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EXECUTIVE SUMMARY 
 
 

The aim of the evaluation phase with potential users is to investigate and measure effectiveness, 

usability and acceptability of the advanced prototype to generate feedback for improvement.  

This document reports results of the validation process of the SRS prototype with users.  
It reports results achieved so far in five main SRS testing steps involving users:  

¶ the first one specifically concentrating on arm manipulation and UI-PRO visualization, led by 

INGEMA and ROBOTNIK and carried out in San Sebastian; 

 

¶ the second one, carried out in Stuttgart an led by HDM and IPA concentrating on the technical 

issues emerging in a real home environment, a necessary pilot study to prepare the main set of 

tests of the whole prototype; 

 

¶ the third one, carried out in Milan and led by FDGCO and CU. It collected full information of the 

integrated prototype related both to potential users perception and to technical effectiveness. 

Results showed high level of interest with respect to the potential of the system and high level of 

acceptance. Nevertheless the results of Milan tests showed that the state of SRS system was not 

fully sufficient to make people consider it as a product ready for adoption, and also usability of 

interfaces could be further improved especially on UI-PRO. The interface obtained lower scores on 

successful indicators specified in D6.1. For the reason, an further investment of technical 

development was carried out and two additional iterations of testing were planned as follows; 

 

¶ the fourth one, carried out in San Sebastian by INGEMA and ROBOTNIK, specifically concentrating 

on arm manipulation and UI-PRO visualization with the interface updated after the first trials. 

During San Sebastian tests, objective measurements - regarding task completion, number of errors 

made, number of questions asked by users, hints needed - showed the improvement of the system 

in the usability related measurements, with one exception on time. Mainly, the slow speed of ǘŀǎƪǎΩ 

performance can be frustrating for end users. With SRS development, the number of functionalities 

of the robot was significant expanded, the robot can currently automatically detect the object, gets 

near to the object in an optimal and safe position, etc. All of these processes have their 

computational cost that reflected in the execution time; 

 

¶ the final one, carried out in Stuttgart by FRAUNHOFER, HDM, BUT, concentrating on the further UI-

PRO developed, specifically on the weakness identified in the Milan test. During Stuttgart tests 

users were able to complete manipulation and navigation tasks in 100% of the cases, meaning that 

the user interface was highly effectiveΦ wŜǎǳƭǘǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳΩǎ ǳǎŜŦǳƭƴŜǎǎ ŀǊŜ ŜƴŎƻǳǊŀƎƛƴƎ ŀƴŘ 

show a vast improvement over the previous study. All average ratings were well above neutral (4) 

with some reaching close to maximum values. With the final test, successful indicators specified in 

SRS D6.1 has been achieved with the project period. 
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Overall the SRS system was perceived interesting and potentially very useful by all user groups during 

the succession of tests performed. Acceptance is high and this can be highlighted as the result obtained 

in tests with the integrated prototype. Elderly people and private caregivers were more enthusiastic 

about the novelty represented by SRS system; professional operators were also impressed with the 

latest revision of the SRS interfaces using Space Navigator and Stereo Vision.   
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1 INTRODUCTORY SECTION: PURPOSE OF DOCUMENT AND 

CONTENTS 

The present document reports a detailed description of user validation results achieved. The validation 
phase was designed in a way that allowed investigating effectiveness, usability, and acceptability during 
incremental and complementary stages by analyzing some specific features and the entire prototype, so 
as to generate feedback for improvement.  
The test sites settings predisposition, plan for ethical and safety issues, research questions addressed, 
experimental protocol description, and validation methods adopted were already reported in D6.1-b.  
Each chapter of the present document reports a detailed description of results obtained in each test 
session; in particular:  
Chapter 2 reports arm manipulation and RO-PRh ǾƛǎǳŀƭƛȊŀǘƛƻƴ ǘŜǎǘǎΩ ǊŜǎǳƭǘǎΣ carried out in San Sebastian, 
to address the main behavior of the robot with real users.  
Chapter 3 reports the first real home environment case test results, carried out in Stuttgart, to address 
first SRS experience outside the laboratory and the first users impressions.  
Chapter 4 reports results about advanced SRS prototype tests, carried out in Milan, to address the 
integrated SRS functionalities and the scenarios effectiveness with a sample of real users in a home 
environment.  
Chapter 5 reports results of the updated UI-PRO interface tests, carried out in San Sebastian by INGEMA 
and ROBOTNIK, specifically concentrated on arm manipulation and UI-PRO visualization. After the first 
trials (chapt. 2), several usability suggestions were made. The interface was adapted according to the 
suggestions in close contact between user partners and technical partners. 
Chapter 6 reports results of the final test session, carried out at Fraunhofer IPA in Stuttgart, 
concentrating on UI-PRO developed as part of the EEU extension to obtain user opinions and ratings, 
determine usability issues, and assess the overall utility and suitability of the solution for remote 
navigation and manipulation by operators in a call center. 
Chapter 7 reports conclusions of the deliverable. 

 

2 MANIPULATION TESTS AND VISUALIZATION TESTS 

2.1 MANIPULATION TRIALS 

Manipulation and visualization tests in San Sebastian were conducted in January 2012 with the aim of 
address the main peculiarities of the robotic arm with real users.  
For the trials, according to mobility problems of the participants, the Rehabilitation Service facilities 
were prepared for on-site testing. In concrete, we used one of the extensive exercise rehabilitation 
gymnasiums of the Matia Hospital (Figure 1). The rehabilitation gymnasium is oriented at the 
physiotherapy and rehabilitation of patients of early injured elderly people. This service aims to provide 
support and professional training to patients that have underwent stroke, ictus, hip fracture, lower and 
upper limbs fracture, traumatic injuries, etc.  
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FIG. 1 a!¢L! Ih{tL¢![Ω{ w9IABILITATION GYMNASIUM 

In these trials, we have combined ad-hoc questions with a validated test, the AttrakDiff (Laugwitz, Held, 
& Schrepp, 2008), selected to measure user experience in a simple and immediate manner (details 
about protocol development can be consulted in D6.1).  

2.1.1 PARTICIPANTS 

Lƴ ǘƘŜ aŀƴƛǇǳƭŀǘƛƻƴ ǘǊƛŀƭǎΣ ǿŜ ŎƻƭƭŜŎǘŜŘ Řŀǘŀ ŀōƻǳǘ ŦǊŀƛƭ ŜƭŘŜǊƭȅ ǳǎŜǊǎΩ ǎǳōƧŜŎǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴ ƻƴ ǘƘŜ 
robotic arm on tasks based on grasping movements. We recruited 14 patients of the Rehabilitation 
Service of Birmingham Hospital - Matia Foundation. They were 10 woman and 4 men. Their mean age 
was 79.14 (st. dev. = 9.607), maximum 92 years and minimum 60 years . They studied a mean of 8.79 
years (st. dev. = 4.21), maximum 17 years and minimum 4 years. As expected, men were slightly younger 
than women (Men 71.75 years, st. dev. = 12.53; women 82.10 years, st. dev. = 6.84), although years of 
education were similar (Men8,23 years, st. dev. = 6.13; women 9 years, st. dev. = 3.59).  
All of them presented mobility problems in lower limbs, and some of them also in upper limbs. As 
reported in D6.1, we have used two frailty index in order to compare them: the Barber test, used 
previously in other user studies within this project, and the SHARE-FI, a more recent and potentially 
more accurate index based on data from SHARE - Survey of Health, Ageing and Retirement in Europe. 
Mean score in the Barber test was 3.36 (st. dev. = 1.01, maximum 5, minimum 1). Apart for the 
maximum score in hospitalization, 42,9% of the participants live on their own, 21,4 % do not have a 
relative to call on for help, 50% depend on someone for regular help, 64,3% are concerned about their 
health, 28,6% have difficulties with vision and the same percentage have difficulties with hearing. None 
of the participants reported problems to have a hot meal and only one participant, the one with the 
higher frailty score, reported to be confined to her home.  
Mean score in the SHARE Frailty Index was 2,51, with 7 participants obtaining a Frail score, 5 
participants a Pre-Frail score and 2 Non-Frail. Nevertheless, the SHARE-FI index presents some 
limitations in this population, especially because of the high weight of the item about frequency of 
physical exercise, which is high in persons attending a rehabilitation service. In line with this 
observation, SHARE-FI score correlates only moderately with the total score in the Barber test (r=0.352).  
Some participants could present mild cognitive impairments, although only one presented suspicious of 
possible dementia (Mini-Mental State Examination < 23). Regarding their subjective perceptions, they 
provided average responses about their memory capacity compared to the rest of the society and with 
their capacity in the past.  
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As expected, most of them use TV and telephone / mobile phone daily; they use washing machines, 
dishwashers and vacuum cleaners frequently; and they never or very rarely use smart phones, PC or 
laptops.   

2.1.2 USABILITY AND ACCESSIBILITY 

Regarding the usability and accessibility assessment, we should take into account that these trials only 
shown the capabilities of the system to the users instead letting them use it by themselves. This 
demonstration of the systeƳΩǎ ǳǎŀōƛƭƛǘȅ ŀƴŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ōŜŎƻƳŜǎ ŘƛǊŜŎǘƭȅ ǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ŀŎŎŜǇǘŀōƛƭƛǘȅΦ 
However we will distinguish this part related to the direct usability scenario acceptability and will 
ŘŜǾŜƭƻǇ ōŜƭƻǿ ǘƘŜ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎƻƴŎŜǇǘ ŀǎ ǘƘŜ ƎŜƴŜǊŀƭ ǎȅǎǘŜƳΩǎ ŀŎŎŜǇǘŀōƛlity concept.  
The system was presented to the user catching a cocoa storage jar in front of him (Figure 2). The system 
worked well in 12 out of 14 times catching the tin. 2 times the system needed to be restarted because it 
was jammed grabbing the tin; and worked well 13 out of 14 times releasing the tin. The system dropped 
the tin in the remaining one. 

 
FIG. 2 MANIPULATION TRIALS !¢ a!¢L! Ih{tL¢![Ω{ REHABILITATION GYMNASIUM 
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One observational category with three conditions was established to definŜ ǘƘŜ ǳǎŜǊǎΩ ŜƳƻǘƛƻƴŀƭ 
reaction to the system. Verbal, facial expression and position were used to establish the emotional 
reaction. Relaxed, Nervous and Scared were the three observational categories chosen. The users were 
all relaxed in front of the robotic arm. Apart from that, several users reacted to the arm by trying to 
touch the fingers or catch the tin, showing curiosity for the system. 

When the users were confronted to the robot arm functionality several users stated their opinions 
spontaneously, the others that did not stated, were asked specifically. Below, we can find the users 
verbal behavior: 

ω άLǘΩǎ ǾŜǊȅ ƛƴǘŜǊŜǎǘƛƴƎέΦ 

ω άLǘ ǎƘƻǳƭŘ ōǊƛƴƎ ǘƘŜ ǎǘǳŦŦ ƴŜŀǊŜǊέΦ He is confident that the system works wellΦ ά¢ƘŜ ƛŘŜŀƭ ǿƻǳƭŘ 
be to have this thing that brings everything nearer. It could feed me, but that would need more care and 
ǎǳǇǇƻǊǘΦ Lǘ ǎƘƻǳƭŘ ƘŀǾŜ ǿƘŜŜƭǎέ  

ω άLǘ ƛǎ ƴƻǘ ōŀŘ ŦƻǊ ŀ ǇŜǊǎƻƴ ǘƘŀǘ ƭƛǾŜǎ ŀƭƻƴŜΦ ²ƛǘƘ ŀ ŎƘƛƭŘ ŀǘ ƘƻƳŜ ƛǘ ǿƻǳƭŘ ōŜ ŀǎ ŀ ǘƻȅέ 

ω  άLƴ Ƴȅ ǎƛǘǳŀǘƛƻƴ ƛǎ ǳǎŜƭŜǎǎΦ ²Ŝ ƭƛǾŜ ǘƘǊŜŜ ōǊƻǘƘŜǊǎ ŀǘ ƘƻƳŜΣ ƻƴŜ ǿƛǘƘ  !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜΣ ƻƴŜ 
widow and me. All of we older than 80 years old. In our home it would be useless. Fantastic for 
ƻǘƘŜǊǎΣ ŀ ƎƻƻŘ ƛƴǾŜƴǘƛƻƴ ǘƘŀǘ Ŏŀƴ ōŜ ǾŜǊȅ ǳǎŜŦǳƭ όŦƻǊ ƻǘƘŜǊǎύέΦ 

ω The user stated that do not see the system useful, at last meanwhile he was able to perform the 
activities autonomously. 

ω Ϧ²Ƙŀǘ ŀ ǎƳŀǊǘ ǘƘƛƴƎΗ ¢ƘŜǊŜ ŀǊŜ ǎƻ Ƴŀƴȅ ƎƻƻŘ ƛƴǾŜƴǘƛƻƴǎ ǘƻŘŀȅΧέ  

ω The user commented the movement while the robotic arm was performing. The robotic arm 
seems useful to him. He states that he would use it but only if he has money to buy it. 

ω ά9ǾŜǊȅǘƘƛƴƎ ƳƻŘŜǊƴ ƛǎ ƎƻƻŘΦ Lǘ ǿƻǳƭŘ ǎǳǇǇƻǊǘ ƘŜŀƭǘƘέ 

ω άLǘ ǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ ŦƻǊ ǎŜǾŜǊŀƭ ǘƘƛƴƎǎέ He would prefer to interact directly with the system 
instead of having other people controlling it. 

ω άaŜŀƴǿƘƛƭŜ ǘƘŜǊŜ ǿŀǎ ŀ ǇŜǊǎƻƴ ǘƘŀǘ ƛǎ ƴƻǘ ŀōƭŜ ǘƻ Řƻ ǘƘƛƴƎǎ ōȅ ƘƛƳǎŜƭŦ ƘŜ ƭƛƪŜǎ ƛǘΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ 
ǎǘŜǇ ƛǎ ǘƻ ƎŜǘ ōŀŎƪ ǘƘŜ ǎǘǳŦŦ ǘƻ ƛǘǎ ǇƭŀŎŜΦ Lǘ ƛǎ ǳǎŜŦǳƭ ŦƻǊ ŀ ǇŜǊǎƻƴ ǘƘŀǘ ƭƛǾŜǎ ŀƭƻƴŜέΦ 

ω "Cool". The user liked it and asked questions about the robotic arm. 

ω άLǘΩǎ ƳŀǊǾŜƭƻǳǎΣ ōǳǘ ƛǘ Ŏŀƴƴƻǘ ōŜ ŀǘ ƘƻƳŜΦ Lǘ ǎŜŜƳǎ ǘƻ ōŜ ŀ ǘƻȅ ŀƴŘ ƛǘΩǎ Ŧǳƴƴȅ ǘƻ ǎŜŜ Ƙƻǿ ƛǘ 
ǿƻǊƪǎΦέ She does not think that the system is useful. She stated that to have a deeper 
understanding of the system she should see the system working in more situations. 

ω ά¢ƘŜ ǎȅǎǘŜƳ ƛǎ ŦŀƴǘŀǎǘƛŎ ōǳǘ ƎƛƎŀƴǘƛŎέΦ The user stated that the system would be very useful for 
him, and ask more of the system capabilities. 

We can concretize qualitative information collected in the following topics: 

ω The system is perceived as useful, as far as the person lives alone and is not fully autonomous. 
Although all the participants have daily living difficulties related to their mobility problems, they 
still claim that the system will be only useful άƳŜŀƴǿƘƛƭŜ ǘƘŜǊŜ ŀǊŜ ŀ ǇŜǊǎƻƴ ǘƘŀǘ ƛǎ ƴƻǘ ŀōƭŜ ǘƻ 
Řƻ ǘƘƛƴƎǎ ōȅ ƘƛƳǎŜƭŦέ (or herself), showing a certain perception of autonomy even in dependent 
older adults. 

ω The system is interesting, interest on technology. 

ω Participants point to some difficulties (i.e. the size of the robot and its cost). 
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2.1.3 ACCEPTANCE 

In spite of the peculiar appearance and technological restrictions of the robotic arm presented, the 
system did not evoke responses of fear or rejection in the participants (see Table 1). Users do not seem 
afraid of the system and their behavior shows that they think that the system is safe.   

 

TAB. 1 FREQUENCY OF FRAIL O[59w !5¦[¢{Ω w9{thb{ES IN THE ATTRAKDIFF FOR THE MANIPULATION TEST. 

 1 2 3 4 5 6 7  

Annoying - - - 4 1 7 2 Enjoyable 

not 
understandable 

7 4 - 3 - - - Understandable 

creative  8 5 1 - - - - Dull 

easy to learn  5 5 1 - 1 2 - difficult to learn 

valuable  9 1 2 1 - 1 - inferior 

boring  1 - - 2 4 4 3 exciting 

not interesting 1 - - 1  5 7 interesting 

unpredictable - 2 - - 3 3 5 predictable 

Fast 4 3 1 5 1 - - slow 

inventive  4 6 1 2 1 - - conventional 

obstructive  - - - 4 1 2 7 supportive 

good  7 4 1 1 - 1 - bad 

complicated  - 1 1 2 4 4 2 easy 

unlikable  - 1 - 5 1 5 2 pleasing 

usual  - 1 - 1 2 5 5 leading edge 

pleasant  3 5 - 5 - 1 - unpleasant 

secure  6 6 - 2 - - - not secure 

motivating  3 5 1 2 1 - 1 demotivating 

meets 
expectations 

5 6 1 1 - -  does not meet 
expects. 

efficient  7 4 3 - - - - inefficient 

Clear 6 4 3 - - - - confusing 

impractical  - - - 2 1 5 5 practical 

organized  4 6 - 2 - 1 - cluttered 

attractive  4 8 - - 5 - - unattractive 

Friendly 2 4 2 3 1 - - unfriendly 

conservative - 1 - 2 - 7 3 innovative 
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Regarding acceptance ad-hoc questions (Table 2), we obtained: 

- A higher percentage of participants with positive responses (Likely and Very likely) in items 1, 2, 3 and 
6, showing a majority of positive perceptions about the functionalities of the robotic arm and the 
intention to use it.  

- A higher percentage of participants with negative responses (Very unlikely and Unlikely) in items 4 and 
сΦ bŜƎŀǘƛǾŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ƛǘŜƳ п όάbƻǘ ƘŀǾŜ ǘƻ Řƻ ŜǾŜǊȅǘƘƛƴƎ ōȅ ƳȅǎŜƭŦέύ ŎƻǳƭŘ ǊŜŦƭŜŎǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 
autonomy and sense of independence in this population. Negative responses to ƛǘŜƳ р όάL ƭƛƪŜ ǘƻ ǳǎŜ ǘƘƛǎ 
ƪƛƴŘ ƻŦ ŀǇǇƭƛŀƴŎŜǎέύ ǎŜŜƳ ǘƻ Ǉƻƛƴǘǎ ǘƻ ŀ ƭŀŎƪ ƻŦ ǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀŎŎŜǇǘŀƴŎŜ ŀƴŘ ǎǳōƧŜŎǘƛǾŜ ŜȄǇŜǊƛŜƴŎŜ 
with technology, that it is going to be analyzed in more detail in D6.2. 

- An equal percentage of participants with positive ŀƴŘ ƴŜƎŀǘƛǾŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ƛǘŜƳ т όάL ǿƻǳƭŘ ōǳȅ ǘƘƛǎ 
ǎȅǎǘŜƳ ǿƘŜƴ ƛǘ ōŜŎƻƳŜǎ ŀǾŀƛƭŀōƭŜέύΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ƛƴ ǘŀǎƪ сΦп {w{ /ƻǎǘ-
effectiveness Assessment & Socio-economic Implications. 

 

TAB. 2 FREQUENCY OF FRAIL h[59w !5¦[¢{Ω w9{thbSES TO ACCEPTABILITY ISSUES IN THE MANIPULATION TEST 

 Very 
unlikely 

Unlikely Neutral Likely Very 
likely 

1. In general, would you use the 
functionalities? 

3 1 1 5 3 

2. The robotic arm can help me to 
achieve goals in my daily routine 

2 - 3 4 5 

3. More control over my daily life. 4 - 4  6 

4. Not have to do everything by myself 5 2 3 3 1 

5. I like to use these kind of appliances 5 2 4 3 - 

6. I would use this system when it 
becomes available 

2 1 4 6 1 

7. I would buy this system when it 
becomes available 

5 1 2 3 3 

 

Regarding qualitative information, several users stated opinions expanding their statements: 

ω άLǘ ƛǎ ƴƻǘ ŦǳƴƴȅΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘέΦ 

ω άL ƘŀǾŜ ƴŜǾŜǊ ǎŜŜƴ ǎƻƳŜǘƘƛƴƎ ǎƛƳƛƭŀǊέΦ 

ω άLǘ Ƙŀǎ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ŘƛǎŀŘǾŀƴǘŀƎŜǎΣ ƛǎ ƘǳƎŜ ŀƴŘ it would be weird to have it at home if the 
ǇŜǊǎƻƴ Ƙŀǎ ŎƻƎƴƛǘƛǾŜ ƛƳǇŀƛǊƳŜƴǘέΦ 

ω άLǘ ǎŜŜƳǎ ǘƻ ōŜ ǳǎŜŦǳƭ ŀƴŘ ƛǘǎ ǿƻǊƪƛƴƎ ǎŜŜƳǎ Ŝŀǎȅ ǘƻ ƭŜŀǊƴέΦ 

ω άLǘ ǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ ƛŦ ƛǘ ƘŀǾŜ ǘƛƳŜǎ ŀƴŘ ǇƭŀŎŜǎ ƻŦ ǿƻǊƪƛƴƎέΦ 

ω άŀǎ ŀ ǎǘǊǳŎǘǳǊŜ ƛǎ ƴƻǘ ǇǊŜǘǘȅέΦ 

ω άhƴŜ ǎƘƻǳƭŘ ƭŜŀǊƴ Ƙƻǿ ǘƻ ǳǎŜ ƛǘέ 

ω άLǘ ƛǎ ǾŜǊȅ ōƛƎ ŦƻǊ ŀ ƘƻǳǎŜέΦ 
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Summarizing the opinions of the users regarding the system, it is useful if you are alone and cannot 
move, it is big for an apartment and they are worried about how to learn to use it, but they would be 
willing to learn to use it. Qualitative responses and comments of the participants seem to confirm that 
they would like to use the system όάL ǿƻǳƭŘ ǳǎŜ ƛǘ ƛŦ L ǿƻǳƭŘ ƴŜŜŘ ƛǘέΣ ά9ǾŜǊȅǘƘƛƴƎ ƴŜǿ ƛǎ ƴƛŎŜΦ Lǘ ǿƛƭƭ ōŜ 
ƘŜƭǇŦǳƭ ǘƻ ōŜŀǊ ǎǘǳŦŦέ), although they would likŜ ǘƻ ŀŘŘ ƳƻǊŜ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎ όάShould bring the stuff 
ƴŜŀǊŜǊέΣ άL ǿƻǳƭŘ ƭƛƪŜ ƛǘ ǘƻ ŦŜŜŘ ƳŜέΣ ά.ǳǘ ǿƛƭƭ ƘŜƭǇ ƳŜ ǿƛǘƘ ǇŜǊǎƻƴŀƭ ƘȅƎŜƴŜΚ bƻΚ ¢ƘŜƴ L ŘƻƴΩǘ ǿŀƴǘ ƛǘέΣ 
άL ǿƻǳƭŘ ƭƛƪŜ ƛǘ ǘƻ ƘŜƭǇ ƳŜ ǘƻ ƎŜǘ ǳǇΣ Ƴȅ ǇǊƻōƭŜƳ ƛǎ ǘƘŀǘ L Ŏŀƴƴƻǘ ƎŜǘ ǳǇ ŦǊƻƳ ǘƘŜ ŎƘŀƛǊ ƻǊ ǘƘŜ ŦƭƻƻǊέ).  

2.1.4 DISCUSSION 

The system is perceived as useful, as far as the person lives alone and is not fully autonomous. 69,23% of 
ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǊŜǇƻǊǘŜŘ ǇƻǎƛǘƛǾŜ ƻǊ ƴŜǳǘǊŀƭ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ά²ƻǳƭŘ ȅƻǳ ǳǎŜ ǘƘŜ 
ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎΚέΣ уоΣоо҈ ǊŜǇƻǊǘŜŘ ǇƻǎƛǘƛǾŜ ƻǊ ƴŜǳǘǊŀƭ ǊŜǎǇƻƴǎŜǎ ǘƻ ά¢ƘŜ ǊƻōƻǘƛŎ ŀǊƳ Ŏŀƴ ƘŜƭǇ ƳŜ ǘƻ 
ŀŎƘƛŜǾŜ Ǝƻŀƭǎ ƛƴ Ƴȅ Řŀƛƭȅ ǊƻǳǘƛƴŜέΣ  тмΣпо҈ ǘƻ άaƻǊŜ ŎƻƴǘǊƻƭ ƻǾŜǊ Ƴȅ Řŀƛƭȅ ƭƛŦŜέΣ ŀƴŘ тмΣпо ǘƻ άL ǿƻǳƭŘ 
ǳǎŜ ǘƘƛǎ ǎȅǎǘŜƳ ǿƘŜƴ ƛǘ ōŜŎƻƳŜǎ ŀǾŀƛƭŀōƭŜέΦ  

The users were all relaxed in front of the robotic arm, and several users reacted to the arm showing 
curiosity for the system. Complementarily, the system is perceived as interesting, showing interest on 
technology. They express their concern about how to learn to use it, but they would be willing to use it. 

Participants point to some difficulties regarding the size of the robotic arm and concerns about its cost. 

2.2 VISUALIZATION TRIALS 

In the visualization trials, we have collected data from professionals working in areas similar to those 
involved in SRS. In these trials, we have also combined ad-hoc questions with the AttrakDiff.  

2.2.1 PARTICIPANTS 

We recruited 13 professionals operators. 7 professionals operators worked for a tele-assistance 
company (SaludNova, http://www.saludnova.com/ ) and 6 for Matia - Ingema hospital. Employees from 
SaludNova were interviewed in the facilities of the company. The rest of the participants were assessed 
in the rehabilitation gymnasiums of the Hospital where we also conducted the Manipulation trials (see 
Figure M1). 

7 woman and 6 men participated, all of them were medium-aged adults (mean = 31.08 years; st. dev. = 
5.22). They did not present physical or sensorial problems hindering the performance of the planned 
tasks, apart from corrected myopia.  

All of them have university graduates or equivalent (mean =22.09 years of education; st. dev. = 3.44) 
and have a job with medium to high responsibilities related to telecare and /or gerontology. All they 
reported to have jobs with high cognitive and social requirements, and low physical requirements.  

Their experience with technology is high. They use all the devices included in the questionnaire (washing 
machine, dish washer, vacuum cleaner, TV, mobile phone / smart phone, PC / laptop), and they report 
to have been using PC / laptop a mean of 14.75 years (st. dev. = 4,495; min. 9 years, max. 21 years).  

2.2.2 USABILITY, ACCESSIBILITY AND LEARNABILITY 

Three tasks were established in order to let the participants use the system in a emulated natural 
scenarios of use (Figure 3ύΦ ¦ǎŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ōȅ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǳǎŜǊǎΩ ǘŀǎƪǎ 
performance regarding: task completion, errors, time, hints needed, comments, and usability difficulties 
observed. 

http://www.saludnova.com/
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Three specific scenarios were developed based on the general scenarios of the project, in order to allow 
the user interact with the system: grasping, leaving and moving scenario. Complementarily, ad-hoc 
quantitative questions were done about these issues after the three scenarios. 

 
FIG. 3 VISUALIZATION TRIALS AT SALUDNOVA FACILITIES (ABOVE) AND MATI! Ih{tL¢![Ω{ w9I!.L[ITATION GYMNASIUM (BELOW). 
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A) Grasping 

Task Completion: 11 out of 13 completed the task. 

Time: Mean= 92.16 seconds  st. dev. = 33.9 seconds. The fastest of the users completed the task in 34 
seconds meanwhile the slowest of the participants that completed the task needed 159 seconds to 
complete the task. 

Errors: 0.53 errors on average were made by the users. Users press the grasping button previously to 
the robot achieve the correct grasping position. 

Questions asked: 0.92 questions on average were made by the users. That means that nearly each user 
ask at least a question about the functionality or how to perform the task after having been explained. 

Hints given: 1.38 hints were given on average. Nearly a third more hints that the users asked for. 

Facial expression: The expression of the participants was neutral in most of the cases no one seemed to 
be frustrated, scarred or angry about using the system. 

Comments (made by the user or the observer): 

ω The robot was out of place and as got near to the object it knocked out. 

ω άIƻǿ Ŏŀƴ L ƪƴƻǿ ƛŦ ǘƘŜ Ǌƻōƻǘ ƛǎ ƎƻƛƴƎ ǘƻ ƳƻǾŜ ƻǊ ƴƻǘΚ ¢ƘŜ ǎƻŦǘǿŀǊŜ ǎƘƻǳƭŘ ƴƻǘƛŦȅ ƻŦ ǘƘŜ 
ƳƻǾŜƳŜƴǘ ǎǘŀǘǳǎέ 

ω ά²ƘŜƴ ǎƘƻǳƭŘ L ǇǊŜǎǎ άƎǊŀōέΚέ  

ω The user changes the screen views, he takes more time but he customizes the view. States that 
he miss to know in which movement step is the robot. 

ω The user comments about the distance of the armΦ έ¢ƘŜ ŦŀƛƭǳǊŜ ǿŀǎ ǘƘŀǘ L ǇǊŜǎǎŜŘ ƎǊŀō ǘƻƻ 
ŜŀǊƭȅέΦ 

ω ¢ƘŜ ǳǎŜǊ ŦƻǊƎƻǘ ǘƻ ǇǊŜǎǎ ǘƘŜ άǎƘƻǿ ƭƛǎǘέ ōǳǘǘƻƴΦ {ƘŜ ǇǊŜǎǎŜŘ ǘƻƻ ŜŀǊƭȅΦ {ƘŜ ŀǎƪŜŘ ǿƘŜǘƘŜǊ ǎƘŜ 
has to tell the robot which object to grab. She suggests to place a marker that notifies the steps 
ending in order to be sure about the movement had ended. 

ω The hand was closed when the movement started so it was unable to grab the object. 

ω άLǘ ǎƘƻǳƭŘ ōŜ ƳƻǊŜ ŀǳǘƻƳŀǘƛŎΦ ¢ƘŜǊŜ ƛǎ ŀ ƭŀŎƪ ƻŦ ŦŜŜŘōŀŎƪΣ ŦƻǊ ŜȄŀƳǇƭŜ ǘƻ ƪƴƻǿ ǿƘŜƴ ƎǊŀōέΦ 

ω The user presses grab before the arm is in position and asks if the arm is moving, if the system 
has received the command. The participant suggests to include feedback of the performance of 
the robot. 

B) Leaving: 

Task Completion: All the users completed the task. 

Time: Mean= 125.69 seconds  st. dev. = 44.57 seconds. The fastest of the users completed the task in 31 
seconds meanwhile the slowest of the participants that completed the task needed 187 seconds to 
complete the task. 

Errors:  0.38 errors on average. 

Questions asked: 1.07 questions were asked on average, however st. dev. = 1.03 that means that there 
were several users that did not asked a question meanwhile other asked 2 or even 3 questions. 

Hints given: 1 hint was given on average. 
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Facial expression: 11 out of 13 were neutral regarding the task, but 2 users expressed annoyance.  

Comments (made by the user or the observer): 

ω The hand was closed at the start and did not open. The user asked about the system 
performance. After that it presses the grab button before the arm is in position. 

ω The hand was closed and knocked out the brick. After that the hand opened.   

ω The user asks again about the grabbing. He considers that the grabbing button should be in the 
same level to make the tasks sequential. He speaks also about the interface, he suggests to 
ǎƛƳǇƭƛŦȅ ŀƴŘ ǇƭŀŎŜ ǘƘŜ ōǳǘǘƻƴǎ ƛƴ ŀ ƳƻǊŜ ƛƴǘǳƛǘƛǾŜ ǿŀȅΦ CƻǊ ŜȄŀƳǇƭŜΣ άthe STOP buttons should 
ƴƻǘ ōŜ ǘƘŜǊŜΦέ 

ω The user was reminded of the need to move the arm. 

ω The user moves the arm too early. He suggests that the system should be more automatic, not 
to wait to the completion of the different steps. 

ω The user presses the grab button too early. 

ω The user takes long in move the hand and presses grab too early. He asks if he has skipped any 
step and gets surprised when the hand closes.  

ω It did not grab the object because the robot did not get near correctly. The user asked how to 
restart the system. He seems a little bit worried because he did not see the movement progress. 

ω The users suggest that when the hand grabs an object the content of the object should be taken 
into account to avoid spilling the content with the different movement performances options. 

C) Moving scenario: 

Task Completion: All of the participants completed the task. 

Time: Mean= 218.15 seconds, st. dev. = 133.88 seconds. The fastest of the users completed the task in 
89 seconds meanwhile the slowest of the participants that completed the task needed 567 seconds to 
complete the task. 

Errors: 1.35 errors on average. 

Questions asked: 1.38 on average 

Hints given: 1.45 on average 

Facial expression: The expression was neutral for most part of the users, just one user expressed 
frustration about controlling the robot. 

Comments (made by the user or the observer): 

ω The user ǘƘǊƻǿǎ ǘƘŜ Ƴƛƭƪ ōǊƛŎƪ ōŜŦƻǊŜ ŦƛƴƛǎƘƛƴƎ ǘƘŜ ƳƻǾŜƳŜƴǘΦ άLǘΩǎ ŎƻƳǇƭƛŎŀǘŜŘ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ 
joystick looking at two different screens. It would be easier to control the robot using the 
cursors. The best would be to control the arm with a system that engages the robot arm with 
the arm of the remote controller. It should minimize the robot movements making it one single 
and integrated movement, and it would make easy not to wait for the different movement 
ǎǘŜǇǎΦ LǘΩǎ ŀƭǎƻ ǇǊƻōŀōƭŜ ǘƻ ŦƛƴŘ ǇǊƻōƭŜƳǎ ǿƛǘƘ ǘƘŜ ǊŜŀƭ ƳŀǇ if a user changes the object position 
ƛƴ ǘƘŜ ǊŜŀƭ ƭƛŦŜΦέ 
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ω άLǘΩǎ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘ ǘƻ ŎƻƴǘǊƻƭ ƛǘΦ ¸ƻǳ ǎƘƻǳƭŘ ŀǘǘŜƴŘ ǘƻ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǎŎǊŜŜƴǎΦ hƴŜ ǘƻ ǎŜŜ ǘƘŜ Ǌƻōƻǘ 
and the other to manage the joystick. It should have lateral movement in every axis in order to 
facilitate movements of 90º without having to make a turn. 

ω The user hits the table with the robot. States that he is not being able to move it where she 
wants. She asks where the robot is looking. She does not understand the joystick directions. άLǘ 
is not intuitive; it does not follows the robot space and orientation. The screen should turn when 
ǘƘŜ Ǌƻōƻǘ ǘǳǊƴǎέΦ She thinks that with cursors should be more difficult but better to make the 
more precise movements. She does not understand why there are 2 screens to control the 
robot. She asks how the acceleration works. 

ω ά¢ƘŜ ŦƻǊǿŀǊŘ ŎƻƴǘǊƻƭ ƛǎ ƴƻǘ ƛƴǘǳƛǘƛǾŜΦ Lǘ ǎƘƻǳƭŘ ōŜ ǎƻƳŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ Ǌƻōƻǘ ƻǊƛŜƴǘŀǘƛƻƴΦέ 
Due to the different screens, the attention is differed and makes complicated to control the 
robot. άL ŘƻƴΩǘ ƪƴƻǿ Ƙƻǿ ŦŀǊ ƛǎ ǘƘŜ ǘŀōƭŜ ŦǊƻƳ ǘƘŜ Ǌƻōƻǘέ  

ω The system fails and it is needed to restart the system. The user hit the oven and the table. The 
user states that it is easier to perform the movements if first the robot is oriented and 
ŀŦǘŜǊǿŀǊŘǎ ǎǘŀǊǘǎ ǘƘŜ ƳƻǾŜƳŜƴǘΦ ά¢ƘŜ ƛƴǘŜǊŦŀŎŜ ǎŜŜƳǎ ǘƻ ōŜ Ŝŀǎȅ ōǳǘ L ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ 
ǘƘŜ ƻǘƘŜǊ ōǳǘǘƻƴǎ ŀǊŜΦέ 

ω The user releases the grabbing movement when she looks to the other screen. She has 
difficulties to differentiate between the robot directions when are not coinciding with the 
joystick ones. She states that it is very complicated to move the robot using the joystick. 
άtǊƻōŀōƭȅ ǿƛǘƘ ŀ Ǌƻōƻǘ ƛƳŀƎŜ ƛǘ ǿƻǳƭŘ ōŜ ƳƻǊŜ ƻŦ ƎǳƛŘŀƴŎŜέΦ 

ω The brick falls to the ground; it was well placed but not assured with the robots hand. άLǘΩǎ ǾŜǊȅ 
messy to use the joystick, also the distance between the robots and the objects. It is not 
ƛƴǘǳƛǘƛǾŜΦέ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘ ŀǎƪǎ Ƙƻǿ ǿƛŘŜ ǘƘŜ ǊƻōƻǘΩǎ ōƻŘȅ ƛǎ ǘƻ ŀvoid hit the furniture and how 
to control the speed. The participant suggest that the robot should move to the point that the 
proffesional points in the map or following a route that he draws in the map. 

ω άLǘΩǎ ǾŜǊȅ ŎƻƳǇƭƛŎŀǘŜŘΗέ The participant fails moving backwards when should have moved 
forwards. 

ω άLǘΩǎ Ŝŀǎȅ ǘƻ ƭŜŀǊƴ Ƙƻǿ ǘƻ ǇŜǊŦƻǊƳŀƴŎŜΣ ŘŜǎǇƛǘŜ ǎƻƳŜǘƛƳŜǎ ȅƻǳ ƭƻǎŜ ŎƻƴǘǊƻƭέ 

ω The user asks why the robot is taking so long to react to the given order. 

D) Quantitative questions 

From the total sample of 13 participants, 12 participants answered the questions about the usability, 
accesibility and easy-to-learn of the system. About usability, most of the negative responses were 
focused in the feedback provided and the sense of control of the machine (Table 3), which must be 
improved in next versions of UI_PRO.  

 

TAB. 3 REQUENCY OF PROFESSIhb![{Ω w9{thb{9{ ¢h USABILITY AND ACCESIBILITY ISSUES IN THE VISUALISATION TEST 

 Definitely 
yes 

Rather yes Neutral Rather not Definitely 
not 

Would you like to use the functionalities?  3 4 5   

 I find the system easy to use. 1 8 2 1  
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How well did you think the system show 
actual location of the robotic arm? 

  2  10 

Is it easy to make the software do exactly 
what I want 

1 4 4 1 2 

I perceive perfect control over the activity 
of the system. 

2 2 2 5 1 

 

About learnability, most of the responses were positive (responses about easy-to-forget must be 
interpreted inversely) (Table 4), showing a good perception about how the system can be learned in 
spite of its usability problems.  

 

TAB. 4 FREQUENCY OF PROFESSLhb![{Ω w9{thb{9{ ¢h LEARNABILITY ISSUES IN THE VISUALISATION TEST 

 Definitely 
yes 

Rather yes Neutral Rather 
not 

Definitely 
not 

To learn to use this system would be 
easy for me. 

5 5 2   

It would be easy for me to learn skilful 
use of this system. 

5 5 1 1  

It is easy to forget how to do things 
with this system. 

  2 8 2 

Working with this system could be 
mentally stimulating. 

4 1 6 1  

 

2.2.3 ACCEPTANCE 

In this test, responses in the AttrakDiff are more widely distributed, especially in those adjectives more 
closely related to usability issues. Professionals agree that the technology is inventive and interesting, 
but also slow and not clearly meeting the expectations of the users (see Table 5).  

 

TAB. 5 FREQUENCY OF PROFESSLhb![{Ω w9{thb{9{ Lb THE ATTRAKDIFF FOR THE MANIPULATION TEST. 

 1 2 3 4 5 6 7  

 

annoying - 1 2 1 3 4 1 enjoyable 

not 
understandable 

1 4 - 3 4 - - understandable 

creative  4 3 1 4 - - - dull 

easy to learn  2 4 2 2 2 - - difficult to learn 

valuable  4 2 2 4 - - - inferior 
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boring  - - 2 4 - 5 1 exiting 

not interesting - - - 1 4 5 2 interesting 

unpredictable 2 1 1 1 5 2 - predictable 

fast 1 - - 3 3 1 3 slow 

inventive  4 4 1 2 1 - - conventional 

obstructive  1 1 - 3 3 1 3 supportive 

good  3 3 2 4 - - - bad 

complicated  - 1 1 2 4 1 3 easy 

unlikable  - - - 3 4 4 1 pleasing 

usual  - - - - 2 7 3 leading edge 

pleasant  3 5 3 - - - - unpleasant 

secure  1 4 2 2 1 1 1 not secure 

motivating  3 4 3 1 - 1 - demotivating 

meets 
expectations 

3 2 3 1 2 1 - does not meet 
expects. 

efficient  2 2 4 1 3 - - inefficient 

clear 2 5 3 1 1 - - confusing 

impractical  - - 2 3 2 3 2 practical 

organized  - 4 4 2 1 - 1 cluttered 

attractive  2 4 2 2 2 - - unattractive 

friendly 1 2 4 1 3 - 1 unfriendly 

conservative - - - - 3 7 2 innovative 

 

Regarding the acceptance ad-hoc questions (Table 6), we obtained: 

¶ A higher percentage of participants with positive responses (Likely and Very likely) in items 1, 2, 
4, 5, 8, showing that the professionals interviewed consider the robotic arm useful for the frail 
older adults and interesting for their work (Table N). 58% of the participants responded 
positively to the possibility of using the system when it becomes available, 42% gave neutral 
responses and no negative responses were collected. 

¶ An equal percentage of participants with positive and negative responses to items 3, 6 and 7. As 
in the former section, results do not show relations between technology acceptance and system 
acceptance. 

 

TAB. 6 FREQUENCY OF PROFESSLhb![{Ω w9{thb{9{ ¢h ACCEPTABILITY ISSUES IN THE MANIPULATION TEST 
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 Very 
unlikely 

Unlikely Neutral Likely Very likely 

1. The robotic arm can help to help frail 
older adults with their daily routines  

- 2 - 6 4 

2. I perceive the use of the robotic arm can 
help me to control over the difficulties of 
the daily users.  

3 2 1 4 2 

3. This system would make my work easier. 3 1 4 2 2 

4. This system would make my work more 
interesting. 

- 1 4 4 3 

5. I would use the system because I like to 
use such appliances. 

3 - 3 4 2 

6. I would use the system because these 
appliances are modern. 

4 1 2 3 2 

7. I would use the system to keep up with 
the newest technology. 

5 - 2 2 3 

8. In general, I would like to use this 
system when it becomes available  

- - 5 1 6 

 

2.2.4 DIFFERENCES BETWEEN SUBGROUPS 

Since the total sample in this study was composed by 7 persons from a tele-assistance company 
(SaludNova) and 6 persons from Matia ς Ingema working with older adults but not directly involved in 
tele-assistance activities, statistical analysis were carried out in order to study differences between 
these subgroups. 

T-Student comparison carried out with SPSS 18.0 showed similar results in both groups, with differences 
only showed in: 

¶ Number of questions asked about the Grasping scenario (F=74,667; p<0,001), which mean 
where higher for SaludNova subgroup compared to Matia ς Ingema subgroup. 

¶ Perceptions about how organized ς cluttered is the system (F=8,198; p<0,05), with SaludNova 
subgroup perceiving it as more organized. 

¶ Perceptions about the easy-to-use of the system (F=6,664; p<0,05), about how well the system 
show actual location of the robotic arm (F=18,519; p<0,01), and about the intention to use the 
system because they like to use such applicances (F=6,542; p<0,05), which mean where higher 
Matia ς Ingema subgroup compared to SaludNova subgroup.  

Although these differences seems to show different level of knowledge about the interface tested, with 
SaludNova employees showing some higher degree of knowledge about the visualization system, we 
have decided to consider our results as a whole because the general agreement between these two 
subgroups in a wide range of usability, learnability and accessibility questions 

 

2.2.5 DISCUSSION 
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The UI-PRO should be improved in further versions in order to make the software usable and accessible. 
Responses about the user experience are more widely distributed compared to Manipulation test, 
especially in those adjectives more closely related to usability issues. Professionals agree that the 
technology is inventive and interesting, but also slow and not clearly meeting the expectations of the 
users. Negative responses about usability issues are focused in the feedback provided and the sense of 
control of the machine. Because of the difficulties found, we have constructed a table with design 
recommendations for UI Pro, including specific sections about grasping and leaving functionalities, 
movement of the robot and screen appearance (Table 7) and a suggestion of usable screen based on 
results collected (Figure 4).  

 

TAB. 7 DESIGN SUGGESTIONS BASED ON VISUALIZATION TRIALS RESULTS 

Usability and accesibility flaws Design suggestions 

Screen appearance 

1. Two different screens split attention while 
performing actions. 

One screen to avoid divided attention / simplify 
multiple-screen solution. 2. The users focus their attention on environment-

simulation screen and not on the movement pad 
screen, producing inaccurate movements. 

3. The robot-position map does not provide useful 
information to the user. 

The environment simulation screen should give more 
detailed spatial information. 

4. It is not possible to look at the joystick and the 
environment-simulation screen 

The controls should not need to be visible in the 
screen, but a feedback on the movement. 

5. There is no screen-feedback about the actions 
performed in the robot-movement plan 

Feedback is needed across the different steps 

6. There are several buttons and options that are 
not needed or functional in the screen. 

There is no need of additional stimulation if not 
ŦǳƴŎǘƛƻƴŀƭΥ ƛΦ 9Φ ά¢ƘŜ ƭŀōŜƭ /ŀǊŜΩƻΩōƻǘ wŜƳƻǘŜ [ŀōέ 
label should be removed. 

7. The interface is not intuitive.  

The buttons should be placed in relevant places in the 
screen. All the actions of the same level at the same 
place, icons instead of buttons, text boxes or 
windows with explanations, etc. 

8. The Stop button should be bigger in case of 
emergency. 

 Movement of the robot 

9. Is difficult to understand where the robot is 
located when starting a movement. 

The robot direction should be shown in the screen 
whenever the user is going to start a movement 
sequence.  

10. It is difficult to know the distance between the 
robot and the objects. 

Apart from collision-avoidance systems, the distances 
should be constantly notified to the user to prevent 
collisions. 

11. It is more difficult to move the robot compared The system could be moved just by pointing the end 
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to pointing the direction the robot move. direction in the map. 

12. The environment simulation upper point of view 
seems to be difficult to understand than the 
subjective point of view 

The system should provide subjective vision 

13. The users prefer to minimize the action options 

It would be preferable if the system detects the 
object automatically than generate a showlist.  

The system could allow to point and click one object 
in the environment simulation screen. 

14. Users have problems to move the robot in "L" 
movements 

Lateral movements could be promoted, instead of 
turning. 

15. The movement stops when the user grabs the 
pointer out of the square movement pad 

The robot movement should not stop if the user got 
off the square movement pad 

16. LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ know how to speed up or slow 
down the movement robot. 

There should be an speedometer or acoustic signals 
(i.e. high frequency sound for higher speeds) to 
inform about the speed of the robot 

17. The joystick directions not always coincide with 
the robot orientation in the environment-
simulation screen. 

The environment-simulation screen should always 
move with the robot orientation 

 

Moving the robot could be done by cursors instead of 
joystick simulation interface 

Grasping and leaving functionality 

18. The user ŘƻŜǎ ƴƻǘ ƪƴƻǿ ǿƘŜƴ ǘƻ ǇǊŜǎǎ άƎǊŀōέΦ 

There should be feedback about the different 
grabbing steps. The user should be aware of the 
precise moment when pressing the grab option; the 
system should not allow the user to start a grabbing 
action which outcome is clearly a fail.  

19. It is difficult to know in which arm movement 
step is the robot. 

There should be some visual feedback about the 
movements. 

20. The users press the grab button too early 
knocking off the object. 

When the hand is closed in advance by error the 
robot movement should be stopped automatically. 

The hand should be able to be opened again. 

21. The robot takes too much time to start 
performing the action.  

The system should give feedback to the user about 
ǘƘŜ Ǌƻōƻǘ ǎǘŀǊǘǎ ǘƻ ǇŜǊŦƻǊƳ ŀŎǘƛƻƴǎΦ άtƭŜŀǎŜ ǿŀƛǘέ 
message. 

22. The movement performance of the hand does 
not take into account the object (the opened 
tins content could be spilled) 

The movement should take into account the object 
automatically, or ask the user for movement safety 
degrees. 

23. Feedback is needed in the arm movement 
sequence. 

 

24. There are unnecessary options in the menu. 

The actions menu is not intuitive but learnable. 
Reduce the options, automatize up to the 
functionality. The users should skip the steps as much 
as possible and only choose on functionalities. 
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FIG. 4 SUGGESTION OF USABLE SCREEN 

 

Apart from usability and accessibility results of the UI-PRO, these trials have showed that the user 
acceptance of the interaction with the robotic arm through an interface like the one presented is 
medium to high. In spite of this difficulties, all the participants provided positive or neutral responses to 
άL ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǳǎŜ ǘƘƛǎ ǎȅǎǘŜƳ ǿƘŜƴ ƛǘ ōŜŎƻƳŜǎ ŀǾŀƛƭŀōƭŜέ, 83,33% provided positive or neutral 
responses to ά¢ƘŜ ǊƻōƻǘƛŎ ŀǊƳ Ŏŀƴ ƘŜƭǇ ǘƻ ƘŜƭǇ ŦǊŀƛƭ ƻƭŘŜǊ ŀŘǳƭǘǎ ǿƛǘƘ ǘƘŜƛǊ Řŀƛƭȅ ǊƻǳǘƛƴŜǎέΣ 91,67% to 
ά¢Ƙƛǎ ǎȅǎǘŜƳ ǿƻǳƭŘ ƳŀƪŜ Ƴȅ ǿƻǊƪ ƳƻǊŜ ƛƴǘŜǊŜǎǘƛƴƎέ ŀƴŘ тр҈ ǘƻ άI would use the system because I like 
ǘƻ ǳǎŜ ǎǳŎƘ ŀǇǇƭƛŀƴŎŜǎέΦ About learnability, most of the responses were also positive showing a good 
perception about how the system can be learned. 

 

3 WHOLE-SYSTEM PRE -TEST IN REAL HOME 

3.1 TEST OBJECTIVES 

The main objectives of this test were to identify technical problems when operating the robot in a real 
home environment and to get a first feedback from elderly users on their perception of the robot in 
their home. 

3.2 TEST ENVIRONMENT AND PROCEDURE 

The test was carried out in two apartments of the same house located near Stuttgart, Germany. Two 
elderly people (1 female, age 80; 1 male, age 81) live on the ground floor where the robot was deployed. 
For UI_PRI operation, a remote operator (grandchild, female, age 30) controlled the robot from another 
apartment upstairs in the same house.  
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The test duration was 1 ½ days including setup and removal of robot and equipment. There were two 
test trials with elderly people, one involving a remote operator. Two interviewers were attending to the 
participants, corresponding to two usage scenarios:  

¶ Scenario 1: An elderly person was sitting on the couch and used a handheld interaction device to 
make the robot fetch a book from a locker in the dining room. However, the robot failed at 
executing the task (this failure was planned / simulated) because a stool hindered appropriate 
path planning for delivering the object to the user. Therefore, a remote operator (located in 
another apartment) was called and remotely navigated the robot to deliver the book.  

¶ Scenario 2: An elderly person was in bed and the robot fetched a medicine box from the window 
sill in the kitchen.  

The following evaluation methods were used: 

¶ Evaluation list for technical performance of system components 

¶ Interviews using prepared questions on robot perception 

In cases where system components failed or were unavailable, a wizard-of-oz approach was adopted 
and the robot was remotely controlled with a joystick in order to still be able to obtain user opinions on 
the fulfilled scenarios. Autonomous and semi-autonomous operation was resumed after resolving the 
error state. 

The sessions were recorded on video with four cameras installed in the apartment and photos were 
taken.  

In the following, pictures of the test environment are shown with the robot in action (figures 5 to 12). 

 

 
FIG. 5 EXTERIOR OF HOUSE WITH ROBOT ENTERING (LEFT); CORRIDOR WITH ROBOT IN OPERATION DURING TEST (RIGHT) 
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FIG. 6 MOST NARROW PASSAGE IN THE APARTMENT (BETWEEN DINING ROOM AND KITCHEN-LEFT) WITHOUT ROBOT; WITH ROBOT 

PASSING (COULD NOT BE ACCOMPLISHED IN AUTONOMOUS PATH PLANNING MODE-CENTRE); LIVING ROOM-RIGHT 

 
FIG. 7  BEDROOM; PASSAGE BETWEEN LIVING ROOM AND DINING ROOM 
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FIG. 8 BOOK TO BE GRASPED ON LOCKER 

 
FIG. 9 MEDICINE BOX TO BE GRASPED ON KITCHEN WINDOW SILL 
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FIG. 10 FLOOR PLAN GENERATED FROM SENSOR DATA BY THE ROBOT MOVING AROUND IN APARTMENT (FRONT LEFT: DINING ROOM; 

FRONT RIGHT: LIVING ROOM; CENTER LEFT: KITCHEN; BACK RIGHT, WHERE ROBOT IS LOCATED: BEDROOM) 

 
FIG. 11 ELDERLY PERSON OPERATING UI_LOC (HANDHELD ANDROID DEVICE) IN BED DURING MEDICINE FETCHING SCENARIO 
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FIG. 12 GRANDDAUGHTER CONTROLLING THE ROBOT FROM A REMOTE SITE USING UI_PRI (IPAD) 

3.3 RESULTS 

3.3.1 TECHNICAL PROBLEMS 

1. The most significant problem was that the current state of the SRS components did not allow for an 
operation close to the anticipated operation. For a large part, it was necessary to improvise by using 
wizard-of-oz (tele-operated mode). 

2. UI_LOC was not usable because it is not connected to the SRS system yet. 
3. Generation of map for UI_PRI usage did not work; therefore no navigation by map possible 
4. tǊƻōƭŜƳ ƻǇŜǊŀǘƛƴƎ ǘƘŜ άǘǳǊƴέ ŎƻƴǘǊƻƭ ƛƴ ¦LψtwLΩǎ Ƴŀƴǳŀƭ ƳƻŘŜΥ Lǘ ǿŀǎ ƻŦǘŜƴ ƻǾŜǊƭŀƛŘ ǿƛǘƘ ǘƘŜ ǾƛŜǿ 

button (see figure 13). The only way to recover was to kill the app. 
5. Remote user did not succeed in navigating the robot to the desired position using manual control 

mode in UI_PRI (likely because of field of view issues and problems estimating position and 
distances) 

6. Narrow passages like doors were a significant problem. Door sizes in the apartment were between 
73 cm and 80 cm. The robot was unable to pass any of them in autonomous navigation mode. In 
fact, passages did not even have to be very narrow. The robot also initially could not find a path 
through a wider passage between the living room and dining room (see figure 14). Only after we 
removed the plant on the left and used another mode of path planning was the robot able to 
navigate through the passage.   

7. Quite a lot of space is required around each side of the robot for successful navigation and 
manipulation activities. For example, 1 meter on the right side for the arm to move and 0.8m for the 
robot to turn around its own axis. 

8. It was not feasible to teach the two test objects (book and medicine box); therefore an already-
known object (milk box) had to be used for object detection and grasp planning which was then 
quickly exchanged manually before grasping execution (see figure 15). 

9. During grasping, the medicine box was slightly crushed and the book cover became damaged 
because the book bumped against the locker (these issues might have occurred because a substitute 
object, the milk box, was used for calculating the grasping configuration, rather than the real objects 
to be grasped) 
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10. Lighting: The robot was unable to recognize objects on a window sill due to backlight (light entering 
through the window from outside). It was necessary to close the shutter and use artificial indoor 
light to achieve successful object recognition (see figure 15). 

11. Grasping objects in corners of the apartment or in cramped places was impossible 
12. The robot was unable to pick up a book lying flat on a locker. The book had to be standing in upright 

position (see figure 16, left). 
13. The robot was unable to pick up a medicine box lying on a window sill if the box was too close to the 

window (gripper fingers have to grasp behind object). It had to be positioned on the front side of 
the sill facing the robot (see figure 16, right). 

14. While the robot was moving , the book fell down from the tray along the way because the only way 
it could be placed on the tray was standing vertically 

15. Robot hardware: When passing door sills, the outer shell of the robot often touched the sill. 
Crossing sills in autonomous mode was not possible. It could be beneficial to leave more space 
below the lowest point of the robot shell in a future revision of the robot (see figure 17). 

16. The battery had to be recharged after around 4 hours of operation (unlikely to be a problem under 
normal usage conditions) 

3.3.2 NECESSARY CHANGES TO THE APARTMENT 

1. To create the map of the apartment, some furniture and curtains had to be removed temporarily 
only.  

2. All carpets had to be removed permanently so the robot could drive properly. 
3. To grasp a book from a cupboard, an adjacent table had to be moved significantly so the robot had 

enough space for operation (see figure 18). 
 
 
 

 
FIG. 13 twh.[9a ²L¢I ά¢¦wbέ CONTROL BECOMING UNUSABLE 
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FIG. 14 PASSAGE CAUSING PROBLEMS FOR PATH PLANNING 

 
FIG. 15 MILK BOX (ON SILL IN THE LEFT PICTURE) AS A SUBSTITUTE OBJECT FOR MEDICINE BOX (ON SILL IN THE RIGHT PICTURE) TO 

CIRCUMVENT TEACHING OF MEDICINE BOX; USAGE OF ARTIFICIAL LIGHT TO ENABLE OBJECT DETECTION BECAUSE OF BACKLIGHT ENTERING 

THROUGH WINDOW 
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FIG. 16 MILK BOX (ON SILL IN THE LEFT PICTURE) AS A SUBSTITUTE OBJECT FOR MEDICINE BOX (ON SILL IN THE RIGHT PICTURE) TO 

CIRCUMVENT TEACHING OF MEDICINE BOX; USAGE OF ARTIFICIAL LIGHT TO ENABLE OBJECT DETECTION BECAUSE OF BACKLIGHT ENTERING 

THROUGH WINDOW 

 
FIG. 17 PROBLEMATIC DOOR SILL (LEFT); LOWER BOUND OF ROBOT SHELL (RIGHT) 
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FIG. 18 TABLE HAD TO BE MOVED TO THE LEFT FOR ROBOT TO GRASP THE BOOK ON THE LOCKER (LOTS OF SPACE REQUIRED AROUND 

ROBOT) 

3.3.3 USER PERCEPTION OF THE ROBOT 

In general the two elderly test users felt safe with the robot and had trust in it. The following statements 
were made: 

Robot appearance: It was stated that the robot looks very άŦǊƛŜƴŘƭȅέ and άǎȅƳǇŀǘƘŜǘƛŎέΦ They had 
imagined it to be much larger (which would have been negative) and much more άƛƴŘǳǎǘǊƛŀƭέΦ The 
design of the robot was described as άǾŜǊȅ ƎƻƻŘέ. A stated reason was that the technology is hidden and 
ǘƘŜ Ǌƻōƻǘ ƭƻƻƪǎ ƭƛƪŜ ŀ ƘƻƳŜ ǇǊƻŘǳŎǘΦ Lǘ ǿŀǎ ǎǘŀǘŜŘ ǘƘŀǘ ƛǘ άfits into an apartment like an armchŀƛǊέΦ The 
ǊƻǳƴŘ ŎƻƴǘƻǳǊǎ ŀƴŘ ǎƻŦǘ ƻǳǘŜǊ ǎƘŜƭƭ ǿŜǊŜ ƳŜƴǘƛƻƴŜŘ ǇƻǎƛǘƛǾŜƭȅΦ ¢ƘŜ ǊƻōƻǘΩǎ ǎƛȊŜ ǿŀǎ ǇŜǊŎŜƛǾŜŘ ŀǎ 
άƎƻƻŘέΦ It should be noted however, that the test took place in a rather large apartment. Robot size 
would likely be more critical in smaller apartments.  

Robot movement and sound: Operation was found to be very quiet, which was perceived positively (the 
fan of the built-in computer was the loudest sound emitted). Robot movement was perceived as slow 
and smooth. For this reason, participants did not perceive the robot does as dangerous. Before the 
robot came to the apartment, the users had the idea of an industrial robot working fast, hectic, rough, 
and loud. Therefore, they were surprised in a very positive way. Wheeled operation was preferred over 
the possibility of a biped robot: άLǘΩǎ ƴƛŎŜ ǘƘŀǘ ƛǘΩǎ ƻƴ ǿƘŜŜƭǎ ŀƴŘ ƴƻǘ ǿŀƭƪƛƴƎ ǳƴƴŀǘǳǊŀƭƭȅΦέ 


































































































































