointed out as a category to measure
presence. They are both objective and continuous. A means that can be used for
performing an automatic assessment of social relationships is the sociometric
badge from Sociometric Solutions [100], a spin off company from the MIT Me-
dia Laboratory. The badges are smaller and lighter than an iPhone (see Fig. 3.2
and 3.3) and worn around the neck. The badges include a 3D accelerometer,
two microphones, a bi-directional infrared transceiver and bluetooth. They can
sample e.g. locations and postures in 3D but also speech features continuously
for around 40 hours between recharging their batteries. The data stored in
a badge can be automatically analyzed through available computer software
(Sociometric Datalab). The sociometric badges have been used in areas such
as executive training [101], health care [102], management [103–105], orga-
nizational design and engineering [106, 107], real-time feedback [108, 109],
science [110] and for comparisons of media for videoconferencing [13]. There
is also a reference paper presenting the development of the sociometric badges
and how they have been used to measure different metrics [111].

Sirkin et al. [13] studied what effect mobility had on the sociometric data
collected using sociometric badges. They designed a study in which they com-
pared the level of activity, perceived excitement of the speakers, level of at-
tentiveness and engagement and amount of turns per second in video mediated
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Figure 3.2: The sociometric badge from Sociometric solutions, front view.

communication during interaction in different conditions. The remotely located
person interacted with a group of local users via either a display with fixed ori-
entation or a turn-able display. The authors found that all studied measures
were higher in the condition with a turn-able display. However, the turn-able
display was also found to have a trade-off. The local users who were turned
away from felt excluded from the interaction. An important result of the study
is that the measures of behaviour (e.g. sociometrics) are more demonstrative
than the results that can be achieved through a subjective questionnaire. Some
participants reported that they did not notice that the display turned while the
behavioural measures indicated that they reacted to it [13].

Activity, engagement, emphasis and mirroring, four measures that could
serve as predictive signals, were constructed in 2004 by Alex Pentland [112].
The activity is the fraction of time that a person is speaking [108, 113]. It can
also be assessed by the number of turns per second [13]. How engaging an
interaction is can be estimated by the number of overlaps or silent sequences
during the interaction. Talking over each other is a sign of high engagement.
Long pauses is a sign of low engagement [113]. Curhan and Pentland defined
emphasis as the variation in speech prosody (volume and pitch) where a more
dynamic voice had a higher emphasis score [113]. High speech energy (sum of
absolute values of the amplitude over time) is an approximation of the excite-
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Figure 3.3: The sociometric badge from Sociometric solutions, side view.

ment in the interaction [114]. Mirroring is “the occurrence of short back-and-
forth exchanges (i.e., reciprocated short utterances)”, p. 804 [113]. The level of
mirroring in an interaction can influence the smoothness and mutual liking. It
is higher when there are many short interjections such as “oh” or “ok” [115].

For each of the two microphones on the sociometric badge, it is possible to
sample speech amplitude (absolute value on a scale -1 to 1 representing around
∼32.8k positive and ∼32.8k negative values). By running automatized scripts
from within “Sociometric Datalab”, it is possible to calculate whether a carrier
of a badge is speaking, listening or overlapping the speech by another carrier of
a badge at any time t. The computer software also allows for analysis of turn-
takings, length of speech segments and length of silent segments. The output
data can be used to assess different speech features that are associated with the
different predictive signals constructed by Alex Pentland.

Speech energy The sum of the absolute speech signal’s amplitude over a time
period is an approximation of the excitement [114].

Number of turns per second The amount of turns over the time period is an
approximation of activity [13]. The requirements to detect a turn can be
set in the software.

Speaking time The fraction of time that a person is speaking is an approxima-
tion of activity [108,113].

Speech segment length The total amount of speech segments and their max-
imum length, minimum length, average length, standard deviation and
number of segments of length one, two, three, four, five, six, and longer
than six. Many short speech segments is a sign of a higher level of mir-
roring. Mirroring can influence the smoothness in the interaction [115].

Silent segment length Same type of data as for ’speech segment length’. Long
pauses is a sign of low engagement [113].



3.5. SUMMARY 37

Overlap Number of seconds when people overlap each other. Talking over each
other is a sign of high engagement [113].

3.5 Summary

The chapter has outlined different theories that can be used when measuring
the quality of interaction in MRP systems. Insko pointed out three different
categories of methods that are commonly used to measure presence. These in-
clude subjective questionnaires, subjective assessment of behaviours and objec-
tive physiological measures [62]. Insko also pointed out that there are advan-
tages and disadvantages with each of these methods. Ijsellsteijn et al. suggested
that a promising direction to measure presence is to aggregate a measure com-
prised by both subjective and objective measures [61]. Accordingly, it could be
assumed that the quality of interaction in MRP systems should be measured by
using a combination of different tools. Having in mind that MRP systems are
mobile by nature, these tools should measure both social and spatial aspects
of the interaction. In the assessment of quality of interaction in MRP systems,
the following tools have been further considered: (1) social and spatial pres-
ence using the Networked Minds and TPI questionnaires (subjective measure),
(2) observations of spatial configurations in between the pilot user and a local
user (subjective behaviour assessment) and (3) sociometry (objective measure).
While only one of these tools is actually measuring presence, all tools seem rel-
evant for measuring the quality of interaction in a MRP system. Observations
of spatial configurations were made in Paper III-V. A subjective assessment of
the perceived social and spatial presence was made via questionnaires in Paper
III and V. Sociometric data was collected in Paper V. The data collected by the
different tools during the conducted experiments presented in Paper III and V
were analyzed both in isolation and as an aggregated measure in which the
particular focus was to search for correlations between the different measures.
The results indicate that quality of interaction in MRP systems is an aggregated
measure comprised of both objective and subjective measures.





Chapter 4

Experimental Evaluations of

MRP systems

The work in this thesis evaluates the MRP system Giraff in domestic settings in
elder care. Two groups of users are considered, the elderly and health care pro-
fessionals. The elderly are expected to use MRP systems to interact with health
care professionals, e.g. alarm operators, occupational therapists and nurses.
While, this thesis focuses on measuring the quality of interaction in MRP sys-
tems using the tools presence, spatial formations and sociometry, a considerable
effort has been made in the design of experiments. This chapter outlines the dif-
ferent experimental scenarios which have been presented in the papers. First,
the chapter describes the importance of conducting experiments especially from
an organizational perspective. We know from the literature that based on their
previous work processes and work tools, the different groups of health care
professionals can have different attitudes and expectations with respect to us-
ing a robotic device in care of people [116]. This chapter describes the use of
a video-based evaluation that enables the collection of data regarding initial
expectations from a wide range of health care professionals. Then, the chap-
ter outlines the design of the three different studies that have been conducted
with focus on measuring interaction quality in MRP systems. In these stud-
ies, alarm operators and health care professionals maneuvered a MRP system
and communicated with a researcher following a scripted scenario while being
filmed. Details on the experimental set-up and data collection are outlined here.
It was also necessary to verify whether the way in which pilot users oriented
the robotic device was supporting good social communication from both per-
spectives. Section 4.4 in this chapter describes an experimental study reported
on in paper IV where focus is put on the elderly people’s perspective. During
the thesis work, useful insights were obtained regarding how to conduct exper-
iments with MRP systems. This chapter summarizes the various experimental
designs presented in the collection of papers.

39
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4.1 The importance of an organizational perspective

The expected pilot users of MRP systems deployed in domestic settings in elder
care encompass a wide range of formal and informal caregivers. The formal
caregivers include e.g. alarm operators, audiologists, nurses and occupational
therapists while the informal caregivers include families and acquaintances.
Formal caregivers may have different opinions about a system depending on
their previous work processes and tools. Nurses are typically involved in nurs-
ing tasks provided in person. Occupational therapists help the elderly to recover
from and cope with the new living conditions after e.g. a stroke. Audiologists
perform hearing deficiency evaluations but also plan, realize and evaluate hear-
ing rehabilitation. These social contacts are of a different nature than the one
of a family member who may be more focused on social interaction and gen-
eral well being. As such, a MRP system may have a different impact on work
processes and ways of communicating for different categories of users. While
some may see benefits and opportunities in using a MRP system, others may
see obstacles and feel threatened by the robot. Users from different professions
may also have different demands on the system and these demands need to be
investigated.

Users from different organizational units may perceive a system in differ-
ent ways. One long-term study evaluated the use of autonomous service robots
at a women’s hospital in the USA from an organizational perspective [116].
The robot changed work flows in different ways for different organizational
units. While housekeepers did not have to walk around the hospital to leave
clean sheets and pick up dirty ones, users at medical units described the same
change as that the robots created more work for them. This is in line with what
Grudin has said. He pointed out that many computer-supported cooperative
work (CSCW) applications will directly benefit certain users while requiring
additional work from others [117]. At the women’s hospital, the change was
a benefit for the housekeepers but the change required additional work from
the staff at the units. There were also differences in how the post-partum and
medical units at the women’s hospital accepted the robots. The only organiza-
tional difference between the units was the type of medical service provided.
The medical units were heavily trafficked and often obstacles, e.g. beds and
wheelchairs, were put in the hallways causing the robot to collide with them.
At such units, the robot was perceived to interrupt the staff in their work tasks.
The post-partum units had high interruptibility and could pay attention to the
robot [116].

Other systems have been introduced without a proper understanding of the
work flow in the organization. For example, Bjørn and Balka [118] reported on
a computerized system to aid triage that was implemented with support from
the staff in a children emergency department in Canada. The system was with-
drawn again after 18 months of use. As pointed out by Orlikowsky, “Tech-
nology per se can’t increase or decrease the productivity of workers’ perfor-
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mance, only use of it can,” p. 425 [119]. In other words, social practices and
institutional contexts may influence the use of technologies in practise. Malone
suggests that we need to pay attention to how to design computer systems in
such a way that they fit naturally into human organizations and have desirable
impacts in the first place [120].

When evaluating a product, one of the important methods is usability test-
ing which is “a process that employs people as testing participants who are
representative of the target audience to evaluate the degree to which a product
meets specific usability criteria,” p. 21 [121]. A common approach when new
technologies arrive in telecare is to conduct extensive end-user evaluations to
assess the attitudes of elderly and/or caregivers. Examples of studies that assess
caregivers’ attitudes to new technologies being implemented or suggested for
the future include [122–127]. The studies reveal that attitudes change during
the implementation process and that there is an unawareness of existing new
technologies.

Therefore, four studies have been conducted aiming at understanding the
organizations that are expected to use MRP systems deployed in domestic set-
tings in elder care. Paper II addresses how representatives of the different orga-
nizational units perceived the concept of MRP systems when introduced to it
using a short video clip in study 1. Paper III and V present results from study
2 and 5 in which alarm operators and health care professionals maneuvered a
MRP system for the first time. A summary of all studies is found in Table 4.1.

Table 4.1: Summary of the five studies and related papers.
Study Paper Participants Evaluation method
1 II Teachers and students in

audiology, nursing and oc-
cupational therapy

Video-based evaluation of or-
ganizational attitudes.

2 III Alarm operators Maneuvering Giraff following
a scripted scenario. Measuring
quality of interaction.

3 - Alarm operators Maneuvering Giraff following
a scripted scenario. Measuring
quality of interaction.

4 IV Elderly Interacting with a pilot user
following a scripted scenario.
Retrospective interviews.

5 V Health care professionals Maneuvering Giraff following
a scripted scenario. Measuring
quality of interaction.
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4.2 Evaluating organizational attitudes towards

MRP systems

It was considered necessary to conduct an experiment in order to understand
how attitudes towards MRP systems are affected by the knowledge that comes
with experience, different previous work processes, age and previous use of
other VMC systems. Study 1, presented in Paper II, addresses how represen-
tatives of different organizational units perceived a Giraff prototype when in-
troduced to it. The study compares the initial perception among students in
audiology, nursing and occupational therapy with the perception among teach-
ers in the corresponding subjects. To introduce the participants to the concept
of MRP systems, the participants saw a short video clip1 in which an elderly
person (actor) spoke to a health care professional via the Giraff.

4.2.1 Video-based evaluations

While live HRI studies would be preferable even in the process of prototyping,
they are time consuming and difficult to replicate. The number of participants
in such evaluations is also typically low.

Video has long been used as a valid medium for visualizing, prototyping
and user testing in a wide range of products [128]. Woods et al. [129] found
that people’s attitudes differ depending on from which direction they are ap-
proached by a robot. The attitudes were broadly equivalent for both live and
video-based HRI. This suggests that HRI studies could use videotaped scenarios
as opposed to live interactions for new exploratory studies [129]. Video-based
evaluations provide a complementary methodology that studies many partici-
pants simultaneously [130]. The methodology has several advantages for HRI,
they can be used to: (1) reach larger numbers of participants, (2) easily incor-
porate participants’ ideas and views into later video-based evaluations (or pro-
totypes), (3) carry out trials in which groups of participants are exposed simul-
taneously, (4) prototype proposed live trial scenarios to test assumptions and
avoid wasted effort. It also (5) allows greater control for standardized method-
ologies (the same scenario for all participants) [130]. A video-based evaluation
methodology was also used in e.g. [131,132].

Chatley et al. [133] evaluated the use of a theatre to facilitate feedback
from possible user audiences. The authors showed that using a theatrical pre-
sentation in which an actor interacted with robots in different scenarios could
effectively lead to discussions. The evaluation of the theatrical methodology
was conducted with a small audience and required a reorganization of the the-
atric setting. The discussion was mainly between a facilitator and members of
an audience rather than between members of the audience. The authors say
that “theatre is not a perfect medium for dispersing information to a wider

1“Hello Pat”, available online at: http://vimeo.com/42391813.
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audience, but it does give a relatively high level of interaction and feedback
compared to other HRI user study methods,” p. 77 [133].

The video-based evaluation methodology was used in study 1, presented in
Paper II. The paper presents the results of five different video-based evaluations
that were conducted at the School of Health and Medical Sciences, Örebro Uni-
versity, Sweden. Study 1 involved 150 participants of different backgrounds.
There were three groups of students from the audiologist, nursing and occupa-
tional therapy programs. There were also two groups of teachers who regularly
met in collegial forums. Thus, study 1 collected input on the Giraff from partic-
ipants with varying age, previous work processes and professions. Although it
could be argued that a total of 150 participants is not representative for the or-
ganizational units that the participants represented, the number was considered
as being sufficiently large for use in the subsequent studies 2 and 5 of quality
of interaction. Further information about the study is presented in Section 5.2.

To successfully conduct a live experimental evaluation using the same con-
ditions as the ones in the video clip with 150 participants was considered un-
realistic for several reasons. Not only is it difficult for any two people, and
even more so for a pilot user and a local user to repeat exactly the same con-
versation 150 times. The fact that a characteristic feature of a MRP system is
that the people who are using it to communicate can move around while in-
teracting makes it even more difficult to repeat exactly the same conversation.
Further, the prototypes of the Giraff robot that were available when study 1
was conducted were not robust enough for such a large scale experiment that
150 participants encompasses.

4.3 Measuring the quality of interaction in MRP

systems

In total, three studies (2,3 and 5) with pilot users maneuvering the Giraff for
the first time have been conducted. The studies occurred at different occasions
and with participants representing different organizational units. The process of
measuring the quality of interaction has been iteratively developed by drawing
from experiences from the previous studies. To exemplify, the response scales
for some of the questions in the questionnaires have been modified due to ob-
served difficulties in responding to the particular questions. Study 2 served to
validate the use of the presence questionnaire and Kendon F-formations when
evaluating MRP systems. The sociometric measures were not addressed prior
to Study 5. Only study 2 and 5 have resulted in papers. However, the results of
study 3 also stress the need to use correct work tools when performing evalua-
tions. Therefore, brief information about study 3 is also reported.

Study 2 Paper III presents the results from study 2. The participants were 21
alarm operators who works at a company that responds to a majority of the
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security alarm calls from elderly across Sweden. Traditionally, they respond to
alarms by talking to the elderly using a service similar to a speaker phone that
is placed in their homes. While this service is well working, the alarm operators
lack a means to visualize the elderly people’s situation. For this reason, the
deployment of a Giraff could potentially offer not only the ability to “walk
around” in the elderly people’s homes but also to visualize possible emergency
situations.

The Giraff used in study 2 was located in a classroom sized smart home
environment (PEIS2, see Fig. 4.1) at AASS (Center for Applied Autonomous
Sensor Systems), a research center at Örebro University, Sweden. This location
was chosen in order to simulate a close to real experience of using Giraff in
domestic settings. The set-up was an elderly person’s residence inhabited by an
elderly person (actor) confined to a wheelchair.

Figure 4.1: A model of the smart home environment PEIS2. The numbers denote the
width of door openings and other spaces. The cylinder (a) represents the Giraff and the
office chair (b) represents the wheelchair.

Prior to the participation in study 2, the participants had watched an in-
struction movie on how to maneuver the Giraff.2 They were further given a
short written manual on how to maneuver the Giraff. When seated in front of
a laptop equipped with a mouse and a headset, the researcher instructed each
participant to connect to the Giraff and find an elderly person (actor) who was
confined to a wheelchair. Upon finding the elderly person, the participant was
asked to follow to the kitchen and interact with the elderly person about a
medical issue. The elderly person then asked the participant for help in find-
ing a lost remote control. Thereafter, the elderly person said good bye and the

2Giraff User’s Guide is available at: http://www.oru.se/ExCITE/Part-3/User-manuals/

English. The Swedish version is also available at the web site. The participants saw a Swedish
version of the movie.
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participants docked the Giraff into the docking station. Due to the environ-
mental constraints shown in Fig. 4.1 and pre-defined requests from the elderly
person, certain spatial formations were expected to occur. The reader can find
more information about spatial formations and environmental constraints in
Section 3.3.2.

Study 2 was video recorded by ten web cameras mounted in the roof of
PEIS2. Recording of video is an ethical issue and it has been argued that people
inevitably react to cameras when being filmed. The reactions can render the
data unreliable [134]. The cameras used in study 2 recorded video without
any sound and no identification could be performed based on the video feeds.
Further, the participants could not see the cameras from their location and
thereby not react to them. The videos were later used when doing a subjective
assessment of the occurring spatial formations in between the pilot user and the
local user. A snap shot from one of the video recordings is shown in Fig. 4.2.

Figure 4.2: A snap shot from one of the video recordings showing the different angles
of video capture.

Upon completing the driving session, a questionnaire consisting of three
main sections was filled in. These were socio-demographics, perceived ease of
use and perceived presence. The presence section was based on two presence
questionnaires; the Networked Minds and the TPI which are further described
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in Section 3.2. The ease of use section was constructed to capture how easy or
difficult that the participants thought it was to maneuver the robot during the
specific scenario. The questionnaire used can be found in Appendix B.

From the socio-demographic data, it could be concluded that none of the
21 participants had previous experience of video communication tools. Calcu-
lating the internal consistency Cronbach α values for each of the presence di-
mensions originating from the Networked Minds and the TPI questionnaires,
it was found that the questionnaires could be used to evaluate perceived pres-
ence in MRP systems. However, there were two exceptions. The response scales
on some questions in the dimensions Co-presence and Attentional engagement
(Networked Minds) needed to be edited before further use in evaluations of per-
ceived presence in MRP systems. There were many misconceptions about how
to answer the questions. Also Adalgeirsson and Brezeal had previously found
that the questions in the Co-presence dimension had ambiguous meaning and
were causing confusion [69].

It was observed that a majority of the participants oriented the robot so that
they interacted in the same spatial formations (F-formations) that would natu-
rally occur in real life situations. However, also a spatial formation which is not
an F-formation was observed during the interactions in the kitchen. Instead of
orienting Giraff towards the elderly person, the participants were facing a wall
in a look-away formation. Whether this spatial formation would be perceived
as acceptable by elderly local users was later investigated in study 4.

There were correlations between the two measures that captured quality
of interaction data: presence and spatial formations. However, one of these
correlations was between the response to only two questions in the Attentional
engagement dimension previously discussed. There was also a correlation in
between the perceived ease of use and the choice of spatial formation in the
kitchen. The participants who interacted in the look-away formation thought
that it was more difficult to maneuver the robot. Hence, also the perceived ease
of use may indirectly impact the interaction quality.

Study 3 About one and a half year after study 2 with alarm operators, an
additional study with 38 alarm operators took place. The setting in study 3
was a newly opened showcase apartment, Ängen, which is substantially larger
than PEIS2. The participants had not maneuvered Giraff since study 2 was
conducted.

During the one and a half year that had passed since study 2, the alarm
service company had employed many new alarm operators. Therefore, study 2
was offering the first experience of maneuvering Giraff for many of the partic-
ipants. No instruction movie was shown prior to study 3 in which the partici-
pants were guided around the apartment by a researcher (local user) who could
walk while they maneuvered Giraff. The questionnaire data from study 2 and
3 were comparable. There were also no significant differences in the question-
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naire data with respect to whether they had prior experience of manuevering
the Giraff or not. Noteworthy from study 3 is that the tools used to run the
Giraff client application had an impact on how well they maneuvered Giraff.
The alarm operators maneuvered the Giraff from one of the company’s ordi-
nary desktops. In contrast to study 2, these desktops were not equipped with a
mouse but with an ergonomic rollermouse on the keyboard. The participants
sometimes moved Giraff unintentionally. They occasionally pushed the roller-
mouse while trying to tilt the screen by pointing upwards or downwards in the
video feed. This problem was reported to the Giraff manufacturer and a new
means for tilting the LCD screen was developed, a slider positioned to the side
of the image. This finding stresses the need to conduct experiments with pos-
sible work tools in order to better understand how a client application would
work for a specific type of user.

Study 5 Paper V presents the results of study 5. In this study, 13 participants
representing other groups of health care professionals: assistant nurses, nurses
and occupational therapists maneuvered Giraff for the first time while inter-
acting with a researcher. The participants normally provided their services in
person. The study took place in the same location and in a similar manner as
study 3. That is, a researcher who could walk guided the participants around
the showcase apartment Ängen. The quality of interaction measures used in
study 2: the subjective questionnaire and the observations of spatial formations
were used also in study 5. In study 5, an objective measure - sociometry - was
added to the tools used to measure quality of interaction. The reader can find
more information about this tool in Section 3.4. Considering the fact that there
was no difference in the perceived ease of use between the participants using
the Giraff for the first time and those who had used it before in study 3, it
was assumed that a short introduction in how to drive the Giraff was needed.
Therefore, the participants in study 5 saw a short instruction movie3 about the
Giraff concept and how to maneuver the robot before connecting to Giraff.
They were then asked to fill in a socio-demographic form and a consent form.
The consent form contained information about the fact that web cameras lo-
cated at Ängen would record the sessions and that sociometric badges would be
carried and sample speech features during their interaction with a researcher.
Thus, the participants were aware of the fact that they were being filmed. Even
though this meant that they could react to the camera and render the data as
unreliable [134], this was considered as necessary since the camera configura-
tion used in this apartment could both record the sound and reveal the identity
of the participants.

After having completed the guided tour and disconnecting from the Giraff,
the participants were asked to fill in a questionnaire. This questionnaire con-
tained an extended section on the perceived ease of use. The response scales

3The video is available at: http://aass.oru.se/~akn/badgesexp/IntroGiraff.mp4.
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for some of the questions in the presence dimensions Co-presence and Atten-
tional engagement had been modified due to the experiences from study 2.
For completing the information about the questionnaire used, also the socio-
demographic form had been slightly modified. Also, more information about
the participants’ experience of different technologies was requested. The ques-
tionnaire can be found in Appendix D.

In study 5, the spatial formations fluctuated to a higher extent than in study
2 due to the fact that the researcher could walk and stretch arms to pick up ob-
jects etc. These actions did not occur in study 2. There was also more space for
the participants to maneuver the robot in study 5. A lower amount of steering
maneuvers were needed to orient the robot in “correct” directions during the
guided tour. The correlations found between presence and spatial formations
in study 2 did not reoccur. This could be due to several different reasons. The
scales on some questions in the presence dimensions had been modified. The
ordinary work tasks of the participants in study 5 were different. The Giraff
added a visual element to the interaction for alarm operators during study 2
but removed a “hands-on” element for the health care professionals in study 5.

The sociometric data collected during the whole interaction could not be
used to capture such differences. The sociometric data was divided in order
to instead capture the interaction during each step of the guided tour. There
was no observable differences in the average activity in the interaction with
respect to if the pilot user was maneuvering the robot or communicating in a
static position. Yet, the addition of the sociometric measures seems promising.
The objective sociometric data in combination with knowledge on whether the
robot was on the move or not provided an insight in how well the participants
could maneuver the robot. The activity in the interaction was higher among
those who were observed to have problems maneuvering the robot. The socio-
metric data also correlated with the perceived presence. A high activity in the
interaction during transitions between different rooms was associated with a
lower perceived spatial presence. A high activity in the interaction during static
situations was associated with high values in a range of different social presence
dimensions.

4.4 Evaluating elderly people’s attitudes towards

MRP systems

Until now, there is little work in literature on how elderly perceive MRP sys-
tems. A notable exception is [1] in which elderly were given an experience of
both maneuvering a MRP system and communicating with someone else em-
bodied in a MRP system. However, if MRP systems are to be deployed for
domestic use in elder care, a more clear understanding of how elderly perceive
MRP system and what constitutes a “good” interaction through the device
is needed. As seen in study 2, the possibility to move a MRP system around
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could also cause disturbances in the interaction. To exemplify, some partici-
pants did not orient the robot towards the elderly person when communicating
on personal matters. The F-formation vis-a-vis which is typically used when
communicating about such matters in real life situations was not created. It
was therefore of interest to investigate how elderly would actually perceive the
interaction if spatial formations that were not described by Kendon were used.
This was investigated in study 4 (see also Paper IV) by using retrospective in-
terviews.

4.4.1 Retrospective interviews

In situations where there is already a system, one method that could be suit-
able for post-experiment collection of input is the retrospective interview tech-
nique [135]. Using such a technique, it is possible to consider one scenario at a
time in the interaction with the system rather than asking questions that relate
to the whole experience. This methodology was used in study 4 (Paper IV) in
which a limited number of elderly were having a first experience of the MRP
system Giraff as local users. The study focused on understanding how the dif-
ferent spatial formations that occurred in study 2 were perceived by elderly
local users. Study 4 included 10 participants who were invited to a guided tour
at Ängen. After being welcomed to the showcase apartment and served coffee
by a researcher, they were informed about the Giraff and the camera configu-
ration in the apartment. They signed a consent form and were then left alone
in the room. Another researcher (guide) connected to Giraff and guided each
participant around while using either presumably acceptable spatial formations
or the look-away formation which had been observed in study 2. After having
completed the guided tour that consisted of four steps, the first researcher re-
turned and asked the participant to follow to an adjacent room in which a com-
puter was located. Seated in front of the computer, the in-depth retrospective
interview started. The researcher showed a movie of the interaction between
the elderly person and the guide during the first step of the tour. The elderly
person was asked to respond to a set of questions regarding the first movie.
The researcher continued by showing a movie of the second step after which
the elderly person was asked to respond to a set of questions. The interview
continued in the same manner for all four steps. All questions asked during the
interview are found in Appendix C.

The results of study 4 show that there is a mismatch in between how pilot
users oriented the robot in study 2 and how the elderly would prefer that pilot
users behave. It is thus important to conduct experimental evaluations of MRP
systems from two perspectives, the local user’s and the pilot user’s. Study 4
also shows that the same spatial formation can be perceived differently by local
users in different situations. To exemplify, the elderly people’s comments on the
look-away formation was “better” in the last step of the scenario than in the
first step.
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Interviews can be either qualitative or quantitative. Quantitative interviews
are similar to questionnaires. More common is to use interviews to collect qual-
itative data. To do so, open-ended questions aiming at creating a climate for
discussion are needed. These questions can follow a schedule of topics or be
selected randomly depending on what naturally follows in a discussion. How-
ever, the interviewer must remember to ask the person being interviewed all
questions [136]. It is important to spend sufficient time on planning for the in-
terviews according to Lantz [137]. She writes that the research questions need
to be selected before writing a schedule on what questions to include in the in-
terview. After having completed the schedule of questions, it has to be checked
whether or not the questions can help answering the research questions. It is
advisable to consider any thoughts or problems that may have been uncovered
during this process and revise the research questions if needed. Further, a deci-
sion has to be made about how to document the interview. Taking notes while
interviewing is difficult [137]. Lantz recommends to hold one or more test in-
terviews and also to transcribe the data collected in order to see whether it is
possible to answer the research questions based on the data collected [137].

When relating to an entirely new concept, such as the Giraff, retrospective
interviews seemed to be more appropriate than questionnaires. Using a mix
of questions in between movies showing the interaction between the elderly
and the guide embodied in Giraff, the method allowed for collecting input on
how the interaction was perceived in specific parts of a scenario rather than
on the scenario as a whole. If the data had been collected using a question-
naire (either in oral or written form), such input could not have been collected.
However, there are also drawbacks with using a retrospective interview tech-
nique. The experiment itself takes more time since movies are shown in between
the different interview sections. The participants may take the opportunity to
provide more elaborated answers to the questions than what is possible in a
questionnaire. Further, transcribing interviews take more time than encoding
the response to questionnaires.

4.5 Summary

The studies included in this thesis have been conducted in an iterative pro-
cess which is summarized in Table 4.1. The aim of study 1, presented in Pa-
per II, was to understand how health care professionals perceived the system
when first being introduced to it. Study 1 had in total 150 participants and a
video-based evaluation methodology was used. In study 2 and 5, the aim was
to measure the quality of interaction. Both studies were conducted with users
who are being representative for the expected users of MRP systems when they
are deployed in domestic settings in elder care. Study 2, presented in Paper
III included 21 alarm operators who normally interact with their elderly cus-
tomers using the telephone. Study 5, presented in Paper V, was conducted with
in total 13 assistant nurses, nurses and occupational therapists. Thus, study
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2 and 5 were conducted with groups of users for which MRP systems could
have different applications. For the alarm operators in study 2, the MRP sys-
tem added the possibility to see the customers. On the contrary, the possibility
to touch was removed for assistant nurses, nurses and occupational therapists
who participated in study 5. For this reason, the quality of interaction could
be different in the two studies. Three different tools for measuring the quality
of interaction have been used. These tools complement each other and are of
different character: subjective post-experiment questionnaires, observations of
spatial formations and the objective sociometric measures.

Study 4, presented in Paper IV, was based on the results of study 2 in which
it was observed that some pilot users did not orient the Giraff towards an el-
derly person. Thus, study 4 aimed to investigate how such behaviours would
be perceived by elderly local users. The methodology used in the study was a
retrospective interview technique. This method was considered suitable since it
allows researchers to collect in-depth feedback on how a phenomenon is per-
ceived. In this study, the phenomena were divided into four different episodes
where feedback was collected for each of them. The fact that the elderly thought
that the pilot user created a better spatial formation in the last step than in the
first one suggests that the results could have been different if the data had been
collected only through a post-experiment questionnaire. The results of study
4 show that there is a mismatch in between how the elderly would prefer to
interact through the system and how pilot users may interact. This emphasizes
the need to study how a system functions from the perspective of both users of
a MRP system.





Chapter 5

Summary of Papers

5.1 Paper I

Annica Kristoffersson, Silvia Coradeschi and Amy Loutfi, A Review of Mo-
bile Robotic Telepresence, (2013), Advances in Human-Computer Interaction,
2013(1-17).

5.1.1 Aims and background

The paper provides a first literature review of a subset of social robotic telep-
resence systems that focus on mobility, MRP systems. The primary aim of the
paper was to provide an overview of the systems available, their intended use
and the core research directions which have appeared in literature. It further
aimed to summarize the various works by providing a reflection of the lessons
learnt from the various research initiatives. Further, the review proposes a set
terminology for the field of MRP systems due to a lack of standard terms for
the different concepts related to MRP systems.

5.1.2 Findings and conclusions

The paper proposes mobile robotic telepresence (MRP) systems, pilot user, local
user and local environment as standard terms for the concepts related to MRP
systems. The MRP systems are characterized by a video conferencing system
that is mounted on a mobile robotic base and their primary aim is to enable
social interaction. Also the client application used to maneuver the robot is a
piece of the MRP system. The local user is being situated in the same physical
location as the robot, this location is called the local environment. The pilot
user can connect to the robot and interact with the local user while moving the
robot around through a client application.

The design and functionalities of MRP systems vary and often depend di-
rectly on their intended use and application. A current trend is to integrate
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smartphone technology and/or tablet PCs into the MRP system design. Sev-
eral systems that use a smartphone or tablet PCs as the head of the robot are
described. Using smartphone technologies to control MRP systems is also of
interest to promote access from anywhere to the pilot users. Interfaces such as
small touch screens can however make the task of teleoperation harder and in-
crease the need for semi-autonomous functionalities. Other trends include the
use of standard hardware and software for robotics (ROS) and video commu-
nication (Skype).

MRP systems are suitable for a range of applications and there are a number
of specific challenges depending on the domain of use. The three dominant
application domains found in literature are: office environments, health care
and ageing in place. MRP systems used in office environments need to support
the pilot user in the participation in meetings and while engaging in informal
interaction with local co-workers. The informal interaction typically occurs in
dining rooms and in hallways. Therefore, it is important that MRP systems
support interaction when the pilot user is on the move. It is further important
to aid the pilot user in the perception of sound so that he can localize the
direction of sound during meetings.

The evaluations in health care have mainly been conducted using the RP-7.
The results show that the use of MRP systems reduces the length-of-stay after
minor invasive surgeries but also at the intensive care units (ICU). It further
reduces the response time in emergency situations.

A characteristic feature of MRP systems deployed in domestic settings in
elder care is that they are to be used over long periods of time by local users
that are fragile and often have a low experience of using computers. Elderly
people’s homes are often crowded with memories and equipment associated
with the elderly people’s current needs, e.g. wheelchairs and walkers. Little
space is left for a MRP system both when being in the idle state and when being
moved around. Further, the pilot user’s perception of a home can be limited by
the often poor lighting conditions.

User evaluation studies cover topics such as attitude and acceptance, qual-
ity of communication, societal and ethical issues and technical measures. The
technical evaluations cover pilot interface design, semi-autonomy, communi-
cation channel reliability and robustness. The different application areas with
their specific challenges, the results of the evaluations and current technolog-
ical trends outline a set of design implications for developers of future MRP
systems. Important aspects to consider are privacy, cost and adaptability to
different client user platforms and needs. In a number of evaluations, it has
been found that assisted driving is preferable, that a map of the environment
is needed [17, 18] and that means to lower the pilot user’s burden in avoiding
obstacles are needed [18]. This is even more important for pilot users who con-
nect to MRP systems through smartphones or tablets PCs. Yet, until now, none
of the evaluations of MRP systems have considered how to best support such
pilot users. Further, the height of MRP systems needs to be adjustable to sup-
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port not only people of different length but also different types of interaction
such as meetings and informal communication in the hallway. Finally, meth-
ods to regain the connection to the MRP system in case of a network loss are
needed [19].

5.2 Paper II

Annica Kristoffersson, Silvia Coradeschi, Amy Loutfi and Kerstin Severinson
Eklundh, An Exploratory Study of Health Professionals’ Attitudes about Robotic
Telepresence Technology, (2011), Journal of Technology in Human Services,
29:4(263-283).

5.2.1 Aims and background

Previous research on caregivers’ attitudes to new technologies suggests that it is
advisable to ask the potential users of a new device for feedback already in the
prototype phase in order to investigate the perceived benefit of the product. The
aim of the study was to gain input on how the MRP system Giraff is perceived
by several different groups of potential users of varying age and background
and to compare the acceptance of the system between the groups.

5.2.2 Method

The article presents a video-based evaluation study1 and included 150 partic-
ipants. In total, five different trials were conducted at the School of Health
and Medical Sciences at Örebro University, Sweden. Each trial targeted specific
groups of teachers or students: teachers in the nursing program (T1), teachers
in health subjects such as occupational therapy and audiology (T2), students in
the nursing program (S1), students in the occupational therapist program (S2)
and students in the audiologist program (S3).

The trials took place in a classroom or lecture hall and begun with a short
introduction that included why the study was to be conducted and some back-
ground information about the ExCITE project [10]. Specifically, it was empha-
sized that Giraff is mainly intended for social interaction with acquaintances,
off-springs and caregivers and that the intention of Giraff is not to replace
caregivers but to complement them as an additional service. The participants
watched the “Hello Pat” movie2 in which a nurse visits an elderly person via
the first Giraff robot prototype depicted in Fig. 2.2. The participants filled in a
questionnaire (see Appendix A) immediately after having seen the movie. Sev-
eral versions of the questionnaire were distributed during the experiment. The
questionnaires were adopted to the different organizational contexts that the
participants were working in.

1See Section 4.2.1 for more information on the video-based evaluation methodology.
2The movie is available online at: http://vimeo.com/42391813.
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5.2.3 Findings and conclusions

There were significant differences regarding the perceived usability between all
teachers (T1+T2) and all students (S1+S2+S3), between the nursing teachers
(T1) and nursing students (S1) as well as between the teachers in health subjects
(T2) and occupational therapy students (S2). The teachers perceived the Giraff
as being more useful than the students in all the three cases. Comparing the five
different groups, the audiology students (S3) and teachers in health subjects
(T2) found it most useful while the nursing students (S1) and occupational
therapy students (S2) found it the least useful. The audiology students (S3)
also found it the most aesthetically appealing while the nursing students (S1)
perceived it as the least aesthetically appealing. The nursing teachers (T1) were
more positive than the nursing students (S1) on all questions in the context
of nursing. The similar trend was seen in the context of occupational therapy
where the teachers in occupational therapy subjects (T2) were more positive
than the occupational therapy students (S2). The trend was the opposite in the
audiology context but the number of participants were low.

The results of the study reveal that the acceptance and perception vary in be-
tween the different groups of teachers and students. A consistent concern in the
study was that the technology would be used to replace people. This suggests
that it is difficult to obtain objective feedback without addressing the under-
lying concerns. The results of the study also indicate that the reluctance for
technology uptake will not be reduced as a result of new generations of health
care professionals entering the market. Rather, it seems as if the tools that are
used in the work process today are determinant for acceptance. For example,
there have been systems with similarities to the VMC systems to aid people with
hearing deficiencies for a long time. These systems can partly explain why the
audiology students and teachers in health subjects are more positive towards
the proposed technology.

5.2.4 Discussion

The information given prior to showing the movie may have had an impact on
how the participants filled in the questionnaire. The students are being trained
in evidence-based practice. Inclusion of evidence of the proposed benefits in the
information given prior to showing the movie might have strengthened argu-
ments regarding the benefits of using a MRP system.

The differences of opinion in between the different groups show that it is
important to include representatives of potential user groups already at an early
stage in the development process of new technological tools. The fact that nurs-
ing teachers (T1) and teachers in occupational therapy (T2) were more positive
than their respective students further implies that they could play a large role
in introducing new technologies during the education with their attitude and
experience.
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5.3 Paper III

Annica Kristoffersson, Kerstin Severinson Eklundh and Amy Loutfi, Measuring
the Quality of Interaction in Mobile Robotic Telepresence: A Pilot’s Perspective,
(2013), Int Journal of Social Robotics, 5:1(89-101).

5.3.1 Aims and background

The study presented in this paper served two purposes. The first one was to
prepare the alarm operators (participants) for the deployment of a Giraff in the
home of an elderly couple that would be a test site in the ExCITE project [10].
The couple already interacted frequently with the alarm service by pushing an
alarm button on a necklace and the Giraff would work as an additional means
for interaction. The second purpose was to study the quality of interaction be-
tween pilot users and local users and to describe the interaction using measures
that relate to: (1) the spatial formation occurring between the users and (2) the
pilot user’s perceived social and spatial presence when being embodied in the
robot. Kendon’s F-formation system [90, 91], a framework for describing the
natural positioning/configuration of people when engaged in specific tasks was
inspiring the encoding of spatial formations. The perceived social and spatial
presence was captured by the use of a questionnaire based on the Networked
Minds Social Presence Inventory (Networked Minds) [67, 77] and the Temple
Presence Inventory (TPI) [68,78]. The F-formation system had not been previ-
ously applied on MRP systems. Networked Minds and TPI had been applied
when evaluating MeBot [69] which can be considered a MRP system. However,
the questionnaires had not been validated for use in evaluations of MRP sys-
tems. More information about the F-formations, Networked Minds and TPI is
found in Section 3.2 and 3.3.2.

5.3.2 Method

The study included 21 alarm operators who all maneuvered the MRP system
Giraff for the first time. Prior to their participation in the study, they had seen
an instruction movie on how to steer the Giraff3. The training took place in a
smart home environment, PEIS2, located at Örebro University, Sweden. PEIS2
was equipped with ten permanently installed web cameras positioned at differ-
ent locations in the ceiling. The cameras were used to record each interaction
and allowed for a repeated and detailed access to the interaction between the
participants and the local user. The video recordings did not capture any sound
from the interactions between the participants and the local user. Further, the
choice of camera configuration disabled the possibility to capture facial expres-
sions but allowed for the observation of spatial formations.

3Giraff User’s Guide is available at: http://www.oru.se/ExCITE/Part-3/User-manuals/

English. The participants saw a Swedish version of the movie.
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The same procedure was used for all participants. Each participant (pilot
user) connected to the Giraff and was instructed to locate an elderly person
(actor) who was situated in the bed. No guidance was given about where to
find the elderly person. When the elderly person had been found, she moved
over to a wheelchair and asked the pilot user to follow (S1) to the kitchen in
which she discussed a medical issue (S2). The natural spatial formation in such
situations is a vis-a-vis [90]. She then asked the pilot user for help in finding the
remote control for a television set with the expectation that the pilot user would
move ahead (S3) of the elderly person. This was a logical expectation since the
kitchen and path to the living room had environmental constraints. The pilot
user would find the remote control on the floor between the television set and a
table and inform the elderly person about the location (S4). The typical spatial
formation when talking about objects is an L-shape [90]. The elderly person
would then find an appropriate means to conclude the conversation and ask
the pilot user to return to the docking station. Upon completing the training
in driving a Giraff, the participants were asked to fill in a questionnaire (see
Appendix B) that assessed the perceived social and spatial presence and also
the perceived ease of use.

5.3.3 Findings and conclusions

Using the video recordings of all the participants, it was found that 18 out of 21
participants followed the elderly person in S1. Contrary to what was expected
in S2, only 14 out of 21 pilot users interacted in a vis-a-vis (see Fig. 5.1) in
the kitchen. The remaining 7 pilot users formed a spatial formation that is not
an F-formation. Instead of turning the Giraff towards the elderly person, the
pilot users faced the wall to the right of the fridge (see Fig. 5.2). We called this
formation a look-away.

Figure 5.1: A participant interacting in a vis-a-vis formation.

Contrary to what was expected in S3, only 13 out of 21 chose to drive
ahead of the elderly person. The other 8 moved out of the way to let the elderly
person move ahead. Only 13 out of 21 described the location of the remote
control to the television set in the expected L-shape (see Fig. 5.3) in S4. The
other 8 described the location while interacting in a side-by-side, see Fig. 5.4.
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Figure 5.2: A participant interacting in a look-away formation.

Figure 5.3: A participant describing the location of an object in an L-shape.

Figure 5.4: A participant describing the location of an object in a side-by-side.
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It was found that the subset of Networked Minds and TPI dimensions used
in this study was suitable for use in the MRP system setting. Several questions in
the dimensions Co-presence and Attentional engagement, both originating from
the Networked Minds, had to be excluded in the analysis due to the fact that
several participants misunderstood the scales and wordings of the questions.
Further, the subset of questions from the TPI dimension Perceptual Realism
included two questions about smell which the participants considered inappro-
priate when describing their perceived presence while interacting through MRP
systems.

Not many relations between perceived presence and occurring spatial for-
mations in S1-S4 were found in our investigation of relationships between
the two. It was found that the perceived Attentional engagement (Networked
Minds) was higher among the pilot users who drove ahead when compared
to the ones who followed during S1. Also, the perceived Comprehension (Net-
worked Minds) was higher among the pilot users who described the location of
the remote control in an L-shape than among the ones creating a side-by-side.

The perceived ease of use varied depending on the occurring spatial for-
mations in S1 and S2. The participants who followed the elderly person in S1
thought it was easier to start the Giraff client application. The pilot users who
interacted in the expected vis-a-vis in the kitchen thought that it was easier to
undock the Giraff and to make a u-turn when compared to the pilot users who
interacted in a look-away.

5.3.4 Discussion

The participants in the study had no experience of interaction via VMC sys-
tems. Thus, it was their first experience of both using MRP systems and VMC
systems. However, their daily work task was to interact with people who have
pushed an alarm button in their home using the telephone. Interaction through
a MRP system could thus improve their ability to interact with elderly and bet-
ter assess their situation. They were thus quite positive to the technology even
before testing it.

Two actors were used during the experiment and this seems to have influ-
enced the experimental results. For example, the average time for the interac-
tion was considerably longer among the pilot users who interacted with one
of the actors. Further, the perceived Emotional Contagion (Networked Minds)
varied. To remove this possible error source, it is preferable to use only one
actor.

There were relations between perceived presence and occurring spatial for-
mations. However, the relations were found for presence dimensions in which
several questions had to be excluded in the analysis. Thus, it could be the case
that the relations would not exist if the questionnaire would be improved.

Using cameras in experiments is an ethical issue. People can react to the
cameras and behave in a different way than they would normally do. The cam-
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eras used for recording this experiment lacked a microphone and were posi-
tioned in a way such that the visual identity could not be revealed from the
videos.

The look-away formation that frequently occurred in S3 was unexpected.
A possible reason for not positioning the Giraff in a vis-a-vis could be that an
extra effort was needed, an effort that may have been lower for the participants
who perceived the system as being easier to use.

5.4 Paper IV

Annica Kristoffersson, Silvia Coradeschi, Amy Loutfi and Kerstin Severinson
Eklundh, Using Retrospective Interviews to Assess Interaction Quality in Mo-
bile Robotic Telepresence, (2013), Submitted to Interaction Studies, Social Be-
haviour and Communication in Biological and Artificial Systems.

5.4.1 Aims and background

The purpose of the study was to improve the understanding of how spatial
formations affect the interaction between the pilot user and the local user. The
study was following up on some of the results reported in Paper III. There
was an interest in investigating how the look-away formation would be per-
ceived by elderly. It was further of interest to see if Kendon’s F-formation system
would also be applicable in interaction via MRP systems from the perspective
of the local users. More information on the F-formation system is found in
Section 3.3.2.

5.4.2 Method

Ten elderly participants were invited to a guided tour at the Ängen showcase
apartment, Örebro, Sweden. The time slot available for each elderly person
was one hour. During this hour, they were first welcomed to the apartment
by a researcher who informed them about the study and Giraff. The elderly
were told that they would be guided around in the apartment by another re-
searcher (guide) who would connect via Giraff and that the interaction would
be filmed for experimental purposes. After having signed a consent form, they
were guided around in the apartment by the guide who followed one of two
predefined scenarios that both had four major steps. Fig. 5.5 and 5.6 provide
graphical overviews on how the guide oriented the Giraff with respect to the
elderly person in each of the four steps S1-S4. The difference between the sce-
narios was that the pilot user used the vis-a-vis F-formation in scenario a and
mainly the look-away formation in scenario b. In total, five elderly experienced
scenario a, three experienced scenario b and two interacted with the pilot user
simultaneously. A retrospective interview4 with the researcher who had wel-

4See also Section 4.4.1 for more information about the retrospective interview technique.
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comed the elderly person was conducted immediately after the guided tour was
completed. He showed each elderly person the video recording of step 1 after
which he asked questions related to step 1 (see Appendix C). He then continued
the interview by showing the video recording of step 2 and asking the questions
related to step 2 etc.

DS

Figure 5.5: A graphical overview of how the guide oriented the Giraff with respect to
the elderly person during each of the four steps S1-S4 in scenario a. Giraff is a circle and
the squares denote the expected locations of the elderly person. O1-O5 are objects, DS
is the docking station and I denotes the room where the retrospective interviews took
place.

5.4.3 Findings and conclusions

The elderly adjusted their spatial formation with respect to Giraff towards the
F-formation vis-a-vis when the pilot user had created a look-away formation
in step 1, see Fig. 5.7 and 5.8. Reconfigurations of the spatial formations also
occurred in step 3 and 4 during which the pilot user described objects. The
elderly were observed to look at objects rather than at the Giraff. Also during
the retrospective interviews, it was clearly important for the elderly that the
pilot users adhere to socially acceptable spatial configurations.

The elderly expressed that the possibility to have eye- and facial contact is
necessary when interacting via MRP systems. There were clear differences in
the response to questions regarding step 1 depending on whether or not the
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DS

Figure 5.6: A graphical overview on how the guide oriented the Giraff with respect to
the elderly person in each of the four steps S1-S4 in scenario b.

Figure 5.7: Initial spatial formation during step 1. Giraff is in a “look away formation”.
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Figure 5.8: Changed spatial formation during step 1. The elderly person has moved
towards a vis-a-vis.

Giraff had been turned towards the elderly person as illustrated in the below
examples.

Giraff faced the elderly person in a vis-a-vis Eye-contact was there and I be-
lieve that is important.

Giraff was positioned in a look-away formation Yes, one must always have eye-
contact [..] I think the person in the Giraff needs to think about that. I
did not have eye-contact all the time [..] but I tried moving so that I could
see [..].

Figure 5.9: Initial spatial formation in step 4.

However, the importance of eye-contact seemed to decrease in later steps
of the scenario. In the questions regarding step 3 and 4, the elderly expressed
that the Giraff was turned appropriately. They were also observed to adjust
the spatial formation by turning towards different objects rather than towards
the Giraff. This can be compared with the L-shape that normally occurs in
human-human interaction (HHI) when talking about objects, see Fig. 5.9 and
5.10.
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Figure 5.10: Changed spatial formation in step 4. The elderly person is facing an object.

5.4.4 Discussion

Several elderly participating in the long-term study ExCITE [10] have expressed
that filling in questionnaires is difficult. This experience was one of the motiva-
tions for using a different methodology in this study. The use of the retrospec-
tive interview technique allowed for collecting subjective input directly related
to what the elderly had experienced. It is believed that such a methodology can
give a more elaborated assessment of how the elderly perceived the interaction
than what could have been expressed through a questionnaire about presence
such as the one used in Paper III.

5.5 Paper V

Annica Kristoffersson, Silvia Coradeschi, Kerstin Severinson Eklundh and Amy
Loutfi, Towards Measuring Quality of Interaction in Mobile Robotic Telep-
resence using Sociometric Badges, (2013), Submitted to Paladyn, Journal of
Behavioral Robotics.

5.5.1 Aims and background

The study served the purpose to further understand the quality of interaction
when using MRP systems. In an effort to improve the means to measure the
quality of interaction used in the study described in Paper III, a means to ob-
jectively measure the interaction was added, sociometry5.

5.5.2 Method

The study included 13 participants working at an elderly residence in Örebro,
Sweden. They worked as assistant nurses, nurses and occupational therapists.

5See Section 3.4 for more information about sociometry.
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These professions are all typically seeing their patients in person. Prior to driv-
ing the Giraff, the participants were informed that there were cameras placed
in the apartment they would visit while being embodied in Giraff and that the
video feeds from these cameras would be used in the analysis of the experiment
but not reveal their anonymity. Further they were told that they would carry a
sociometric badge around their necks. The badge would sample speech features
during their interaction but not record sound. All participants signed a consent
form and filled in a socio-demographics form.

The participants had no previous experience of Giraff and were asked to
connect to a Giraff located in the Ängen showcase apartment after watching
a short instruction movie6. A researcher guided the participants around fol-
lowing a semi-scripted procedure almost similar to the one used in Paper IV.
Both the researcher and the participants wore sociometric badges around their
necks. The researcher positioned herself in the same locations for all partici-
pants. The guided tour included transitions with the robot and static situations
during which objects were described. Fig. 5.11 provides a graphical overview
of the expected formations in S2 and S3 and indicates the path of T1-T3. The
expected spatial configuration in the first two transitions (T1 and T2) was that
the participant would follow the researcher. The third transition (T3) was ini-
tiated by the researcher who asked if the participants remembered the location
of the docking station. Here, it was expected that the participant would move
ahead of the researcher. The researcher showed objects in the two static situa-
tions, S2 and S3. The typical formation when describing objects is an L-shape.
However, due to spatial characteristics of the apartment, different spatial for-
mations were expected to occur. The L-shape was expected in S2 since the pilot
users could create this spatial formation without performing major turning ma-
neuvers. In S3, the pilot users would have to first enter the room and then do a
turning maneuver in order to interact in an L-shape. It was thus expected that
the pilot users would choose the easiest way to interact, the vis-a-vis.

Finally, after having completed the guided tour, the participants discon-
nected from the Giraff and were asked to fill in a questionnaire (see Appendix D).
The questionnaire was an extended and modified version of the questionnaire
used in the study presented in Paper III. The most notable change from the
socio-demographic form used in the previous study was the addition of a ques-
tion regarding experience of playing computer-/video games. The perceived ease
of use section contained an extra set of questions. Further, the response scales
on some of the questions in the Networked Minds dimensions Co-presence
and Attentional engagement that were found problematic in the previous study
were revised.

In total, the procedure took up to an hour. So, while the number of partici-
pants was low, the time of interaction was long.

6The video is available at: http://aass.oru.se/~akn/badgesexp/IntroGiraff.mp4.
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Figure 5.11: A graphical overview of the apartment and the expected spatial formations
in the static situations S2-S3. The squares denote the researcher and the circles denote
the participant (Giraff). O1-O4 are objects, DS is the docking station. T1-T3 indicate
the transitions between static situations.

5.5.3 Findings and conclusions

Although the number of participants in this study was too low to make gen-
eralizations about the perceived presence, the results indicate that the revised
scales improved the understanding of the questions in the Networked Minds
dimensions Co-presence and Attentional engagement in comparison with the
study presented in Paper III.

The analysis of the ease of use data suggests that the participants considered
the system as being easy to use. However, the participants who had experience
of playing computer-/video games thought that it was easier to use than the
participants without such experience. Similarly, the participants who had expe-
rience of using VMC systems were having a more “smooth” interaction during
S2 according to the data captured by the sociometric badges. The results indi-
cate that habituation to the technology improves the experience.

Using the stored video data, an annotation of time codes was performed.
The first annotation marked the starting points of the different occasions oc-
curring during the scenario. This annotation was used to calculate how much
time was spent in each situation in the script, particularly in three transitions
and two static situations. The videos were also used to analyze the occurring
spatial formations in the situations T1-T3 and S2-S3. The initial spatial config-
uration in T1-T3 was the annotated formation for the situation. It was found
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that the researcher’s lack of an embodied constraint, such as the wheelchair
in Paper III, resulted in more frequent changes of the spatial formations. The
formation occurring during the majority of the time in each situation S2-S3
was annotated. The spatial formations observed in the videos are depicted in
Fig. 5.12. The expected spatial formation in S2, L-shape (see Fig. 5.13), was
the formation that could be annotated for most participants. However, two
participants were annotated to interact in a vis-a-vis (see Fig. 5.14). The spatial
formations were fluctuating more in the bedroom situation, S3. For all but one
participant, the interaction was occurring mainly in a vis-a-vis (see Fig. 5.15)
or in a mis-aligned vis-a-vis formation (see Fig. 5.16).

Figure 5.12: The spatial formations observed in the experiment. Formation 1-3 are F-
formations [90]. 0. Mis-aligned vis-a-vis, 1. Vis-a-vis, 2. L-shape, 3. Side-by-side, 4.
Look-away, 5. Ahead and 6 Follow. The Giraff is grey and the local user is black. The
dotted ovals denote the shared interaction space, O-space.

Figure 5.13: The expected L-shape in the kitchen S2.

The “Sociometric Datalab” that can automatically analyze the sampled data
stored in the badges can only be run using 60 s intervals. Since the experiment
was semi-scripted and consisted of both transitions and static situations, it was
of interest to study those situations separately. Thus, an effort was made to re-
peat the automatized method for analysis using manual means. The time codes
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Figure 5.14: The unexpected vis-a-vis in the kitchen S2.

Figure 5.15: The expected vis-a-vis in the bedroom S3.

Figure 5.16: The unexpected mis-aligned vis-a-vis in the bedroom S3.
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used to perform the analysis were the annotated starting points of each of the
different occasions in the scripted scenario.

Searching for relations between the different tools used to measure the qual-
ity of interaction, it was found that there was more speech activity in the HHI
during transitions when the participant was observed to have trouble maneu-
vering the robot or using the unexpected spatial formation. Similarly, there was
a higher speech activity in S2 when the participant positioned himself such that
the majority of the time was spent in a vis-a-vis formation rather than in the
expected L-shape.

5.5.4 Discussion

The researcher who guided the participants around the apartment observed
that some of the participants had significant problems in maneuvering the Gi-
raff. The impression was that the response on the questionnaire section on per-
ceived ease of use was not always matched by the participant’s response to the
questionnaire. Interestingly, there were many correlations found between the
sociometric measures and the perceived presence. In general, the response on
the spatial presence dimensions were negatively correlated with a high activity
in the HHI during transitions but positively correlated with high activity in the
HHI in static situations. Even though the number of participants in this study
was low, this indicates that it may be possible to reduce the amount of tools
used to measure quality of interaction. The sociometric measures, in combina-
tion with knowledge about whether the pilot user is moving or static seem to
give an indication of both how socially and spatially present the person feels
but also of how well the person is maneuvering the robot. Thus, the use of
a subjective questionnaire may be unnecessary when measuring the quality of
interaction in MRP systems but more experiments validating the results are
needed.



Chapter 6

Discussion and Conclusions

The work in this thesis has focused on measuring the quality of interaction
in MRP systems. The work can be summarized into three main contributions
which add to our understanding of mobile robotic telepresence (MRP) systems.
These are: a comprehensive review of MRP systems, tools to measure quality of
interaction in MRP systems from a pilot user’s perspective and tools to conduct
experimental evaluations with MRP systems for domestic use in elder care.

Paper I in this thesis compilation is a comprehensive review of MRP sys-
tems. It overviews the MRP systems available, their use and the core research
directions that have appeared in literature. A variety of terms have been used to
refer to the MRP systems and the users. The review proposes the adoption of
a specific terminology for MRP systems. This terminology includes the terms:
MRP system, pilot user, local user and local environment. The review shows
that MRP systems have different uses in the various contexts in which MRP
systems are deployed. Remote office co-workers use MRP systems when they
need to participate in meetings and for informal interaction in the office hall-
ways. This kind of communication is different to the one that can be imagined
when a MRP system is deployed in domestic settings in elder care, in schools
or at hospitals.

It is important to take note that all work in this thesis has focused on eval-
uating the use of MRP systems when deployed in domestic settings in elder
care. The Giraff is seen as a means that allows elderly to remain independent
for as long as possible. From this perspective, it is important to understand
how health care professionals perceive the MRP system concept. Although it
can be expected that elderly will use the Giraff to communicate not only with
health care professionals but also with family/acquaintances, the evaluations in
this thesis focus on the use of MRP systems for communication between health
care professionals and elderly. Interaction enabled by a MRP system such as
Giraff is complex, not only does it encompass the interaction between the two
people communicating but also the local user’s interaction with the robotic de-

71



72 CHAPTER 6. DISCUSSION AND CONCLUSIONS

vice and the pilot user’s interaction with the client application used to maneuver
the robotic device.

When measuring quality of interaction, it was considered important to take
into account that the interaction is not only social communication. The interac-
tion includes also a spatial element. The pilot user can move the robot around
while communicating with a local user. The tools used to measure the quality
of interaction are presence, spatial formations and sociometry. They have been
chosen in order to capture both the social and spatial aspects of the interac-
tion. Experimental results have shown that there exist correlations in between
the quantitative measures (e.g. sociometry) and the qualitative data collected
during or past the experiments (e.g. perceived presence, spatial formations and
how well the pilot users could maneuver the robot). Experimental results have
also shown that there is a mismatch in between how pilot users orient the robot
with respect to local users and how the elderly local users would prefer the pilot
users to orient the robot. The social communication expected for MRP systems
deployed in domestic settings in elder care differs from how co-workers inter-
act during meetings. Therefore, it was expected that the medium’s impact on
the interaction would also be different. For this reason, the evaluations took
place in domestic settings and with representatives of the different organiza-
tional units that are expected to use MRP systems when deployed in elderly
people’s homes. These groups include alarm operators, assistant nurses, audi-
ologists, nurses, occupational therapists and elderly themselves. For all of these
user groups, MRP systems could shift their ordinary interaction with elderly in
different ways depending on how they typically communicate.

In order to further understand how the quality of interaction could be af-
fected depending on who connects to a MRP system, it was considered neces-
sary to collect data on how the Giraff was initially perceived among health care
professionals. In total, 150 participants participated in the study presented in
Paper II. The methodology used was a video-based evaluation. Such a method-
ology allows for the conduction of experiments with similar conditions for a
large number of people. Throughout the work presented in this thesis, the ex-
perimental evaluation methods have been chosen carefully. Therefore, this the-
sis also contributes with tools to conduct experimental evaluations of MRP
systems for domestic use in elder care. The tools used take into consideration
the organizational background of the participants involved in the evaluations
and also the specific challenge of conducting experimental evaluations with a
low number of participants. To further exemplify, the experimental evaluations
of quality of interaction (Paper III and Paper V) were conducted with a lower
number of participants. In those evaluations, several different tools were used
to measure the quality of interaction. The data obtained from each of these
tools were not analyzed in isolation. The data were combined and correlations
were found between them. The study with elderly (Paper IV) had only ten par-
ticipants. For this reason, a retrospective interview methodology was used in
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order to obtain more in-depth data about how the elderly perceived the inter-
action.

Although all evaluations in this thesis have focused on evaluating MRP sys-
tems for domestic use in elder care it can be argued that the tools used to mea-
sure quality of interaction can also be applied when MRP systems are deployed
in other contexts. Similarly, it can be argued that the tools outlined to conduct
experimental evaluations of MRP systems are also worth considering when
evaluating MRP systems in other contexts. In the remainder of this chapter, in
particular the second and third contribution of this compilation thesis will be
critically discussed. Finally, the thesis will end by suggesting future work.

6.1 Reflections - A critical view of the work

Concerning the second contribution - tools to measure quality of interaction in
mobile robotic telepresence from a pilot user’s perspective - all tools that were
used have been previously applied in other domains.

Presence was measured using a subjective questionnaire based on the Net-
worked Minds Social Presence Inventory (Networked Minds) [67, 77] and the
Temple Presence Inventory (TPI) [68, 78]. Even though it is claimed that pres-
ence can be measured using behavioural or physiological measures, a subjective
questionnaire was chosen. There were three main reasons for this choice: (1) it
is the category of methods for which the literature provides most information
on how to interpret the perceived presence, (2) the Networked Minds and TPI
had been previously applied in evaluations of the MeBot [69] (an expressive
robot which can be considered as being a MRP system) and (3) it should be
possible to combine the results with other measures of the quality of interac-
tion. Even though Networked Minds and TPI had previously been applied in a
similar context, there was a need to validate their applicability on evaluations
of MRP systems. Therefore, the internal consistency values, Cronbach α, for all
presence dimensions have been calculated. In Paper III, it was found that two
of the dimensions, Co-presence and Attentional engagement, both originating
from the Networked Minds questionnaire, had low internal consistency values.
The Co-presence dimension had also been discussed in [69] in which it was
argued that the questions had ambiguous meanings. Therefore, the response
scales for some of the questions in both dimensions were modified before con-
ducting the study presented in Paper V. In that study, it was found that the
internal consistency values had improved. This indicates that the presence di-
mensions are applicable for evaluating presence in MRP systems. However, a
study with more participants is needed to validate the modified presence dimen-
sions. In Paper III, it was also noted that the participants found two questions
irrelevant for MRP systems. These questions originated from the TPI dimension
Perceptual realism, in this work divided into Object realism and Person real-
ism, and regarded to what degree objects and a local person were perceived to
smell like they would in reality. Therefore, these questions were excluded from
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the questionnaire used in Paper V. The Perceptual realism dimension was also
reduced prior to the study presented in Paper III by the exclusion of questions
regarding temperature and touch.

Among the tools available to assess spatial formations, only Kendon’s F-
formations [90] were used. The main reason for this was that the Giraff does
not have any sensors that would allow for measuring distances to objects (or
people) which is essential in Hall’s proxemics. Therefore, the estimations of
spatial formations would be based on what could be observed in video record-
ings from the experiments. This raises the question “What is to be considered
a specific spatial formation?”. Common for the F-formations is that there is a
shared interaction space, an O-space [90]. If no such space can be observed,
the spatial formation is not an F-formation. The experimental evaluations had
different camera set-ups. In the study presented in Paper III, there were ten
web cameras mounted in the roof of a smart home environment in which the
“rooms” were separated by screen walls. The interactions were always cap-
tured by at least two cameras. The encoding of the spatial formations was
performed by watching the recorded videos of all cameras simultaneously. In
the study presented in Paper V, the camera set-up was less optimized for esti-
mating spatial formations. In this study, there was only one camera per room.
For this reason, a number of reference snap shots were taken. These were used
during the encoding process of spatial formations. It should be noted here that
encoding the observations of 21 participants in the study presented in Paper III
and 13 participants in the study presented in Paper V was a time consuming
process. The set-up with three cameras was used also in the study presented
in Paper IV. The video recordings were primarily used during the retrospective
interviews. Thus, they were not used to determine what spatial formation that
had occurred but only whether they changed and if that was the case, how they
changed.

Sociometry [99] seemed to be an appropriate tool for measuring quality
of interaction in MRP systems. In the study presented in Paper V, a specific
sensor badge was used, a Sociometric badge. The badge is a commercial prod-
uct and has previously been used in a study comparing sociometric measures
during communication via either a display with fixed orientation or a turn-
able display [13]. The turn-able display had similarities with MRP systems. It
was assumed that the computer software accompanying the Sociometric badges
would allow for automatic calculations of the collected sociometric data. The
software was found to lack a very important feature when analyzing the data
collected in the study presented in Paper V. The scripts that could be run directly
from the software could only be used to analyze periods of time defined in 60
s intervals. This did not correspond to how any of the participants who ma-
neuvered the Giraff interacted with a local user (researcher) during the guided
tours. They did not connect or hang up their calls at the start of a 60 s interval,
nor did they stop or initiate the robot’s movements at these intervals.
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It was possible to run some of the scripts only when the badges could detect
other badges. However, a deliberate choice had been made to hang the badge
around the neck of each participant rather than on Giraff. It was considered
that this set-up would ensure that the badge sampled an analogous version of
each participant’s voice rather than a version which had been digitally trans-
formed. For this reason, the badges used in the experiment were not located in
the same room. Accordingly, the option to perform the analysis only when the
badges were in close proximity was discarded. However, even if the badge had
been hung on Giraff, the analysis would likely have covered also periods when
the Giraff was disembodied. Further, there were no scripts that separated situ-
ations where the participants moved the Giraff from situations where they did
not. To conclude, only a subset of the software scripts were useful in the analy-
sis of the sociometric data. Therefore, most calculations were performed man-
ually in spreadsheets. These calculations were not difficult but time consuming.
However, the calculations could not be performed without first observing the
video recordings from the experiment. The time codes for the different events
in the scripted scenario had to be manually encoded while watching the movies.
Thereafter, they were transferred to the spreadsheets. Also this procedure was
time consuming. During this process, it was discovered that the internal clock
of the sociometric badges (which had been set the day before the experiment)
was non-synchronized with the internal clock of the computer recording the
videos. The issue was resolved by comparing the accelerometer data stored in
the researcher’s badge with observed movements in the video recordings. Thus,
even though the sociometric badge seems to be a promising tool to use when
measuring the quality of interaction in MRP systems, it is currently not a tool
that can be used in isolation.

As the reader might remember from Chapter 3, Insko pointed out three
different categories of methods that are commonly used to measure presence.
These include subjective questionnaires, subjective assessment of behaviours
and objective physiological measures [62]. Ijsellsteijn et al. suggested that an
aggregated measure comprising both subjective and objective methods should
be used when measuring presence [61]. Although observations of spatial for-
mations and sociometric measures cannot be considered to be methods that
measures presence, the tools that have been used to measure quality of interac-
tion represent all of these categories of methods.

Concerning the third contribution - tools to conduct experimental evalu-
ations with MRP systems for domestic use in elder care - there are certainly
additional methods that could have been used. It can also be claimed that the
studies were conducted only with a low number of participants and that the
results cannot be generalized. It is important to say here that all studies were
conducted with users who represent organizational units that are expected to
use MRP systems if they are deployed in domestic settings in elder care. This
was considered important as an eventual deployment in such settings could af-
fect their work processes when taking care of elderly. Thus it was important to
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investigate: (1) what tasks the MRP system would need to support, (2) what
tasks that the intended users thought that a MRP system could not support and
(3) whether there was a potential in deploying MRP systems in homes. For this
reason, the study presented in Paper II was conducted. It presents the opinion
of 150 potential users of Giraff of varying ages and occupancies related to elder
care. When this study was conducted, the MRP system concept was a novelty
in Sweden. The Giraff had not appeared in public services. For this reason, it
was determined that conducting focus groups was not an appropriate method
to collect the desired information. Instead, a method in which the concept was
clearly illustrated was needed. Accordingly, a video-based evaluation method-
ology was used. The video showed how the MRP system Giraff could be used.
To ensure that it would be possible to compare the collected data between the
various groups included in the evaluation and that all evaluations would be
conducted under the same conditions, a questionnaire rather than focus groups
was used to obtain feedback on the video.

Finding participants for the study presented in Paper IV was difficult. In
total, ten elderly willing to participate were found via the Swedish National
Pensioners’ Organization (PRO). For this reason, an evaluation method that
could gather in-depth data was needed. A retrospective interview methodology
was chosen. While also other studies could have been conducted with elderly,
e.g. on how elderly naturally configure themselves spatially with respect to Gi-
raff, it was considered important to use the ten elderly to follow up on the
results obtained in the study presented in Paper III. There was in fact a mis-
match in between how these ten elderly would want to interact and how the
pilot users in Paper III had interacted. The mismatching results show that it is
important to study how a MRP system works from two perspectives.

6.2 Future work

All experimental evaluations in this compilation thesis have been conducted
with Giraff. It is possible that characteristics of the Giraff, e.g. its camera res-
olution, wide-angle view and the height of the robot, have influenced the qual-
ity of interaction. Even though the studies have been conducted in domestic
settings in elder care, that is with health care professionals and elderly, these
settings are not the only ones in which MRP systems are or can be used. MRP
systems have also been evaluated in office environments, health care and by sick
children attending classes in school. All tools that have been used to measure
the quality of interaction can be used to evaluate the interaction through any
MRP system. All of them are used for social communication between people
and all of them can be moved around by pilot users.

However, there is still a need to validate the modified presence dimensions
Co-presence and Attentional engagement by conducting experiments with more
participants since the questionnaire using the modified presence dimensions was
only filled in by 13 people.
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It is desirable to use more automatized methods to assess occurring spatial
formations since a subjective bias can be introduced while manually encoding
the different occurring spatial formations.

Since the automatic scripts that can be used to analyze the sociometric data
collected by the sociometric badges could not be used when analyzing the data
sampled during the study presented in Paper V, there is a need to improve the
automatic scripts. Scripts need to be developed so that the analysis can be run
between any two moments in time. The sociometric badges contain accelerom-
eters. Therefore, scripts that automatically separate the analyzed sociometric
data when the local user moves or stands still, are desirable since it was seen
in the study that a high activity in the interaction while maneuvering the Gi-
raff was associated by a lower perceived social and spatial presence. Similarly a
high activity in the interaction while standing still was associated with a higher
perceived social presence.

However, more experiments using the tools are needed in order to further
understand how the data collected by the different tools relate to each other. To
do this, experiments with a larger number of people and different MRP systems
are needed. Since a MRP system could have a different impact on previous work
processes, it is also important to conduct experiments in other contexts, such as
office environments and hospitals in which other qualitative factors may apply.

People sometimes ask “What do you need a MRP system for? Can you not
interact in the same way using a tablet PC instead?”. The spontaneous answer
is: No, you can not. The statement can be backed up by referencing to one of
the healthy elderly who has a Giraff at home for a long time in the ExCITE
project [10]. She sometimes bakes cookies or has coffee while communicating
with her son who lives in another time zone. She prefers doing these things
while interacting through Giraff rather than via Skype on her laptop. Findings
by O’Hara et al. [33] who analyzed everyday practices of using mobile video
telephony showed that one of the most common uses was to show something.
The users had problems with the switching of cameras on the mobile phone
and sometimes turned the mobile phone around instead of switching between
the cameras, something that resulted in poor image and sound quality. This
suggests that the added mobility in MRP systems could improve the quality of
the interaction, however studies comparing the quality of interaction in MRP
systems and tablet PC’s using presence and sociometric measures are needed
and could be a direction for future studies.

Whether MRP systems will be successfully deployed in homes of elderly re-
mains to be seen. Likely, the health care professionals’ attitudes towards the
technology will also play an important role in whether the technology pene-
trates the market or not. Despite the potential of MRP systems, it could also
be that history repeats. Research on the use of VMC systems in home set-
tings [29, 30] and mobile video telephony [33] has shown that they are mostly
used for communication with family and/or partners. Therefore, elderly could
prefer using MRP systems to communicate with close ones rather than with
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health care professionals. To me, the possible gain of using MRP systems is
larger in other application areas. Studies on usage of MRP systems at hospi-
tals have e.g. shown that the response times in emergency situations are short-
ened [138] and that the length of stay is reduced [139]. Such gains could likely
affect the health care professionals’ attitudes towards MRP systems.
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Appendix A

Questionnaire to students and

teachers

The questionnaire was used in study
1, presented in Paper II.

Socio-demographics
How old are you?

Which is your gender?
� Male � Female

Where were you born?
� In Sweden
� Not in Sweden, but in Europe
� Other:

If you were not born in Sweden, did you
stay the major part of your life in Sweden?
� Yes � No

What technological tools do you have ex-
perience in using? Check all alternatives
that are correct.
� Cellular phone
� Computer/Internet
� DVD/VHS
� Skype
� Nintendo Wii

� Digital camera

Now follows a set of statements about
computer usage, please circle the alterna-
tive that is most correct. 1 - I fully agree, 5
- I do not agree at all.

I see the usage of computers and internet
as a natural ingredient in my work.
1 2 3 4 5

I believe that the usage of computers and
internet in health care will increase in the
future.
1 2 3 4 5

Your preferred device when you sit down
and work at a workstation is to move the
mouse cursor with...
� ... the mouse � ... the touchpad

I am habituated to play computer games
and/or games on for example Playstation,
Wii, Xbox.
1 2 3 4 5

I prefer Skype over a normal telephone.
1 2 3 4 5
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Questions to all

Today you have received information about Giraff and other things as well as
how it can be used. Based on this information we want you to answer these
questions.

I think Giraff is aesthetically appealing.
1 2 3 4 5

If not, please state the reason/s, feel free to draw!

Based on the information you have received, do you think the system is usable?
1 2 3 4 5

If not, please state the reason/s:

Give suggestions of possible application areas where the Giraff could be used.

Questions to nursing students and
nursing teachers

Do you see that usage of the Giraff for
communication as a possibility to visit el-
derly in need of home care more often?
1 2 3 4 5

Do you see that Giraff could be used as
a tool for alarm operators to make a quick
health assessment?
1 2 3 4 5

Do you see that Giraff could be used to
demonstrate certain movements that a
caretaker need to perform during rehabili-
tation? For example, to show a movement
(think like in Wii) when the caretaker is
not at the ward and has forgotten how it

should be performed.
1 2 3 4 5

Now follows a set of questions regarding
technologies that could be included in the
Giraff.

Can you see the use of sensors to be used
of for example nurses to be able to make
a smaller assessment of health status of a
caretaker?
1 2 3 4 5

If you can see the use of sensors, please
give suggestions on these:
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Can you see that one could integrate a
thermometer to measure body tempera-
ture?
1 2 3 4 5

Can you see that one could integrate some-
thing like a Wii vitality sensor to measure
pulse and blood pressure? In other words
a spirometer
1 2 3 4 5

Can you see that one could integrate a
moist- and temperature sensor to measure
the indoor climate?
1 2 3 4 5

Questions to occupational therapy
students and health teachers in oc-
cupational therapy subjects

Can you imagine yourself using Giraff...

... for communication as a possibility to
visit elderly in need of rehabilitation more
often?
1 2 3 4 5

... to enthusiasm and motivate caretak-
ers to continue their rehabilitation?
1 2 3 4 5

...to control whether or not a caretaker
is performing the movements you have
shown in a correct way?
1 2 3 4 5

Do you see that Giraff could be used to
demonstrate certain movements that a
caretaker need to perform during rehabili-
tation? For example, to show a movement
(think like in Wii) when the caretaker is
not at the ward and has forgotten how it
should be performed.
1 2 3 4 5

Please suggest possible application areas
from an occupational therapy perspective:

Questions to audiology students and
health teachers in audiology subjects

Put yourself into the situation of an el-
derly who is in need of aid of different
types of caregivers such as nurses at home,
district nurses, security alarms and so on.
It is likely that many of the people in this
situation has a need for consultation re-
garding hearing aid.

Can you imagine yourself using Giraff...

... to have a first discussion regarding the
use of hearing aid?
1 2 3 4 5

... to enthusiasm and motivate such care-
takers?
1 2 3 4 5

Please suggest possible application areas
from an audiology perspective:

A set of statements representing thoughts
of possible functionalities of the Giraff
will now follow. We want you to give your
opinion regarding how useful each func-
tion would be.

I would like a function such that...
... what I say to the caretaker is texted on
the Giraff.
1 2 3 4 5

... what the caretaker says is texted in my
computer application.
1 2 3 4 5



84 APPENDIX A. QUESTIONNAIRE TO STUDENTS AND TEACHERS

... the Giraff calls for attention in the form
of light instead of sound when somebody
wants to connect.
1 2 3 4 5

I think the Giraff could work well for sign
language communication.
1 2 3 4 5



Appendix B

Questionnaire to novice pilots

v.1

The questionnaire was used in study 2, presented in Paper III.

Socio-demographics
How old are you?

Which is your gender?
� Male � Female

I have used Skype or similar systems for video calls. 1 - Not at all, 7 - To a very high
degree
1 2 3 4 5 6 7

I have these comments about the Giraff user interface. Write freely.

The questions in Part A-I to A-V orig-
inate in the TPI [68,78].

Part A-I Spatial presence
Please circle the alternative which is most
correct. 1 = Not at all, 7 = To a very high
degree.

To what degree did it feel like as if...
...the objects you saw were at the same
place as you?

1 2 3 4 5 6 7

...the person you met was at the same
place as you?
1 2 3 4 5 6 7

...you could reach out and touch the ob-
jects you saw?
1 2 3 4 5 6 7

...you could reach out and touch the per-
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son you met?
1 2 3 4 5 6 7

...you were inside the environment you
met?
1 2 3 4 5 6 7

...sounds came from different locations
in the environment?
1 2 3 4 5 6 7

I tried to touch the objects I saw.
1 2 3 4 5 6 7

I tried to touch the person I met.
1 2 3 4 5 6 7

Part A-II Social presence - Passive in-
terpersonal

I could see changes in facial expressions in
the person I met.
1 2 3 4 5 6 7

I could hear changes in tone of voice in
the person I met.
1 2 3 4 5 6 7

I could observe what clothes the person
I met wore.
1 2 3 4 5 6 7

I could see the body language of the per-
son I met.
1 2 3 4 5 6 7

Part A-III Engagement (Mental im-
mersion)
To what extent did you feel...

...mentally immersed in the experience?
1 2 3 4 5 6 7

...involved in the experience?
1 2 3 4 5 6 7

...that you engaged all senses?
1 2 3 4 5 6 7

...that what happened was reality?
1 2 3 4 5 6 7

...that the experience was relaxing?
1 2 3 4 5 6 7

...the experience was engaging?
1 2 3 4 5 6 7

Part A-IV Perceptual realism
The objects you saw...
...smelled like they would in reality.
1 2 3 4 5 6 7

...looked like they would in reality.
1 2 3 4 5 6 7

...sounded like they would in reality.
1 2 3 4 5 6 7

The person you met...
...smelled like it would in reality.
1 2 3 4 5 6 7

...looked like it would in reality.
1 2 3 4 5 6 7

...sounded like it would in reality.
1 2 3 4 5 6 7

Part A-V Social realism
A number of opposite couples will follow, please make a circle around the alternative
from 1-7 which you find most appropriate for your experience of interacting via the
robot.
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Remote 1 2 3 4 5 6 7 Immediate
Unemotional 1 2 3 4 5 6 7 Emotional
Unresponsive 1 2 3 4 5 6 7 Responsive
Static 1 2 3 4 5 6 7 Alive
Impersonal 1 2 3 4 5 6 7 Personal
Insensitive 1 2 3 4 5 6 7 Sensitive
Unsocial 1 2 3 4 5 6 7 Social

Ease of use

Here follows the scenario in which you
just participated which we believe is a re-
alistic scenario in your future usage of the
Giraff. Please circle the alternative which
is most correct. 1 = Very difficult, 7 = Very
easy

How did you think it was to...
...start the Giraff application?
1 2 3 4 5 6 7

...connect to the Giraff?
1 2 3 4 5 6 7

...leave the docking station?
1 2 3 4 5 6 7

...make a u-turn?
1 2 3 4 5 6 7

...find the person you met?
1 2 3 4 5 6 7

...stop?
1 2 3 4 5 6 7

...go backwards?
1 2 3 4 5 6 7

...follow the person you met?
1 2 3 4 5 6 7

...discover errors in the kitchen?
1 2 3 4 5 6 7

...help the person in the living room?
1 2 3 4 5 6 7

...hear the alarm from the bedroom?
1 2 3 4 5 6 7

...go back and dock the robot?
1 2 3 4 5 6 7

...hang up the call?
1 2 3 4 5 6 7

...hear what the person you met said?
1 2 3 4 5 6 7

...see the person you met?
1 2 3 4 5 6 7

...keep appropriate distance to the
wheelchair?
1 2 3 4 5 6 7

I estimate that the distance between me
and the wheelchair was approximately
(cm)...

The questions in Part C-I to C-V origi-
nate in the Networked Minds [67,77].

Part C-I Co-presence

Please circle the alternative which is most
correct, replace x with the person you met
via the robot. 1 = Not at all, 7 = To a very
high degree

I felt as if x and I were at the same place.
1 2 3 4 5 6 7

I think x felt that we were at the same
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place.
1 2 3 4 5 6 7

I was aware of that x was there.
1 2 3 4 5 6 7

X was aware that I was there.
1 2 3 4 5 6 7

I hardly noticed x.
1 2 3 4 5 6 7

X hardly noticed me.
1 2 3 4 5 6 7

I felt as if we were at different places rather
than at the same place.
1 2 3 4 5 6 7

I think that x felt as if we were at dif-
ferent places rather than at the same place.
1 2 3 4 5 6 7

Part C-II Perceived psychological en-
gagement - Attentional engagement

I paid close attention to x.
1 2 3 4 5 6 7

X paid close attention to me.
1 2 3 4 5 6 7

I was distracted from x when other things
were happening.
1 2 3 4 5 6 7

X was distracted from me when other
things were happening.
1 2 3 4 5 6 7

I tended to ignore x.
1 2 3 4 5 6 7

X tended to ignore me.
1 2 3 4 5 6 7

Part C-III Perceived psychological en-
gagement - Emotional contagion

My mood was influenced by x’s mood.
1 2 3 4 5 6 7

X’s mood was influenced by my mood.
1 2 3 4 5 6 7

When I was happy, x tended to be happy.
1 2 3 4 5 6 7

When x was happy, I tended to be happy.
1 2 3 4 5 6 7

When I was sad, x tended to be sad.
1 2 3 4 5 6 7

When x was sad, I tended to be sad.
1 2 3 4 5 6 7

When I was nervous, x tended to be ner-
vous.
1 2 3 4 5 6 7

When x was nervous, I tended to be ner-
vous.
1 2 3 4 5 6 7

Part C-IV Perceived psychological en-
gagement - Comprehension

I could communicate my intentions clearly
to x.
1 2 3 4 5 6 7

X could communicate his/her intentions
clearly to me.
1 2 3 4 5 6 7

My thoughts were clear to x.
1 2 3 4 5 6 7
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X’s thoughts were clear to me.
1 2 3 4 5 6 7

I could understand what x meant.
1 2 3 4 5 6 7

X could understand what I meant.
1 2 3 4 5 6 7

Part C-V Perceived behavioural inter-
dependence

My behaviour was a direct response to x’s
behaviour.
1 2 3 4 5 6 7

X’s behaviour was a direct response to
my behaviour.
1 2 3 4 5 6 7

What I did affected what x did.
1 2 3 4 5 6 7

What x did affected what I did.
1 2 3 4 5 6 7





Appendix C

Questionnaire to elderly

The questionnaire was used in study 4,
presented in Paper IV.

Socio-demographics
How old are you?

Which is your gender?
� Male � Female

Where are you born?
� Sweden � Europe but not Sweden
� Other:

Education, check the highest that applies.
� Secondary school � Upper secondary
school � University
� Other:

What technological tools do you have ex-
perience in using? Check all relevant alter-
natives.
� Cellular phone � Video communica-
tions systems � Computer/Internet
� Computer-/Video games � DVD/VHS
� Digital camera

How good do you rate your computer ex-
perience
� Good � Sufficient � Bad
Do you have problems with your eye
sight?
� Yes � No

Do you have problems with hearing?
� Yes � No
Do you wear glasses or lenses?
� Yes � No

Do you use hearing aid?
� Yes � No

Other comments:

Interview Guide Oral Interview. A
movie of the participant and the re-
spective step was shown before the
participant was asked to respond to
the questions.

Retrospective Interview for Step 1
1. How did it feel to talk to the one driving
Giraff?
2. How should Giraff have been turned?
(as it was now or differently)

On a scale 1-7 where 1 = Do not agree
at all and 7 = Fully agree
When the person in Giraff connected and
drove to meet you, it felt as if...
S1a. the person’s attention was directed at
you.
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S1b. the person was interested in meeting
you.
S1c. I would have wanted the person in
Giraff to be oriented in another direction.

Retrospective Interview for Step 2
3. How did it feel to talk to the one driv-
ing Giraff when it talked about the robot
Bestic and the chairs?
4. Did it feel natural to talk in the kitchen?
5. How should the Giraff have been
turned? (as it was now or differently)

On a scale 1-7 where 1 = Do not agree
at all and 7 = Fully agree
When the person in Giraff drove into the
kitchen and described the robot Bestic, it
felt as if...
S2a. the person really wanted to describe
what was there.
S2b. the person was focused at you.
S2c. the person really was thinking about
something else.

Retrospective Interview for Step 3
6. How did it feel to talk to the one driving
Giraff when it talked about the things that
were in the bedroom?
7. Did it feel natural to talk in the bed-
room?
8. How should the Giraff have been
turned? (as it was now or differently)

On a scale 1-7 where 1 = Do not agree
at all and 7 = Fully agree

When the person in Giraff drove into the
bedroom and described what was in there
it felt as if...
S3a. the person really wanted to describe
what was there.
S3b. the person was focused at you.
S3c. the person really was thinking about
something else.

Retrospective Interview for Step 4
9. How did it feel to talk to the one driv-
ing Giraff when it described the dosett and
paintings in the living room?
10. How should the Giraff have been
turned when you sat in the sofa (as it was
now or differently)?

On a scale 1-7 where 1 = Do not agree
at all and 7 = Fully agree
When the person in Giraff followed you to
the sofa again and talked to you if felt as
if...
S4a. the person really wanted to talk about
the dosett.
S4b. the person’s attention was directed
towards you.
S4c. the person really was thinking about
something else.
S4d. the person thought that it had been
nice to see you.
11. I felt comfortable with the tour in the
apartment.
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Questionnaire to novice pilots

v.2

The questionnaire was used in study 5,
presented in Paper V.

Socio-demographics How old are you?

Which is your gender?
� Male � Female

What hand are you writing with?
� Right � Left

What is your highest education?

What technological tools do you have ex-
perience in using? Circle all relevant alter-
natives
Cellular phone
Often � Sometimes � Never �

The same question was asked regard-
ing Video communication systems (e.g.
Skype), Computer/Internet, Computer-
/Video games, DVD/VHS and Digital
Camera.

How good do you rate your computer ex-
perience
� Good � Sufficient � Bad
Do you have problems with your eye
sight?
� Yes � No
Do you have problems with hearing?
� Yes � No
Do you wear glasses or lenses?
� Yes � No

Do you use hearing aid?
� Yes � No

Other comments:
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Ease of use

How did you think it was to... 1 = Very
difficult, 7 = Very easy
...start the Giraff application?
1 2 3 4 5 6 7

...connect to the Giraff?
1 2 3 4 5 6 7

...leave the docking station?
1 2 3 4 5 6 7

...make a u-turn?
1 2 3 4 5 6 7

...find the person you met?
1 2 3 4 5 6 7

...stop?
1 2 3 4 5 6 7

...go backwards?
1 2 3 4 5 6 7

...“look upwards”?
1 2 3 4 5 6 7

...follow the person you met?
1 2 3 4 5 6 7

...go back to docking station?
1 2 3 4 5 6 7

...know you were docked?
1 2 3 4 5 6 7

...hang up the call?
1 2 3 4 5 6 7

...hear what the person you met said?
1 2 3 4 5 6 7

...see the person you met?
1 2 3 4 5 6 7

I was happy with how the robot behaved.
0 = I do not agree at all, 4 = I fully agree
0 1 2 3 4

It was easy to learn how to handle the
robot. 0 = I do not agree at all, 4 = I fully
agree
0 1 2 3 4

It was easy to navigate with the robot.
0 = I do not agree at all, 4 = I fully agree
0 1 2 3 4

It was easy to make the robot do what
I want. 0 = I do not agree at all, 4 = I fully
agree
0 1 2 3 4

Concepts and language in the computer
application are easy to understand. 0 = I
do not agree at all, 4 = I fully agree
0 1 2 3 4

The robot’s movement was... 0 = Shaky,
4 = Smooth
0 1 2 3 4

The questions in Part A-I to A-V orig-
inate in the TPI [68,78].

Part A-I Spatial presence
Please circle the alternative which is most
correct. 1 = Not at all, 7 = To a very high
degree.

To what degree did it feel like as if...
...the objects you saw were at the same
place as you?
1 2 3 4 5 6 7

...the person you met was at the same
place as you?
1 2 3 4 5 6 7

...you could reach out and touch the ob-
jects you saw?
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1 2 3 4 5 6 7

...you could reach out and touch the per-
son you met?
1 2 3 4 5 6 7

...you were inside the environment you
met?
1 2 3 4 5 6 7

...sounds came from different locations
in the environment?
1 2 3 4 5 6 7

I tried to touch the objects I saw.
1 2 3 4 5 6 7

I tried to touch the person I met.
1 2 3 4 5 6 7

Part A-II Social presence - Passive in-
terpersonal

I could see changes in facial expressions in
the person I met.
1 2 3 4 5 6 7

I could hear changes in tone of voice in
the person I met.
1 2 3 4 5 6 7

I could observe what clothes the person
I met wore.
1 2 3 4 5 6 7

I could see the body language of the per-
son I met.
1 2 3 4 5 6 7

Part A-III Engagement (Mental im-
mersion)

To what extent did you feel...

...mentally immersed in the experience?
1 2 3 4 5 6 7

...involved in the experience?
1 2 3 4 5 6 7

...that you engaged all senses?
1 2 3 4 5 6 7

...that what happened was reality?
1 2 3 4 5 6 7

...that the experience was relaxing?
1 2 3 4 5 6 7

...the experience was engaging?
1 2 3 4 5 6 7

Part A-IV Object realism/Person real-
ism

The objects you saw...
...looked like they would in reality.
1 2 3 4 5 6 7

...sounded like they would in reality.
1 2 3 4 5 6 7

The person you met...
...looked like it would in reality.
1 2 3 4 5 6 7

...sounded like it would in reality.
1 2 3 4 5 6 7

Part A-V Social realism
A number of opposite couples will follow, please make a circle around the alternative
from 1-7 which you find most appropriate for your experience of interacting via the
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robot.

Remote 1 2 3 4 5 6 7 Immediate
Unemotional 1 2 3 4 5 6 7 Emotional
Unresponsive 1 2 3 4 5 6 7 Responsive
Static 1 2 3 4 5 6 7 Alive
Impersonal 1 2 3 4 5 6 7 Personal
Insensitive 1 2 3 4 5 6 7 Sensitive
Unsocial 1 2 3 4 5 6 7 Social

The questions in Part B-I to B-V origi-
nate in the Networked Minds [67,77].

Part B-I Co-presence

Please circle the alternative which is most
correct. Replace x with the person you met
via the robot.

1 = Not at all, 7 = To a very high de-
gree
I felt as if x and I were at the same place.
1 2 3 4 5 6 7

I think x felt that we were at the same
place.
1 2 3 4 5 6 7

I was aware of that x was there.
1 2 3 4 5 6 7

X was aware that I was there.
1 2 3 4 5 6 7

1 = Fully agree, 7 = Do not agree at all
I hardly noticed x.
1 2 3 4 5 6 7

X hardly noticed me.
1 2 3 4 5 6 7

I felt as if we were at different places rather
than at the same place.
1 2 3 4 5 6 7

I think that x felt as if we were at dif-

ferent places rather than at the same place.
1 2 3 4 5 6 7

Part B-II Perceived psychological en-
gagement - Attentional engagement

Please circle the alternative which is most
correct.

1 = Not at all, 7 = To a very high de-
gree
I paid close attention to x.
1 2 3 4 5 6 7

X paid close attention to me.
1 2 3 4 5 6 7

1 = Fully agree, 7 = Do not agree at all
I was distracted from x when other things
were happening.
1 2 3 4 5 6 7

X was distracted from me when other
things were happening.
1 2 3 4 5 6 7

I tended to ignore x.
1 2 3 4 5 6 7

X tended to ignore me.
1 2 3 4 5 6 7
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Part B-III Perceived psychological en-
gagement - Emotional contagion

Please circle the alternative which is most
correct.

1 = Not at all, 7 = To a very high de-
gree
My mood was influenced by x’s mood.
1 2 3 4 5 6 7

X’s mood was influenced by my mood.
1 2 3 4 5 6 7

When I was happy, x tended to be happy.
1 2 3 4 5 6 7

When x was happy, I tended to be happy.
1 2 3 4 5 6 7

When I was sad, x tended to be sad.
1 2 3 4 5 6 7

When x was sad, I tended to be sad.
1 2 3 4 5 6 7

When I was nervous, x tended to be ner-
vous.
1 2 3 4 5 6 7

When x was nervous, I tended to be ner-
vous.
1 2 3 4 5 6 7

Part B-IV Perceived psychological en-
gagement - Comprehension

I could communicate my intentions clearly
to x.
1 2 3 4 5 6 7

X could communicate his/her intentions
clearly to me.
1 2 3 4 5 6 7

My thoughts were clear to x.
1 2 3 4 5 6 7

X’s thoughts were clear to me.
1 2 3 4 5 6 7

I could understand what x meant.
1 2 3 4 5 6 7

X could understand what I meant.
1 2 3 4 5 6 7

Part B-V Perceived behavioural inter-
dependence

My behaviour was a direct response to x’s
behaviour.
1 2 3 4 5 6 7

X’s behaviour was a direct response to
my behaviour.
1 2 3 4 5 6 7

What I did affected what x did.
1 2 3 4 5 6 7

What x did affected what I did.
1 2 3 4 5 6 7
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