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Abstract. The European project Robot-Era is an ambitious integrated project
(FP7-ICT-2011.5.4), which objective is the development of advanced robotic
services, integrated in intelligent environments, to provide independent living to
older people.

In order to guarantee the matching of the users’ need and the demands, two
loops of experimentation were conceived, in realistic and real setting.

The aim of the paper is to described the methods applied and the main
results coming from the first experimental loop, concerning the degree of
usability of the interfaces and provide guidelines for testing socially assistive
robots with older people.
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1 Introduction

Due to the demographic increase of older people living alone and in need of care [1], a
large number of research projects have been focused on the development of robotic
services for ageing-well applications [2]. The support offered by the robotic applica-
tions can be related to mobility, providing household and safety maintenance and
continues monitoring [3, 4].

The complexity of the robotic systems required a careful methodological consid-
eration on how to properly approach the evaluation of the system usability and
acceptability, most of all in case of system tailored for older people.

The aim of the paper is to describe the methods applied and the main results coming
from the first experimental loop of the Robot-Era project (FP7-ICT-2011.5.4). As first
loop of experimentation, the analysis of the usability of the interfaces has deserved a
greater importance, in order to understand both the user- and the technology-oriented
improvements to be made for the technical improvement. Moreover, the interest of
exploring the results obtained has also to be seen in a methodological perspective,
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in order to understand which tool can be of support to collect useful data on the
usability of complex robotic systems, as the Robot-Era platform.

At this purpose, the aim of the paper is not only to report briefly the first results
obtained during the system validation, but to use an extract of the results to critically
analyze the methodological choices done and investigate how to implement it in the
view of the second experimental loop.

1.1 The Robot-Era Platform

The Robot-Era architecture integrates a multi-robot system able to work in different
environment such as outdoor, condominium and indoor [5]. It includes also a domestic
Wireless Sensor Network (WSN), constituting an Ambient Intelligence (AmI) infra-
structure, that supervises the home and localize the user. Other agents of the system
include the elevator and the user interface sub-system. The system is composed by
three different robots acting in three different environment.

The Domestic Robot (DORO) is designed to safely navigate in a domestic envi-
ronment. It is equipped with a robotic arm in order to take small objects. Multicolor
LEDs, mounted on the eyes, and speakers provided a feedback to the user. The robot
has a removable tablet that user could use for service requests.

The Condominium Robot (CORO) navigates between floors through the elevator. It
doesn’t have an arm, but it is mounted a roller mechanism in order to be able to
exchange goods with the Outdoor Robot.

The Outdoor Robot (ORO), designed on DustCart platform [6], is an autonomous
mobile robot for objects transportation in urban environment. It is equipped with a
container for the objects, a robotic head and a touch screen used primarily for
human-robot interaction and sensors for obstacle detection and localization.

The users interact with the system using a web-based interface (named Graphic
User Interface, GUI), from the DORO tablet or with a wearable microphone connected
with a speech recognition software module.

The services offered by the Robot-Era platform are shopping delivery, reminding,
communication, laundry, food delivery, object transportation and manipulation, gar-
bage collection, surveillance, indoor escort, outdoor walking support. For the purpose
of this paper, only the results of shopping delivery, reminding and communication
services will be presented. The GUI of the Robot-Era system is described in details in
Di Nuovo et al. [7].

2 Methodology

2.1 Recruitment and Quota Plan

The project focuses on a specific target group of elderly people, aged over 65 years old,
with moderate health problems and motor and cognitive deficits, living alone or with
their relatives but without a devoted caregiver.

Older people have to be able to communicate their use-preferences and opinions on
the Robot-Era services, actively participating in the technical development and design
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of the technologies. Within the target group of elderly people, different levels of
autonomy could be observed: High Level of User Autonomy (HLUA), Middle Level of
User Autonomy (MLUA) and Low Level of User Autonomy (LLUA).

A method to receive fundamental statements from smaller samples in qualitative
research is to set up a quota sampling [8], that means researchers are choosing the test
participants based on theoretical assumptions in condition to the research question [9].
By using quotas as an orientation an arbitrary sample composition based on subjective
criteria can be avoided. For the first experimental loop a number of 70 participants was
prescribed. For guaranteeing the comparability between the test sides (Italy and
Sweden) the sample has be divided into two equal samples (each consisting of 35
participants). The number of women and men was chosen differently because of the
different life expectancy of males and females [10]. These facts lead to the assumption,
that also a higher proportion of woman would potentially use the robots in the future.
The operative inclusion criteria of the first experimental loop were: Older people
aged ≥ 65 years old, positive evaluation of mental status at the Short Portable Mental
Status Questionnaire [11] (cut off to be enrolled = nr. Errors ≤ 3), autonomy in
performing daily activities with domestic tools, evaluated with the Instrumental
Activities of Daily Living by Lawton [12] (cut off to be enrolled = score > 2), absence
of psychiatric illness, substance abuse and communication impairments.

2.2 Tools for Measuring the Usability

Before developing the test protocol, a detailed analysis of the literature were conducted,
with aim of identifying the most appropriate tools and metrics to be applied [13].
The analysis of available theories on usability evaluation has resulted in the decision
of adopting a mix-methods approach, based on a quantitative and qualitative data
collection.

To evaluate the overall experience and usability of the Robot-Era services, a
qualitative usability test with use cases was set up. The participants tried to perform
predefined test tasks, which were oriented on use cases. These use cases [14] were
based on scenarios that were described in detailed step-by-step descriptions offered by
the technical partners. While executing the tasks, the test persons were observed by
experts who documented the difficulties. The usability test was combined with the
thinking aloud technique (TAL), [15]. The use of the thinking aloud method allows the
researcher to investigate in detail the overall user experience because people express
their feeling, thoughts and skepticism directly when using the system. Further the
Systems Usability Scale (SUS, 1996) [16] was used. This simple and not highly
detailed evaluation method uses a standardized form with ten questions to assess the
product’s usability, on a five-point Likert scale.

In order to deeply understand the quantitative data collected, two detailed phases of
video observation were conducted:

the first phase was aimed at evaluating the Human Computer Interaction (HCI) and
was mainly oriented to the users’ performance with the graphic user interface (GUI),
running on a devoted tablet;
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the second phase of observation was aimed at evaluation the overall acceptability
and Human Robot Interaction (HRI).

Before starting with the analysis, a set of indicators for acceptability and HRI was
selected for each service, starting from the definition of acceptability from the Unified
Theory of Acceptance and Use of Technology [17] based on 13 core constructs, whose
anxiety, attitude and perceived enjoyment were selected to be collected by users’ free
statements, as well as, the emotional reaction during the task execution, through the
non verbal communication. Regarding HRI, it was decided to guide the observation
through the analysis of the [18] head orientation (robot head, robot body, robot eyes,
experimenter, tablet), gaze (robot, experimenter, default), body orientation (robot,
experimenter, straight ahead), proxemics (approach robot, touch robot) as well as free
statements of the users on the robot and its features or emotional reaction to the robot
presence. The communication analysis for HRI was conducted by analyzing the
presence of specific codified events.

2.3 Settings of the Pilot Sites

The tests were performed in two different pilot sites: in Peccioli (Italy) and in Örebro
(Sweden). The setting with end-users in Peccioli was composed of indoor and outdoor
realistic environments. The indoor environment consisted of a real apartment in a
modern structure and the building consisted of two floors, the DomoCasa Lab. The
outdoor environment was around the building. The Ängen Research and Innovation
Apartments (Ängen-RIA) were situated in the Ängen healthcare complex in Örebro,
Sweden, including senior living apartments, a retirement home for elderly in need of
day-to-day care, and a local clinic.

3 Procedures

The experimental loop was conducted in Sweden and Italy, involving 67 older users.
The results of the three services are available for 35 Italian users and 22 Swedish users.
After the preliminary introduction, the interviewers presented the Use Cases to be
executed to the participants and explained how to perform the TAL, during the use.

The Use Cases identified for the shopping delivery service were:

– send the robot go shopping
– receive the delivery from the robot;
for the communication service:

– starting a video call;
– accept an incoming video call;
for the reminding service:

– create a new appointment/event;
– reminding of taking the medicine.
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Once completed all tasks, the SUS was administrated for each service. During
the execution of the test, the two phases of observation were conducted, through
videos [19].

4 Results

The subparagraphs below reported the results obtained by applying the different
methods. Concerning the results of the observation, they are still under elaboration by
the partners, so they are shown in the form of narratives, to offer qualitative insights to
the developers. Moreover, the evaluation of the communication service was negatively
influenced by the numerous technical failures of the systems during the testing phase,
not allowing a proper observation of the performance of the participants. Concerning
the shopping service, the results of the SUS are available only for the Italian sample.
Finally, the results of the video observation on the HRI and acceptability issues are
based only on the Italian sample analysis.

4.1 System Usability Scale and Thinking a Loud

In order to get an overall usability index, the SUS score is ranged from 0 to 100. From
the literature [20], the following cut off were chosen, to analyze the level of the
services: not usable (score < 65), usable (65 ≤ score < 85) and excellent (score ≥ 85). In
addition to the overall evaluation of the services usability, the results of relevant
statements were presented, whose scores are ranged from 1 to 5, as described in
paragraph 3.2. As regards the overall usability of the shopping delivery service, the
results of the Italian sample (n = 35) show that the proposed system is not usable for 6
elderly volunteers (M = 50.83; SD = ± 7.85), while it is usable for 8 of them
(M = 77.81; SD = ± 6.74) and excellent for 21 participants (M = 90.71; SD = ± 4.04).
In particular, elderly people are neither agree nor disagree about using this service
frequently (M = 3.40; SD = ± 1.35). However the participants report that the GUI for
the shopping service is easy to use (M = 4.03; SD = ± 1.32), and only 3 of them think
that they would need the support of a technical person to use it. About communication
service, 2 users of the Italian sample (n = 35) reported that the interface was not usable
(M = 41.25; SD = ± 15.91), while it was considered usable for 10 users (M = 77.75;
SD = ± 4.92) and excellent for 23 of them (M = 92.83; SD = ± 4.90). In addition, the
results from the Swedish participants (N = 22) have shown that the communication
service is considered not usable for 6 elderly volunteers (M = 50.00; SD = ± 19.17),
while it is usable for 8 of them (M = 71.88; SD = ± 6.59) and excellent for 8
participants (M = 93.75 SD = ± 5.89).

Overall, it can be said that all the 57 users would be enough disposed to use the
communication service without the support of a technical person, perceiving the task as
very easy (IT users M = 4.49; SD = ± 0.92, SE users M = 3.73; SD = ± 1.42). Con-
cerning the reminding service, the Italian results (N = 35) have shown that it was
considered not usable for 6 users (M = 40.83; SD = ± 14.72), while it is usable for 10
users (M = 70.25; SD = ± 3.43) and excellent for 51.52 % of the sample (M = 96.62;
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SD = ± 4.41). The reminding service was also tested by 18 Swedish users and it was
considered mainly not usable for 55.56 % of the sample (M = 36.75; SD = ± 19.58),
while it was considered usable for 6 users (M = 78.33; SD = ± 4.65) and excellent only
for 2 of them (M = 87.50; SD = ± 3.54).

In the case of the Robot-Era first experimental loop, the TAL has produced not
relevant information, mainly in the case of the Italian sample. Despite the positive
results achieved at the SUS, that have suggested a highly degree of usability of the
GUI, the qualitative analysis have highlighted some discrepancy, as detailed below.

4.2 Qualitative Usability Evaluation

During the experimentation videos were taken from three different perspectives, which
show the test person, the robot and the interaction on the tablet interface. The evalu-
ation of the usability of the Robot-Era System is mainly based on a video-interaction
analysis [21] of the experimentation.

All videos taken during the experimental loop were analyzed service by service.
The analysis was conducted as an explorative content analysis [22] and was validated
through multiple experts in the field of usability studies. After the selection of usability
problems was made, the problems were classified and weighted with regard to inter-
national usability standards and norms (e.g. EN ISO 9241-110).

To weight a usability problem the following benchmarks were used:

– Frequency of occurrence of the problem
– Influence of the problem on fulfilling the task – Was it possible for the user to

complete a task or not?
– Potential of learning from the users side.

The problems then were classified from 1 (no usability problem) to 5 (major
usability problem).

Usability problems related to the shopping delivery service are:
– Difficulties in understanding the concept of creating a shopping list
– Difficulties in entering the shopping list
– Difficulties in recognizing the food icons correctly
– Difficulties in finding the items under the correct category
– Purchasing more than one item
– Confusion about the ending of the task

For the communication service, no strong usability problems can be identified
during the test, even if the observation was negatively influence by the system failures.
Regarding the reminding service, older people failed in changing the title of the
reminder, due to the fact that it was presented by a drop-down menu, where the other
options are hidden. The standard title of the reminder is “Medicine”. The other options
“Telephone” and “Generic Alert” are only shown when the person opens it. The person
did not expect that there were other options too.

558 R. Bevilacqua et al.



4.3 Overall Acceptability and HRI Evaluation

The results reported are based on the evaluation of the Italian sample video analysis
(N = 35). For the shopping service, 12 subjects were focused mainly on the robot with
the head, eyes and body orientation. In one case, the user started walking around the
robot for looking better at him, moving close around DORO. At the same time, 12
subjects were more oriented to the tablet, suggesting that the use of the GUI would
have distracted them from the interaction with DORO. In 5 cases, it was not possible to
collect the information, for the technical failure of the system. Only one user touched
the fingers of the robot, as she was looking for more interaction with it, as shown also
by her statements [“I’d like the robot has a human-like arm, to be adapted to my
apartment”; “The robot is very nice”]. From an analysis of the communication, the
majority of the users seems to like DORO and look for more speech communication
with him [“Is it possible to use a courtesy communication?”, “I think that it is better if
the robot has the vocal command, because if I have to stay in bed, it is difficult to take
the tablet”, “I think I like more the robot, while tablet is still a little complicate for me.
I need to exercise more”], while no one expressed openly preferences for the tablet
interface. Concerning the reminding services, the principal mean of interaction was
constituted by the GUI on the tablet. From the observation, it was found that just the
users with a higher technological literacy were able to perform autonomously the task –
9 out of 35 –. This has influenced the acceptability of the service, that sometimes was
felt as too complicated [“The menu really does not work for me!”, “I don’t understand
this – tablet -”,”It’s too difficult for me!”, “You should do too many things for
reminding something!”]. It can be understood that the majority of the sample has
looked for the step by step support from the experimenter – 14 users -. The more skilled
users have given input on what can be done to ameliorate the service satisfaction
[“Aesthetically, it should be more similar of the shopping list, so you can choose what
to remind trough icons”] and the robot communication capability for this service
[“Why DORO does not say more things? For example, he can remind me also who I
have to call to”]. Even if they were more concentrated on the tablet, many users have a
good HRI, as shown by the adoption of a very friendly communication to DORO
[“Many thanks DORO!”, “I really need you, DORO!”] and free statements on its
features, especially the eyes [“DORO has a really “intelligent” eyes”,”DORO has a
funny eyes”]. In addition, an affective reaction to the robot was detected in one user
[“It seems a person, it is a companion!”].

5 Conclusion

The different number of users involved in each method represents the most relevant
limit to the validity of the results. Nonetheless, some considerations can be made on the
methodological point of view, that can be of usefulness for improving the future
assessment.

First of all, it was observed an inconsistency between the results obtained at the
shopping delivery service: even if the SUS score shows a high degree of usability of
the GUI, the video interaction analysis and the HRI and acceptability observation have
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depicted a different situation: users needed the support of the experimenter nearly step
by step to complete the task. Concerning the communication service, even if the system
failed many times due to technical issues, the users seems to really appreciate it, in
contrast with the literature in the field of technology usability and acceptability [23].
Only the results obtained at the reminding service seems to be confirmed both at the
quantitative and qualitative evaluation.

Despite the limit of the analysis already expressed at the beginning, it seems that a
mix-method approach should be highly recommended, in order to deeply understand
the results, avoiding the effect of social desirability on the answers given by the older
users, for example [24].

From this first experience, it can be also observed that the choice of the appropriate
method to adopt should be also guided by the end-users characteristics, in particular the
technological affinity and the cultural predisposition to the task prescribed by the
method. For example, the TAL method has produced not relevant results in the case of
the Italian sample, maybe due to the unusual double-task for this population and the
limited technological literacy that may have affected the overall use [23].

The HRI and acceptability observation has also highlighted the preference of the
users in interacting more with the robot: the opportunity of using vocal command for
completing the service is highly suggested for improving the overall system usability,
switching the attention from the HCI to HRI.

From the statements of the users, in fact, it is interesting to notice the need of more
social interaction, maybe mediated by the specific characteristics of the technology.
Robots, in fact, may evoke in the users the feeling of empathy and reciprocity, fol-
lowing the theory of mind paradigm [25].

Due to this, a new metrics and benchmarks definition is conceived for the second
loop, in which a higher attention is given to the Social Presence dimension [26],
through combining different methods.
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