
 

Grant Agreement number:

Project acronym: Robot-Era

Project title: Implementation and integration of advanced Robotic systems and 
intelligent Environments in real scenarios for ageing

Funding scheme: Large-scale integrating project (IP)

Call identifier: FP7-ICT-2011.7

Challenge: 5 – ICT for Health, Ageing Well, Inclusion and Governance

Objective: ICT-2011.5.4 ICT for Ageing and Wellbeing

Project website address: www.robot

 

 

First report on the evaluation metrics and 

benchmarks for Robot
 

Due date of deliverable: 

Actual submission date: 

 

Start date of project: 01/01/2012

Organisation name of lead contractor for this deliverable: 
Deliverable author: Roberta Bevilacqua, Elisa Felici, Fiorella Marcellini

Sebastian Glende, Susann Klemcke

(RT), Christian Martin (MLAB)
(UHAM

 

 

Project co-funded by the European Commission within the 

PU Public 

PP Restricted to other programme participants 

RE Restricted to a group specified by the consortium (including the Commission Service)

CO Confidential, only for members of the consortium (including the Commission Service)

 

Grant Agreement number:288899 

Era 

Implementation and integration of advanced Robotic systems and 
intelligent Environments in real scenarios for ageing

scale integrating project (IP) 

2011.7 

ICT for Health, Ageing Well, Inclusion and Governance

2011.5.4 ICT for Ageing and Wellbeing 

www.robot-era.eu 

D2.5 

First report on the evaluation metrics and 

benchmarks for Robot-Era services

 

Due date of deliverable: 31/10/2012 

Actual submission date: 10/12/2012 
 

01/2012     Duration: 

 
 

Organisation name of lead contractor for this deliverable: INRCA 
Roberta Bevilacqua, Elisa Felici, Fiorella Marcellini
Sebastian Glende, Susann Klemcke (YOUSE), Giancarlo Teti 

(RT), Christian Martin (MLAB), Frank Broz (UOP), 
UHAM), Filippo Cavallo (SSSA) 

 

funded by the European Commission within the Seventh

Programme (2007-2013) 

Dissemination Level 

Restricted to other programme participants (including the Commission Service)

Restricted to a group specified by the consortium (including the Commission Service)

Confidential, only for members of the consortium (including the Commission Service)

 

Implementation and integration of advanced Robotic systems and 
intelligent Environments in real scenarios for ageing population 

ICT for Health, Ageing Well, Inclusion and Governance 

First report on the evaluation metrics and 

Era services 

Duration: 48 months 

Roberta Bevilacqua, Elisa Felici, Fiorella Marcellini (INRCA), 
(YOUSE), Giancarlo Teti 

, Frank Broz (UOP), Liwei Zhang 

Version: 4.0 

Seventh Framework 

X 
(including the Commission Service)  

Restricted to a group specified by the consortium (including the Commission Service)  
Confidential, only for members of the consortium (including the Commission Service)  



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Document  H is tory

Version Date 

1.0 01/10/2012 

1.1 23/10/2012 

1.2 23/10/2012 
Christian Martin

2.0 26/10/2012 

2.1 29/10/2012 

2.2 30/10/2012 
Susann Klemcke

2.3 30/10/2012 

2.4 04/11/2012 

2.5 05/11/2012 

3.0 07/11/2012 

3.1 04-12-2012 

3.2 05-12-2012 

3.3 07-12-2012 
Susann Klemcke 

4.0 10-12-2012 

 

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

Document  H is tory 

Author Summary of Main Changes

Roberta 

Bevilacqua  

(INRCA) 

Summary of the contents for a preliminary 
feedback from the partners

Giancarlo Teti 

(RT) 

Feedback on the technical benchmarking for 

the outdoor platform

Christian Martin 

(MLAB) 

Feedback on the technical benchmarking for 

the domestic platform

Roberta 

Bevilacqua 

(INRCA) 

Updated version for partners comments and 

revision

Giancarlo Teti 

(RT) 

Additional feedback on the technical 

benchmarking for the outdoor platform

Sebastian 

Glende, 
Susann Klemcke 

(YOUSE) 

Major input on Usability, chapters 1.1.3, 

2.1.3, 2.2.3

Frank Broz 

(UOP) 

Feedback on technical benchmarking for  the 
condominium robot

Liwei Zhang 

(UHAM) 

Feedback on technical benchmarking for  the 

indoor robot

Elisa Felici 

(INRCA) 

Comments, revisions and feedback for the 

D2.5 final version

Roberta 
Bevilacqua 

(INRCA) 

D2.5 Final version submission to the project 

coordinator

Filippo Cavallo 

(SSSA) 

Revision of the Coordinator and request of 
refinements

Marcellini 

Fiorella, 
Felici Elisa 

(INRCA) 

Refinement of the deliv

Sebastian 

Glende, 

Susann Klemcke 

(YOUSE) 

Refinement of deliverable

Fiorella 

Marcellini, 

Elisa Felici 

(INRCA) 

Final submitted ve

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 2 of 39 

 

Summary of Main Changes 

Summary of the contents for a preliminary 
feedback from the partners 

Feedback on the technical benchmarking for 

the outdoor platform 

Feedback on the technical benchmarking for 

domestic platform 

Updated version for partners comments and 

revision 

Additional feedback on the technical 

benchmarking for the outdoor platform 

Major input on Usability, chapters 1.1.3, 

2.1.3, 2.2.3 

Feedback on technical benchmarking for  the 
condominium robot 

Feedback on technical benchmarking for  the 

indoor robot 

Comments, revisions and feedback for the 

D2.5 final version 

D2.5 Final version submission to the project 

coordinator 

oordinator and request of 
refinements 

Refinement of the deliverable version 

Refinement of deliverable 

submitted version 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

 

Table  o f  Contents

Executive summary................................

1 State of the art on Robotics in fa

1.1 Quality of life ................................

1.2 Technology acceptance

1.3 Usability ................................

2 Tools and metrics for the first evaluation cycle in lab

2.1 Step I Metrics: What has to be measured?

2.1.1 Quality of life

2.1.2 Technology acceptance

2.1.3 Usability ................................

2.2 Step II Tools: What are the most useful tools?

2.2.1 Quality of life

2.2.2 Technology acceptance

2.2.3 Usability ................................

2.3 Step III: Issues for the adaptation for the Robot

2.3.1 Indoor robot

2.3.2 Outdoor robot

2.3.3 Condominium robot

2.3.4 Human Robot Interaction

3 Conclusions ................................

References ................................

Argyle, M. (1987). The Psycholog
 ................................

Cohen, S. (2004) Social relationship and health. American 
Psychologist, 59, 676

Diener, E. (1984). Subjective well
(3), 542–575. ................................

Nielsen, J. (1993): Usability Engineering, San Francisco: Morgan 

Kaufmann. ................................

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

Table  o f  Contents  

................................................................

State of the art on Robotics in favour of older people

..............................................................................................

Technology acceptance ................................................................

................................................................................................

Tools and metrics for the first evaluation cycle in lab

Step I Metrics: What has to be measured? ................................

Quality of life ................................................................

Technology acceptance ................................................................

..........................................................................................

Step II Tools: What are the most useful tools? ................................

Quality of life ................................................................

Technology acceptance ................................................................

..........................................................................................

Step III: Issues for the adaptation for the Robot-Era evaluation in lab

Indoor robot ................................................................

Outdoor robot ................................................................

Condominium robot ................................................................

Human Robot Interaction ................................................................

................................................................

......................................................................................

Argyle, M. (1987). The Psychology of Happiness. Methuen, London.
...............................................................................................

Cohen, S. (2004) Social relationship and health. American 
Psychologist, 59, 676-684. .....................................................

Diener, E. (1984). Subjective well-being. Psychological Bulletin , 95 
................................................................

Nielsen, J. (1993): Usability Engineering, San Francisco: Morgan 

................................................................

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 3 of 39 

 

........................................... 5 

vour of older people .................. 6 

.............................. 9 

............................................... 10 

................................... 11 

Tools and metrics for the first evaluation cycle in lab ................ 13 

.................................................... 13 

................................................... 13 

..................................... 15 

.......................... 16 

.............................................. 19 

................................................... 20 

..................................... 22 

.......................... 23 

Era evaluation in lab.............. 29 

.................................................... 29 

.................................................. 30 

.......................................... 32 

.................................. 32 

................................................ 34 

...................... 35 

y of Happiness. Methuen, London.
............................... 35 

Cohen, S. (2004) Social relationship and health. American 
..................... 35 

being. Psychological Bulletin , 95 
......................................... 36 

Nielsen, J. (1993): Usability Engineering, San Francisco: Morgan 

.............................................. 37 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Wilkinson, R.G. (1996) Unhealthy Societies: The Afflictions of 
Inequality. London: Routledge.

 

 

 

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

Wilkinson, R.G. (1996) Unhealthy Societies: The Afflictions of 
Inequality. London: Routledge. ................................

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 4 of 39 

 

Wilkinson, R.G. (1996) Unhealthy Societies: The Afflictions of 
.............................................. 39 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Execut ive  summary

 

The aim of the document is to give an overview of the most recent and important theories 

on the quality of life, technology acceptance and usability in the older people. 

In particular, a dissertation on the main 

the evaluation of the metrics and benchmarks to be defined for the experimental protocol in 

lab. 

The work is required in Task 2.2: “this task will develop the assessment and control tools to 

monitor and verify the effectiveness of Robot

acceptability by older users. In particular INRCA and YOUSE should study metrics and 

benchmarks related to: 

• the efficaciousness of Robot

services; 

• the usability of Robot-

• the acceptability of Robot

• the impact and the effects on quality of life perceived by elderly persons and their 

caregivers. 

This research started from existing 

usability, the Unified Theory of Acceptance and Use of Technology (UTAUT), the Technology 

acceptance model (TAM), the Quality of Life Scale (QOLS), to define tools, metrics and 

questionnaires suited for the evaluation of Robot

laboratory. 
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Execut ive  summary 

The aim of the document is to give an overview of the most recent and important theories 

on the quality of life, technology acceptance and usability in the older people. 

In particular, a dissertation on the main dimensions and definitions of the concepts supports 

the evaluation of the metrics and benchmarks to be defined for the experimental protocol in 

The work is required in Task 2.2: “this task will develop the assessment and control tools to 

erify the effectiveness of Robot-Era services and systems and their 

acceptability by older users. In particular INRCA and YOUSE should study metrics and 

the efficaciousness of Robot-Era systems in providing and supporting the planned

-Era platforms; 

the acceptability of Robot-Era services and components by elderly people;

the impact and the effects on quality of life perceived by elderly persons and their 

This research started from existing evaluation means and theories, such as the ISO 3241 on 

usability, the Unified Theory of Acceptance and Use of Technology (UTAUT), the Technology 

acceptance model (TAM), the Quality of Life Scale (QOLS), to define tools, metrics and 

r the evaluation of Robot-Era systems and services in the 
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1  State  of  the  art  on Robotics  in  favour  of  
o lder  people 

 

The field of Robotic Services is a mature and increasing scientific area for ageing well 

applications that is intended to improve the quality of life and the independent living of 

older people.  

Under FP6, FP7 and AAL programme several project have been fu

good level of cognitive and sensory

such as navigation and learning (Robots@Home, Movement, Radhar, Europa, Mow

and Iuro projects), manipulation (Handle, and First

interaction and cognition (Chris, and Aliz

(DustBot, and Urus project), humanoid (Humavips project), and learning and intelligence 

(Explorers project). 

As wrote in D2.1 “Report on t

assistive personal robot for elderly and disable people is one of the major application 

domain of biomedical robotics. The benefits of those solutions can be ascribed at regaining 

autonomy and ensuring the quality of life of the final users, in terms of restoring, partially, 

independence and autonomy, reducing work load for carers and economic savings for 

individuals and government (Salvini, P., Laschi, C., & Dario, P. , 2007). Within the most 

important solutions developed till now, Pearl (by the University of Pittsburgh and Carnegie 

Mellon University, USA), Caro

Engineering and Automation, Stuttgart, Germany), and RI

Control Research Center) represent good examples of assistive robots, as well as CareBot™ 

MSR 3.4 produced by Gecko Systems.

In the specific area of Robotics for Ageing other numerous project have been funded under 

FP7 and AAL programme: 

 

Program Name of The Project 

FP7-ICT Companiable (IP) 

Integrated Cognitive 

Assistive & Domotic 

Companion Robotic

Systems for Ability 

& Security 

 

FP7-ICT FLORENCE 

Purpose Mobile 

Robot for Ambient 

Assisted Living

 

FP7-ICT SRS - Multi

Shadow Robotic 

System for 

Independent Living
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State  of  the  art  on Robotics  in  favour  of  
 

The field of Robotic Services is a mature and increasing scientific area for ageing well 

applications that is intended to improve the quality of life and the independent living of 

Under FP6, FP7 and AAL programme several project have been funded in order to reach a 

good level of cognitive and sensory-motor skills in scientific and technological challenges, 

such as navigation and learning (Robots@Home, Movement, Radhar, Europa, Mow

and Iuro projects), manipulation (Handle, and First-MM projects), safe human robot 

interaction and cognition (Chris, and Aliz-E projects), network of robots and middleware 

(DustBot, and Urus project), humanoid (Humavips project), and learning and intelligence 

As wrote in D2.1 “Report on the robotic services analysis with respect to elderly users”, 

assistive personal robot for elderly and disable people is one of the major application 

domain of biomedical robotics. The benefits of those solutions can be ascribed at regaining 

suring the quality of life of the final users, in terms of restoring, partially, 

independence and autonomy, reducing work load for carers and economic savings for 

individuals and government (Salvini, P., Laschi, C., & Dario, P. , 2007). Within the most 

ortant solutions developed till now, Pearl (by the University of Pittsburgh and Carnegie 

Mellon University, USA), Caro-o-bot II (by Fraunhofer Institute for Manufacturing 

Engineering and Automation, Stuttgart, Germany), and RI-MAN (by Riken’s Bio

ontrol Research Center) represent good examples of assistive robots, as well as CareBot™ 

MSR 3.4 produced by Gecko Systems. 

In the specific area of Robotics for Ageing other numerous project have been funded under 

Name of The Project  Summary 

Companiable (IP) - 

Integrated Cognitive 

Assistive & Domotic 

Companion Robotic 

Systems for Ability 

 

The project addresses the integration of companion 

robots into smart home environments to provide 

care support for older people living alone at home,

and to help their care-givers. 

FLORENCE - Multi 

Purpose Mobile 

Robot for Ambient 

Assisted Living 

The aim of the Florence project is to improve the 

well-being of elderly (and that of their beloved 

ones) as well as improve the efficiency in care 

through Ambient Assisted Living (AAL) services, 

supported by a general-purpose mobile robot 

platform. The Florence project will investigate the 

use of such robots in delivering new kinds of AAL 

services to elderly persons and their care 

providers. 

Multi-Role 

Shadow Robotic 

System for 

Independent Living 

The project focuses on the development and 

prototyping of remotely

autonomous robotic solutions in domestic 

environments to support elderly people. In 

particular, the SRS project will demonstrate an 
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purpose mobile robot 
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FP7-ICT MobiServ 

Integrated 

Intelligent Home 

Environment for the 

Provision of Health,

Nutrition and 

Mobility Services to 

the Elderly 

 

FP7-ICT KSERA 

Knowledgable 

SErvice Robots for 

Aging 

 

FP7-ICT ACCOMPANY 

Acceptable robotics 

COMPanions for 

AgeiNg Years

 

FP7-ICT Giraff+ - 

social interaction 

and long term 

monitoring for 

promoting 

independent living

 

AAL DOMEO – 
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innovative, practical and efficient system called 

“SRS robot” for personalized home care.

MobiServ – An 

Intelligent Home 

Environment for the 

Provision of Health, 

Nutrition and 

Mobility Services to 

 

The objective of the MOBISERV project is to 

develop a proactive personal service robotics for 

supporting independent living. The project will 

develop a personalized system, orchestrating vital 

signs recording and analysis, warnings, and alerts 

to health and emergency assistance networks. 

The physical elements are a robotic platform 

equipped with cameras and wireless 

communication devices, smart

home automation infrastructure (e.g. wifi, sensors, 

central home control server etc) and intelligent 

textiles embedding sensors. 

- 

Knowledgable 

SErvice Robots for 

KSERA investigates the integration of assistive 

home technology and service robotics to support 

older users in a domestic environment. T

aim is to develop a socially assistive robot that 

helps elderly people, especially those 

with Chronic Obstructive Pulmonary

(COPD), with their daily activities, care needs and 

self-management of their disease.

ACCOMPANY - 

e robotics 

COMPanions for 

AgeiNg Years 

The proposed ACCOMPANY system will consist of a 

robotic companion as part of an intelligent 

environment, providing services to elderly users in 

a motivating and socially acceptable manner to 

facilitate independent living at home. The 

ACCOMPANY system will provide physical, cognitive 

and social assistance in everyday home tasks, and 

will assist the user in being able to carry out 

certain tasks on his/her own. 

 Combing 

social interaction 

and long term 

monitoring for 

 

independent living 

Early detection and adaptive support to changing 

individual needs related to ageing is an important 

challenge in today society. The Giraff+ project 

aims at developing a system that addresses such a 

challenge. The system consists of a network of 

home sensors that measure e.g. blood pressure or 

temperature, or detect e.g. whether somebody 

occupies a chair, falls down or moves inside a 

room. The data from these sensors are interpreted 

by an intelligent system in 

terms of activities. These activities can then trigger 

alarms or reminders to the person or his/her 

caregivers, or be analyzed over time by a health 

professional. There is also a 

telepresence robot, the Giraff, which can be moved 

around in the home by someb

over internet, e.g. a caregiver. The Giraff is 

effectively a mobile communication platform,

equipped with video camera and display, and 

microphone and speakers, and it helps the user to 

maintain his/her social contacts.

 Domestic DOMEO  focuses on the development of an open 
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Programme Robot for elderly 

assistance 

AAL 

Programme 

ALIAS: The 

Adaptable Ambient 

Living Assistant

 

Despite research progress and increasing 

service robotics market has not fully developed its enormous potential yet. 

Most robots, oriented at assisting people at home, are targeted specifically at elderly with 

the goal of keeping them longer ind

related to favoring social interaction of the users with outsides (i.e. video calls), reminding 

events, supervising the house and the person through video camera and alarms. Some of 

these robot do not have the arm and functionalities related to the manipulation, therefore 

they are not able to satisfy other important activities of daily living, crucial for elderly 

people autonomy (such as bringing heavy objects, etc.).

Moreover, from the aesthetic poin

aesthetics criterions not suited both for elderly people and for real environments: for 

instance  some of them are so big that can move only in big open spaces. 

As regards this issue, it is important 

evaluation of the usability and acceptability requirements of the platforms and services, in 

order to proceed with the development, giving first suggestions to the developers about  

older people wishes and preferences. To extract this information, interviews with end

were organized to investigate their perspective on technology and their acceptance behavior 

(see D2.3).  

The Robot- Era project is very innovative because aims to overcome the gap betwe

developing robotics technology and the users by delivering a fully realized system based on 

the cooperation of multiple heterogeneous robots and with the support of an Ambient 

Intelligence infrastructure (F. Broz, A. G. Di Nuovo, T. Belpaeme, and A.

Respect to ongoing projects in robotics and smart systems to support the elderly, 

Robot-Era has the following distinctive and innovative features:

 

1) The robotic platforms will be able to finely manipulate objects;  it could physically 

interact with the user

industrial robots- criteria: distance, speed). Additionally the system will be able to 

effectively communicate feedback about its task performance and status to the user.

 

2) Use of three different robotic platforms for providing many services, crucial for 

improving quality of life and independence of older people. Each robot will be 
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Robot for elderly 

 

robotic platform for the integration and adaptation 

of personalized homecare services, as well as 

cognitive and physical assistance.

2 robotics platforms are evaluate

project, RobuMate for cognitive stimulation and 

daily life assistance, and RobuWalker for walking 

assistance. These 2 platforms are connected with a 

remote medical centre through Web interface.

ALIAS: The 

Adaptable Ambient 

Assistant 

The objective of the project Adaptable Ambient 

LIving ASsistant (ALIAS) is the product 

development of a mobile robot system that 

interacts with elderly users, provides assistance in 

daily life, and promotes social inclusion by creating 

connections to people and events in the wider 

world. ALIAS is embodied by a mobile robot 

platform with the capacity to monitor, interact with 

and access information from on

without manipulation capabilities.

Despite research progress and increasing industrial and social interest and commitment, the 

service robotics market has not fully developed its enormous potential yet. 

Most robots, oriented at assisting people at home, are targeted specifically at elderly with 

the goal of keeping them longer independent. Services offered by these robots include tasks 

related to favoring social interaction of the users with outsides (i.e. video calls), reminding 

events, supervising the house and the person through video camera and alarms. Some of 

t have the arm and functionalities related to the manipulation, therefore 

they are not able to satisfy other important activities of daily living, crucial for elderly 

people autonomy (such as bringing heavy objects, etc.). 

Moreover, from the aesthetic point of view, most robots are designed with dimension and 

aesthetics criterions not suited both for elderly people and for real environments: for 

instance  some of them are so big that can move only in big open spaces. 

As regards this issue, it is important to say that in Robot Era was conducted a preliminary 

evaluation of the usability and acceptability requirements of the platforms and services, in 

order to proceed with the development, giving first suggestions to the developers about  

nd preferences. To extract this information, interviews with end

were organized to investigate their perspective on technology and their acceptance behavior 

Era project is very innovative because aims to overcome the gap betwe

developing robotics technology and the users by delivering a fully realized system based on 

the cooperation of multiple heterogeneous robots and with the support of an Ambient 

Intelligence infrastructure (F. Broz, A. G. Di Nuovo, T. Belpaeme, and A.

Respect to ongoing projects in robotics and smart systems to support the elderly, 

Era has the following distinctive and innovative features: 

The robotic platforms will be able to finely manipulate objects;  it could physically 

teract with the user- not just via screen (test for physical interaction mostly for 

criteria: distance, speed). Additionally the system will be able to 

effectively communicate feedback about its task performance and status to the user.

Use of three different robotic platforms for providing many services, crucial for 

improving quality of life and independence of older people. Each robot will be 
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robotic platform for the integration and adaptation 

of personalized homecare services, as well as 

cognitive and physical assistance. 

2 robotics platforms are evaluated in DOMEO 

project, RobuMate for cognitive stimulation and 

daily life assistance, and RobuWalker for walking 

assistance. These 2 platforms are connected with a 

remote medical centre through Web interface. 

The objective of the project Adaptable Ambient 

LIving ASsistant (ALIAS) is the product 

development of a mobile robot system that 

interacts with elderly users, provides assistance in 

daily life, and promotes social inclusion by creating 

s to people and events in the wider 

world. ALIAS is embodied by a mobile robot 

platform with the capacity to monitor, interact with 

and access information from on-line services, 

without manipulation capabilities. 

industrial and social interest and commitment, the 

service robotics market has not fully developed its enormous potential yet.  

Most robots, oriented at assisting people at home, are targeted specifically at elderly with 

ependent. Services offered by these robots include tasks 

related to favoring social interaction of the users with outsides (i.e. video calls), reminding 

events, supervising the house and the person through video camera and alarms. Some of 

t have the arm and functionalities related to the manipulation, therefore 

they are not able to satisfy other important activities of daily living, crucial for elderly 

t of view, most robots are designed with dimension and 

aesthetics criterions not suited both for elderly people and for real environments: for 

instance  some of them are so big that can move only in big open spaces.  

to say that in Robot Era was conducted a preliminary 

evaluation of the usability and acceptability requirements of the platforms and services, in 

order to proceed with the development, giving first suggestions to the developers about  

nd preferences. To extract this information, interviews with end-users 

were organized to investigate their perspective on technology and their acceptance behavior 

Era project is very innovative because aims to overcome the gap between the 

developing robotics technology and the users by delivering a fully realized system based on 

the cooperation of multiple heterogeneous robots and with the support of an Ambient 

Intelligence infrastructure (F. Broz, A. G. Di Nuovo, T. Belpaeme, and A. Cangelosi, 2012).  

Respect to ongoing projects in robotics and smart systems to support the elderly, 

 

The robotic platforms will be able to finely manipulate objects;  it could physically 

not just via screen (test for physical interaction mostly for 

criteria: distance, speed). Additionally the system will be able to 

effectively communicate feedback about its task performance and status to the user. 

Use of three different robotic platforms for providing many services, crucial for 

improving quality of life and independence of older people. Each robot will be 
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designed for a specific environment (home, condominium and outdoor) with a set of 

related tasks. Moreover it is important to highlight the novelty of the integration of 

smart environments (AMI) and robotic systems, both indoor and outdoor, for 

providing continuous “3D services” (“taking care of the elderly from “home to street” 

and vice versa ). Res

organisation of  the services, finding a new paradigm of home and urban services , 

oriented to support autonomy  and improve quality of life of older people at home 

and in urban space. As noted in D2.2 

• Drug and shopping delivery

• Indoor escort at night

• Surveillance 

• Laundry support

• Food delivery 

• Cleaning 

• Communication (video call) with friends, family, caregivers, service providers

• Reminding (of events or 

• Garbage collection

• Outdoor walking support

• Objects transportation and manipulation

 

3) Extensive validation in realistic and real settings with real users will be implemented: 

in other project  the number of participants is limited (normally not

personal test in private rooms). In Robot

carried out with at least 70 elderly people in realistic environments but in controlled 

setting for 6 months and the second experimental loop will be carr

40 users in real settings for 8 months.

 

Finally in other project, test are focused on software components, in Robot

not just for software but also for hardware components.

 

1 . 1  Qua l i t y  o f  l i f e  

Interest in quality of life is not

concepts of happiness, life satisfaction, well

attracted much conceptual confusion, and have interested a wide range of disciplines, 

dating far back to Greek philosophy and Aristotle. The Greek philosophers were much taxed 

by notions of happiness and the good life. Aristippus, for example, 

life is to experience the maximum amount of pleasure and that happiness is the sum to

hedonic episodes. Instead, Aristotele believed that hedonic happiness was a vulgar ideal and 

argued that true happiness is found in doing what is worth doing (Ryan and Deci 2001). 

The Word Health Organization defines the quality of Life as the indi

their position in life, in the culture and value system in which they live and in relation to 

their goals, expectations, standards and concerns. 

This definition is indistrictable related to the person's physical health, psychologica

level of independence, social relationships, personal beliefs and their relationship to salient 

features of their environment. 

As noted by Shin and Johnson, (1978) the quality of life can be also defined as a global 

assessment of a person’s life 
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designed for a specific environment (home, condominium and outdoor) with a set of 

. Moreover it is important to highlight the novelty of the integration of 

smart environments (AMI) and robotic systems, both indoor and outdoor, for 

providing continuous “3D services” (“taking care of the elderly from “home to street” 

and vice versa ). Respect to other projects, Robot Era  will move to a new 

organisation of  the services, finding a new paradigm of home and urban services , 

oriented to support autonomy  and improve quality of life of older people at home 

and in urban space. As noted in D2.2  the services to be tested are the following: 

Drug and shopping delivery 

Indoor escort at night 

Laundry support 

 

Communication (video call) with friends, family, caregivers, service providers

Reminding (of events or taking drugs) 

Garbage collection 

Outdoor walking support 

Objects transportation and manipulation 

Extensive validation in realistic and real settings with real users will be implemented: 

in other project  the number of participants is limited (normally not

personal test in private rooms). In Robot-Era, the first loop of experiments will be 

carried out with at least 70 elderly people in realistic environments but in controlled 

setting for 6 months and the second experimental loop will be carr

40 users in real settings for 8 months. 

Finally in other project, test are focused on software components, in Robot

not just for software but also for hardware components. 

Interest in quality of life is not a recent phenomenon. The theoretical definitions of related 

concepts of happiness, life satisfaction, well-being, the ‘good life’ and ‘quality of life’ have 

attracted much conceptual confusion, and have interested a wide range of disciplines, 

ack to Greek philosophy and Aristotle. The Greek philosophers were much taxed 

by notions of happiness and the good life. Aristippus, for example, thought

life is to experience the maximum amount of pleasure and that happiness is the sum to

hedonic episodes. Instead, Aristotele believed that hedonic happiness was a vulgar ideal and 

argued that true happiness is found in doing what is worth doing (Ryan and Deci 2001). 

The Word Health Organization defines the quality of Life as the individuals’ perception of 

their position in life, in the culture and value system in which they live and in relation to 

their goals, expectations, standards and concerns.  

This definition is indistrictable related to the person's physical health, psychologica

level of independence, social relationships, personal beliefs and their relationship to salient 

features of their environment.  

As noted by Shin and Johnson, (1978) the quality of life can be also defined as a global 

assessment of a person’s life satisfaction according to his/her chosen criteria.
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designed for a specific environment (home, condominium and outdoor) with a set of 

. Moreover it is important to highlight the novelty of the integration of 

smart environments (AMI) and robotic systems, both indoor and outdoor, for 

providing continuous “3D services” (“taking care of the elderly from “home to street” 

pect to other projects, Robot Era  will move to a new 

organisation of  the services, finding a new paradigm of home and urban services , 

oriented to support autonomy  and improve quality of life of older people at home 

the services to be tested are the following:  

Communication (video call) with friends, family, caregivers, service providers 

Extensive validation in realistic and real settings with real users will be implemented: 

in other project  the number of participants is limited (normally not more than 20-30 

Era, the first loop of experiments will be 

carried out with at least 70 elderly people in realistic environments but in controlled 

setting for 6 months and the second experimental loop will be carried with at least 

Finally in other project, test are focused on software components, in Robot-Era Tests are 

a recent phenomenon. The theoretical definitions of related 

being, the ‘good life’ and ‘quality of life’ have 

attracted much conceptual confusion, and have interested a wide range of disciplines, 

ack to Greek philosophy and Aristotle. The Greek philosophers were much taxed 

thought that the goal of 

life is to experience the maximum amount of pleasure and that happiness is the sum total of 

hedonic episodes. Instead, Aristotele believed that hedonic happiness was a vulgar ideal and 

argued that true happiness is found in doing what is worth doing (Ryan and Deci 2001).  

viduals’ perception of 

their position in life, in the culture and value system in which they live and in relation to 

This definition is indistrictable related to the person's physical health, psychological state, 

level of independence, social relationships, personal beliefs and their relationship to salient 

As noted by Shin and Johnson, (1978) the quality of life can be also defined as a global 

satisfaction according to his/her chosen criteria. 
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Diener (1984) suggested that the opinion of how satisfied people are with their present 

state of affairs is based on a comparison with a standard, which each individual sets for 

himself or herself. It is not externally imposed. Although many people see wealth, h

employment, leisure, personal life, and fame as desirable, different individuals may place 

different values on them. As defined by Argyle (1987), the meaning of happiness is a state 

of joy or positive emotion; or the satisfaction with life as a whol

other parts of it. Therefore, quality of life is a measure of the overall life satisfaction, rather 

than a sum of the life satisfaction across specific domains.

In reviewing the literature, two perspectives have been used to a

of the quality of life: the subjective and the objective perspective. 

The subjective construct hypothesizes that perceived quality of life is influenced by 

personality or dispositional factors (e.g., optimism, pessimism, isolation

neuroticism). On the other hand, the objective construct proposes that life quality is 

affected by environmental or situational factors (e.g., family, job, leisure, neighborhood, 

community, and satisfaction with standard of living). Accor

people’s quality of life tends to be a direct function of their evaluations on important life 

domains such as social support, leisure activities, and standard of living (Andrew, 1986; 

Diener, 1984). Satisfaction or dissat

influence subjective well-being. 

As it can drawn up from the dissertation, there are thousands of research looking at the 

predictors of quality of life, especially in the older people. Among the

influence the target concept, wealth, health and social relationships seem to be the three 

main transversal predictors of achieving and/or maintaining a good quality of life. Of course, 

this is due to the impact of government policies on 

policies and income. For example, income can influence the ability to be in contact with 

family and friends, as well as helps determine the nature of one’s recreational activities and, 

hence, one’s social networks

of life in elderly are reported, that should included during the evaluation of the benefit with 

the Robot-Era platform (in-lab).

Of course, the dimensions that are reported will give an idea of

to be used and that are the most suitable for analyzing the quality of life construct, but they 

will be necessarily reformulated for the purpose of the project, in order to have a devoted 

model for the technical evaluation of 

approaches. 

1 . 2  T e c hno l o g y  a c c ep t a n c e

Due to the effect of aging, older people have many difficulties in using technology. Physical 

limitation, such as vision decline, hearing loss, motor skill diminishment (White and 

Weatherall 2000), and cognitive effects such as difficulty in remembering na

learning also challenges the interaction of the older people with the technology (Gao at all, 

2007).  

Variables that contribute to the elderly acceptance of technology are: attitude towards 

usage behavior, subjective norm, perceived usefulness, per

voluntariness, experience. Among all the variables, perceived usefulness is recognized to be 

the most important one to predict technology acceptance in many studies (Chau, 1996), 

while some research suggested that perceived ease to use 

Many theories and models on technology acceptance have been developed, mainly 

grounded on the Theory of Reasoned Action (Fishbein et al., 1975). The Theory of Reasoned 

Action (TRA) was developed in 1967. During the early 1

expanded by Ajzen and Fishbein. By 1980 the theory was used to study human behavior 

and develop appropriate interventions. TRA is a widely studied model from social 
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(1984) suggested that the opinion of how satisfied people are with their present 

state of affairs is based on a comparison with a standard, which each individual sets for 

himself or herself. It is not externally imposed. Although many people see wealth, h

employment, leisure, personal life, and fame as desirable, different individuals may place 

different values on them. As defined by Argyle (1987), the meaning of happiness is a state 

of joy or positive emotion; or the satisfaction with life as a whole, or with work, leisure, and 

other parts of it. Therefore, quality of life is a measure of the overall life satisfaction, rather 

than a sum of the life satisfaction across specific domains. 

In reviewing the literature, two perspectives have been used to approach the determinants 

of the quality of life: the subjective and the objective perspective.  

The subjective construct hypothesizes that perceived quality of life is influenced by 

personality or dispositional factors (e.g., optimism, pessimism, isolation

neuroticism). On the other hand, the objective construct proposes that life quality is 

affected by environmental or situational factors (e.g., family, job, leisure, neighborhood, 

community, and satisfaction with standard of living). According to the objective perspective, 

people’s quality of life tends to be a direct function of their evaluations on important life 

domains such as social support, leisure activities, and standard of living (Andrew, 1986; 

Diener, 1984). Satisfaction or dissatisfaction with standard of living is likely to spill over to 

being.  

As it can drawn up from the dissertation, there are thousands of research looking at the 

predictors of quality of life, especially in the older people. Among the

influence the target concept, wealth, health and social relationships seem to be the three 

main transversal predictors of achieving and/or maintaining a good quality of life. Of course, 

this is due to the impact of government policies on all the three factors, as well as taxation 

policies and income. For example, income can influence the ability to be in contact with 

family and friends, as well as helps determine the nature of one’s recreational activities and, 

hence, one’s social networks. In the next paragraph, the most important metrics of quality 

of life in elderly are reported, that should included during the evaluation of the benefit with 

lab). 

Of course, the dimensions that are reported will give an idea of which will be the indicators 

to be used and that are the most suitable for analyzing the quality of life construct, but they 

will be necessarily reformulated for the purpose of the project, in order to have a devoted 

model for the technical evaluation of the Robot-Era platform, grounded on strong theoretical 

T e c hno l o g y  a c c ep t a n c e  

Due to the effect of aging, older people have many difficulties in using technology. Physical 

limitation, such as vision decline, hearing loss, motor skill diminishment (White and 

Weatherall 2000), and cognitive effects such as difficulty in remembering na

learning also challenges the interaction of the older people with the technology (Gao at all, 

Variables that contribute to the elderly acceptance of technology are: attitude towards 

usage behavior, subjective norm, perceived usefulness, perceived ease of use, 

voluntariness, experience. Among all the variables, perceived usefulness is recognized to be 

the most important one to predict technology acceptance in many studies (Chau, 1996), 

while some research suggested that perceived ease to use is the second one (Davis, 1989). 

Many theories and models on technology acceptance have been developed, mainly 

grounded on the Theory of Reasoned Action (Fishbein et al., 1975). The Theory of Reasoned 

Action (TRA) was developed in 1967. During the early 1970s, the theory was revised and 

expanded by Ajzen and Fishbein. By 1980 the theory was used to study human behavior 

and develop appropriate interventions. TRA is a widely studied model from social 
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(1984) suggested that the opinion of how satisfied people are with their present 

state of affairs is based on a comparison with a standard, which each individual sets for 

himself or herself. It is not externally imposed. Although many people see wealth, health, 

employment, leisure, personal life, and fame as desirable, different individuals may place 

different values on them. As defined by Argyle (1987), the meaning of happiness is a state 

e, or with work, leisure, and 

other parts of it. Therefore, quality of life is a measure of the overall life satisfaction, rather 

pproach the determinants 

The subjective construct hypothesizes that perceived quality of life is influenced by 

personality or dispositional factors (e.g., optimism, pessimism, isolation, self-worth, and 

neuroticism). On the other hand, the objective construct proposes that life quality is 

affected by environmental or situational factors (e.g., family, job, leisure, neighborhood, 

ding to the objective perspective, 

people’s quality of life tends to be a direct function of their evaluations on important life 

domains such as social support, leisure activities, and standard of living (Andrew, 1986; 

isfaction with standard of living is likely to spill over to 

As it can drawn up from the dissertation, there are thousands of research looking at the 

predictors of quality of life, especially in the older people. Among the factors that can 

influence the target concept, wealth, health and social relationships seem to be the three 

main transversal predictors of achieving and/or maintaining a good quality of life. Of course, 

all the three factors, as well as taxation 

policies and income. For example, income can influence the ability to be in contact with 

family and friends, as well as helps determine the nature of one’s recreational activities and, 

. In the next paragraph, the most important metrics of quality 

of life in elderly are reported, that should included during the evaluation of the benefit with 

which will be the indicators 

to be used and that are the most suitable for analyzing the quality of life construct, but they 

will be necessarily reformulated for the purpose of the project, in order to have a devoted 

Era platform, grounded on strong theoretical 

Due to the effect of aging, older people have many difficulties in using technology. Physical 

limitation, such as vision decline, hearing loss, motor skill diminishment (White and 

Weatherall 2000), and cognitive effects such as difficulty in remembering names and 

learning also challenges the interaction of the older people with the technology (Gao at all, 

Variables that contribute to the elderly acceptance of technology are: attitude towards 

ceived ease of use, 

voluntariness, experience. Among all the variables, perceived usefulness is recognized to be 

the most important one to predict technology acceptance in many studies (Chau, 1996), 

is the second one (Davis, 1989).  

Many theories and models on technology acceptance have been developed, mainly 

grounded on the Theory of Reasoned Action (Fishbein et al., 1975). The Theory of Reasoned 

970s, the theory was revised and 

expanded by Ajzen and Fishbein. By 1980 the theory was used to study human behavior 

and develop appropriate interventions. TRA is a widely studied model from social 
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psychology, concerning the determinants of consciously int

Fishbein, 1980; Fishbein and Ajzen, 1975). 

Basically, TRA was formulated to provide consistency in studies on the relationship between 

behaviour and attitudes (Fishbein & Ajzen 1975; Werner 2004): the main assumption is that 

individuals are rational in considering their actions and the implications of their actions 

(decision-making). According to Fishbein and Ajzen, ”individuals are usually quite rational 

and make systematic use of information available to them. People consider t

of their actual behaviors before they decide to engage or not engage in a given behavior” 

(Ajzen and Fishbein, 1980). After reviewing all the studies, they have developed a theory 

that could predict and understand behavior and attitudes, ta

intentions rather than attitudes as the main predictors of actual behaviors. According to 

TRA, a person’s performance of a specified behavior is determined by his/her behavioral 

intention to perform the behavior, jointly determ

norm concerning that behavior.

In addition to the TRA, the Social Cognitive Theory (Bandura, 1986) gave the theoretical 

basis of the technology acceptance behavior.  

In particular, the theory suggests that envi

of cognitive and affective factors, etc.), and behaviors are determined reciprocally: the 

individual cognitive competencies influence the behavior of using a technology and the 

successful interactions with t

perceptions (Compeau et al., 1999). 

The theory gives importance to the concept of self

one’s ability to use a technology to accomplish a particular task, influencin

and performance-related outcome expectations (Compeau, 1995). Outcome expectations, 

including personal and performance

users’ behavior, while affect is referred to an individual's lik

(e.g., computer use). 

 

1 . 3  Usab i l i t y  

It is not easy to bring it on the spot with customers when designing new products or 

services. Importance of user centred design and usability is today much more in developers 

focus than some years ago. Shortening product life cycles and a plethora of functions make 

products come and disappear at a quick rate, leaving customers more confused than 

pleased. As a result many users don’t grasp the full potential of a product with all its 

possibilities. 

Not too long ago usability was a vocabulary used in informatics, today it is practiced by 

various companies. A good usability offers the opportunity of producing high acceptance and 

also offers the chance of reducing product development costs and loops

engineering. 

In general Usability consists of two dimensions

“Functionality” means the ability of a product t

adjusted way of designing anticipated human

balanced to reach a high degree of usability. Thus, the more functions a product provides, 

the more has to be worked on a good ease

2004). 
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psychology, concerning the determinants of consciously intended behaviors (Ajzen and 

Fishbein, 1980; Fishbein and Ajzen, 1975).  

Basically, TRA was formulated to provide consistency in studies on the relationship between 

behaviour and attitudes (Fishbein & Ajzen 1975; Werner 2004): the main assumption is that 

ividuals are rational in considering their actions and the implications of their actions 

making). According to Fishbein and Ajzen, ”individuals are usually quite rational 

and make systematic use of information available to them. People consider t

of their actual behaviors before they decide to engage or not engage in a given behavior” 

(Ajzen and Fishbein, 1980). After reviewing all the studies, they have developed a theory 

that could predict and understand behavior and attitudes, taking into account behavioral 

intentions rather than attitudes as the main predictors of actual behaviors. According to 

TRA, a person’s performance of a specified behavior is determined by his/her behavioral 

intention to perform the behavior, jointly determined by the person’s attitude and subjective 

norm concerning that behavior. 

In addition to the TRA, the Social Cognitive Theory (Bandura, 1986) gave the theoretical 

basis of the technology acceptance behavior.   

In particular, the theory suggests that environmental factors, personal factors (in the form 

of cognitive and affective factors, etc.), and behaviors are determined reciprocally: the 

individual cognitive competencies influence the behavior of using a technology and the 

successful interactions with the technology also influence the individual cognitive 

perceptions (Compeau et al., 1999).  

The theory gives importance to the concept of self-efficacy, defined as the judgment of 

one’s ability to use a technology to accomplish a particular task, influencin

related outcome expectations (Compeau, 1995). Outcome expectations, 

including personal and performance-related ones, are major cognitive factors in influencing 

users’ behavior, while affect is referred to an individual's liking for a particular behavior 

It is not easy to bring it on the spot with customers when designing new products or 

services. Importance of user centred design and usability is today much more in developers 

ears ago. Shortening product life cycles and a plethora of functions make 

products come and disappear at a quick rate, leaving customers more confused than 

pleased. As a result many users don’t grasp the full potential of a product with all its 

Not too long ago usability was a vocabulary used in informatics, today it is practiced by 

various companies. A good usability offers the opportunity of producing high acceptance and 

also offers the chance of reducing product development costs and loops

In general Usability consists of two dimensions (Figure 1): functionality and ease of use. 

“Functionality” means the ability of a product to fulfill a task while “ease of use” is the 

adjusted way of designing anticipated human-computer-interaction. Both should be 

balanced to reach a high degree of usability. Thus, the more functions a product provides, 

the more has to be worked on a good ease of use (Baggen & Hemmerling 2002; Backhaus 
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ended behaviors (Ajzen and 

Basically, TRA was formulated to provide consistency in studies on the relationship between 

behaviour and attitudes (Fishbein & Ajzen 1975; Werner 2004): the main assumption is that 

ividuals are rational in considering their actions and the implications of their actions 

making). According to Fishbein and Ajzen, ”individuals are usually quite rational 

and make systematic use of information available to them. People consider the implications 

of their actual behaviors before they decide to engage or not engage in a given behavior” 

(Ajzen and Fishbein, 1980). After reviewing all the studies, they have developed a theory 

king into account behavioral 

intentions rather than attitudes as the main predictors of actual behaviors. According to 

TRA, a person’s performance of a specified behavior is determined by his/her behavioral 

ined by the person’s attitude and subjective 

In addition to the TRA, the Social Cognitive Theory (Bandura, 1986) gave the theoretical 

ronmental factors, personal factors (in the form 

of cognitive and affective factors, etc.), and behaviors are determined reciprocally: the 

individual cognitive competencies influence the behavior of using a technology and the 

he technology also influence the individual cognitive 

efficacy, defined as the judgment of 

one’s ability to use a technology to accomplish a particular task, influencing both personal 

related outcome expectations (Compeau, 1995). Outcome expectations, 

related ones, are major cognitive factors in influencing 

ing for a particular behavior 

It is not easy to bring it on the spot with customers when designing new products or 

services. Importance of user centred design and usability is today much more in developers 

ears ago. Shortening product life cycles and a plethora of functions make 

products come and disappear at a quick rate, leaving customers more confused than 

pleased. As a result many users don’t grasp the full potential of a product with all its 

Not too long ago usability was a vocabulary used in informatics, today it is practiced by 

various companies. A good usability offers the opportunity of producing high acceptance and 

also offers the chance of reducing product development costs and loops of product re-

: functionality and ease of use. 

a task while “ease of use” is the 

interaction. Both should be 

balanced to reach a high degree of usability. Thus, the more functions a product provides, 

of use (Baggen & Hemmerling 2002; Backhaus 
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Figure 1  Usablility as balance of functionality and ease of use (YOUSE 2012 according to Baggen & 

 

Usability describes how much a product, service or systems allows the user to reach a goal 

in an efficient, effective and satisfactory way (DIN 2006). 

Another vocabulary often used in the context of Usability is the User Experience. User 

Experience includes the anticipated use, the actual use (Usability) and the evaluation of the 

use afterwards. This perspective is focused on the users anticipation of handling a device 

and his/her attitude towards this technology before and after using it. That means Usabi

is one part of the whole User Experience. By describing technology acceptance and different 

users characteristics an explanation of user experience can be provided (see 

 

Figure 2. Comparison of Usability and User Experience (YOUSE 2012)
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Usablility as balance of functionality and ease of use (YOUSE 2012 according to Baggen & 

Hemmerling 2002) 

Usability describes how much a product, service or systems allows the user to reach a goal 

in an efficient, effective and satisfactory way (DIN 2006).  

Another vocabulary often used in the context of Usability is the User Experience. User 

es the anticipated use, the actual use (Usability) and the evaluation of the 

use afterwards. This perspective is focused on the users anticipation of handling a device 

and his/her attitude towards this technology before and after using it. That means Usabi

is one part of the whole User Experience. By describing technology acceptance and different 

users characteristics an explanation of user experience can be provided (see 
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2  Tools  and metr ics for  the  f i rst  evaluat ion 
cyc le  in lab 

2 . 1  S t e p  I  M e t r i c s :  Wha t  h a s  t o  b e  mea su r e d ?

2.1.1 Quality of life 

Personality  

It has been argued for some years that quality of life is a dispositional characteristic (Costa 

and McCrae, 1980; Costa et al, 1987) which is not only stable across the life span, but is 

biologically determined (Diener, 2000). The personality characteristics most stro

to subjective well-being are extraversion, neuroticism and having an internal locus of 

control, as well as optimism and self

has not been determined (Scheier and Carver, 1985; Scheier et 

1993c, Brandstadter and Baltes

According to Evans (1994), personality impacts on general and domain specific skills, 

affective tone and affect, and social support, all of which are linked with cognitive app

that determines, and is determined by, quality of life.

In the case of the Robot-Era testing phase, the analysis of the personality traits of the 

subjects will support the knowledge on the predisposition to the platform use as well as the 

impact/combination of the platform with the dispositional characteristics of the sample, for 

predicting a successful experience with the robots, the future use and thus the improvement 

of the quality of life. 

 

Health  

Almost all research in the field have showed th

of subjective quality of life in the older people. The World Health Organization (2007) 

defines health as a state of complete physical, mental and social well being and not merely 

the absence of disease or infirm

For this reason, to examine the impact of health on perceptions of quality of life, it is 

necessary to consider research on physical and mental health, including cognitive 

functioning, as well as social well

Nonetheless, it is important to tak

wealth: a very large body of research, in fact, have showed that wealth is closely linked to 

health, with those who are wealthier exhibiting better health (Wilkinson, 1996; McCarron, et 

al 1994). It is important to keep in mind also the social class inequalities in when 

considering the role of health in quality of life.

 

Physical health  

Age is the main risk factor for almost all illness and diseases. It seems inevitable to 

experience some disease or dis

likelihood of surviving to retirement, such as, for example being a smoker or a non

person, but almost all diseases have shown an increase with age (Manton, 1989; Wood and 

Bain, 2001). As noted by Solomon (1999), ageing is not the sole aetiology of a disturb but 

the ageing process itself is a potent predisposing factor for disease and conditions whose 

aetiology is multifactorial. In addition, Solomon extrapolates five ‘model’ ageing

diseases, (1) ischaemic heart disease, (2) malignant neoplasms, (3) diabetes mellitus, (4) 

osteoarthritis and (5) Alzheimer’s disease that all demonstrate these relationships 

(Solomon, 1999). As noted by Miller (1994), “Aging is a process that converts h

adults into frail ones, with diminished reserve in most physiological systems and an 

exponentially increasing vulnerability to most diseases and death.” Given the large, and 
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S t e p  I  M e t r i c s :  Wha t  h a s  t o  b e  mea su r e d ?  

argued for some years that quality of life is a dispositional characteristic (Costa 

and McCrae, 1980; Costa et al, 1987) which is not only stable across the life span, but is 

biologically determined (Diener, 2000). The personality characteristics most stro

being are extraversion, neuroticism and having an internal locus of 

control, as well as optimism and self-esteem, even if in this case the direction of causality 

has not been determined (Scheier and Carver, 1985; Scheier et al, 1989; Evans, et al 

1993c, Brandstadter and Baltes-Gotz, 1990; Young, 1991).  

According to Evans (1994), personality impacts on general and domain specific skills, 

affective tone and affect, and social support, all of which are linked with cognitive app

that determines, and is determined by, quality of life. 

Era testing phase, the analysis of the personality traits of the 

subjects will support the knowledge on the predisposition to the platform use as well as the 

mbination of the platform with the dispositional characteristics of the sample, for 

predicting a successful experience with the robots, the future use and thus the improvement 

Almost all research in the field have showed that health is the most important determinant 

of subjective quality of life in the older people. The World Health Organization (2007) 

defines health as a state of complete physical, mental and social well being and not merely 

the absence of disease or infirmity.  

For this reason, to examine the impact of health on perceptions of quality of life, it is 

necessary to consider research on physical and mental health, including cognitive 

functioning, as well as social well-being. 

Nonetheless, it is important to take in mind the “transversal” factor represented by the 

wealth: a very large body of research, in fact, have showed that wealth is closely linked to 

health, with those who are wealthier exhibiting better health (Wilkinson, 1996; McCarron, et 

important to keep in mind also the social class inequalities in when 

considering the role of health in quality of life. 

Age is the main risk factor for almost all illness and diseases. It seems inevitable to 

experience some disease or disability in old age. The individual behaviour influences the 

likelihood of surviving to retirement, such as, for example being a smoker or a non

person, but almost all diseases have shown an increase with age (Manton, 1989; Wood and 

oted by Solomon (1999), ageing is not the sole aetiology of a disturb but 

the ageing process itself is a potent predisposing factor for disease and conditions whose 

aetiology is multifactorial. In addition, Solomon extrapolates five ‘model’ ageing

diseases, (1) ischaemic heart disease, (2) malignant neoplasms, (3) diabetes mellitus, (4) 

osteoarthritis and (5) Alzheimer’s disease that all demonstrate these relationships 

(Solomon, 1999). As noted by Miller (1994), “Aging is a process that converts h

adults into frail ones, with diminished reserve in most physiological systems and an 

exponentially increasing vulnerability to most diseases and death.” Given the large, and 
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growing, body of research showing that physical health is a prime determina

quality of life, a comprehensive assessment of both perceived and objective physical health 

and mobility should be conducted for the testing phase of the Robot

to understand how the use of the platform can support th

what features have a higher impact on the physical health and habits of the subjects, 

solving and/or supporting their needs. 

 

Mental health  

The disorder of most interest to gerontologists is depression. Depression is, of c

associated with unhappiness and, presumably results in a poor, or at least lower, quality of 

life. Importantly, depression is strongly correlated with physical health (Jarvik and Perl, 

1981) often representing a side

the admission to a home care. In particular, it was found that an increase in depressive 

symptoms is associate with the admission to any care facilities, affecting also the physical 

health (Kasl and Rosenfield, 1980). Of course, 

elderly may be a reaction to the many stresses and losses of old age and loneliness (Prince 

et al, 1997).  

The analysis of the mental health status during the testing of the platform could support the 

researchers in finding indicators and drivers to the use of the robots and the antecedents of 

acceptance of the technology, discovering also aspects to be enhanced for promoting its use 

and so improving the quality of life as well as aspects that can be modelling on the

the older people mood and psychology.

 

Cognitive functioning  

The ability to solve problems in the real world is predictive for mantaining the perception of 

a good quality of life but most of all for encreasing the self

independece. The dramatic decline of the cognitive functioning in fluid intelligence, and in 

the ability to solve abstract problems that accompanies ageing, generates anxiety and fear 

of isolation in the older people.

The analysis of the cognitive status a

phase of the platform, also for evaluating the cognitive load in performing the activities with 

or without a robots, and the understandability of each features.

 

Social relationships and wellbeing 

The past thirty years of research in health and the social sciences has established the 

importance of social relations for health and well

Most of the evidence have shown that people who have a confidant, for example,

a higher life satisfaction, lower levels of depression, and are better able to adapt to social 

transition as retirement.  

Social support is a critical factor in the maintenance of independence (Wan, 1987). The 

quality, rather than quantity, of s

important for older people. The perceived accessibility of support, the presence and the 

consistency of a social network and the communication skills of the older people will be 

assessed during the testing stage, in order to investigate the presence and the effect of the 

social support in mediate the past use of the technology as well as support any future 

learning. 
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growing, body of research showing that physical health is a prime determina

quality of life, a comprehensive assessment of both perceived and objective physical health 

and mobility should be conducted for the testing phase of the Robot-Era platform, in order 

to understand how the use of the platform can support the health and its perception and 

what features have a higher impact on the physical health and habits of the subjects, 

solving and/or supporting their needs.  

The disorder of most interest to gerontologists is depression. Depression is, of c

associated with unhappiness and, presumably results in a poor, or at least lower, quality of 

life. Importantly, depression is strongly correlated with physical health (Jarvik and Perl, 

1981) often representing a side-effect of medications and playing an important role during 

the admission to a home care. In particular, it was found that an increase in depressive 

symptoms is associate with the admission to any care facilities, affecting also the physical 

health (Kasl and Rosenfield, 1980). Of course, much of what is called depression in the 

elderly may be a reaction to the many stresses and losses of old age and loneliness (Prince 

The analysis of the mental health status during the testing of the platform could support the 

finding indicators and drivers to the use of the robots and the antecedents of 

acceptance of the technology, discovering also aspects to be enhanced for promoting its use 

and so improving the quality of life as well as aspects that can be modelling on the

the older people mood and psychology. 

The ability to solve problems in the real world is predictive for mantaining the perception of 

a good quality of life but most of all for encreasing the self-esteem and the sense of 

independece. The dramatic decline of the cognitive functioning in fluid intelligence, and in 

the ability to solve abstract problems that accompanies ageing, generates anxiety and fear 

of isolation in the older people. 

The analysis of the cognitive status and abilities will be taken into account during the testing 

phase of the platform, also for evaluating the cognitive load in performing the activities with 

or without a robots, and the understandability of each features. 

Social relationships and wellbeing  

The past thirty years of research in health and the social sciences has established the 

importance of social relations for health and well-being (Cohen, 2004; Kafetsios, 2006). 

Most of the evidence have shown that people who have a confidant, for example,

a higher life satisfaction, lower levels of depression, and are better able to adapt to social 

Social support is a critical factor in the maintenance of independence (Wan, 1987). The 

quality, rather than quantity, of support and social interaction, has been found to be most 

important for older people. The perceived accessibility of support, the presence and the 

consistency of a social network and the communication skills of the older people will be 

esting stage, in order to investigate the presence and the effect of the 

social support in mediate the past use of the technology as well as support any future 
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2.1.2 Technology acceptance

All the metrics reported into the model of acceptance presented

for the development of the experimental protocol in lab.

 

Technology acceptance model (TAM) by Davis

An overview of technology acceptance modeling usually starts with the introduction of the 

technology acceptance model (TAM) by D

Fishbein. In its most basic form it states that usefulness and ease of use as perceived by 

the user determine the behavioral intention to use a system and it assumes that this 

behavioral intention is predicting 

The TAM model differs from the TRA for two main reasons: the presence of two new 

constructs, the perceived usefulness and the perceived ease of use. According to Davis 

(1989), Perceived Usefulness is “the degree to which a person believes 

particular system would improve his or her job performance” while Perceived Ease of Use is 

“the degree to which a person believes that using a particular system would be free of 

efforts”. Perceived usefulness and perceived ease of use lead to 

intention and actual behavior. Davis finds that perceived usefulness is the strongest 

predictor of an individual’s intention to use an information technology.

the TAM Model does not include subjective norm as a determinant of intention.

The model has been used for many different types of technology and has been extended 

with other factors that supposedly influenced Intention to Use or usage.

 

Technology acceptance model by Thinker and McCreadie

In their model, Thinker and McCreadie sugge

technology and the felt need for assistance, based on individual characteristics and disability 

and attributes given to AT (2005). For the authors, the AT offers the opportunity of 

narrowing the gap between individu

people’s willingness to use the artefact, which is strictly connected with its acceptability 

(McCreadie and Thinker, 2005).

In this view, the acceptance of technology represents a more complex phenomenon 

to the analysis of older people needs per se and it could be defined as “the demonstrable 

willingness within a user group to employ technology for the task it is designed to support” 

(Mynatt and al., 2000). 

 

Unified Theory of Acceptance and Use of 

In 2003, Venkatesh et al. have published an inventory of current models and factors and 

presented a model called UTAUT in which all relevant factors were incorporated.

Through a literature review, the authors identify eight 

acceptance of technology:  

• Theory of Reasoned Action (TRA)

• Technology Acceptance Model (TAM2)

• Motivation Model (MM)

• Theory of Planned Behavior (TPB)

• Combined TAM and TPB (C

• Model of PC Utilization (MPCU)

• Innovation Diffusion Theory (IDT)

• Social Cognitive Theory (SCT)
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Technology acceptance 

All the metrics reported into the model of acceptance presented below, will be considered 

for the development of the experimental protocol in lab. 

Technology acceptance model (TAM) by Davis 

An overview of technology acceptance modeling usually starts with the introduction of the 

technology acceptance model (TAM) by Davis in 1989, based on the work of Ajzen and 

Fishbein. In its most basic form it states that usefulness and ease of use as perceived by 

the user determine the behavioral intention to use a system and it assumes that this 

behavioral intention is predicting the actual use.  

The TAM model differs from the TRA for two main reasons: the presence of two new 

constructs, the perceived usefulness and the perceived ease of use. According to Davis 

(1989), Perceived Usefulness is “the degree to which a person believes 

particular system would improve his or her job performance” while Perceived Ease of Use is 

“the degree to which a person believes that using a particular system would be free of 

efforts”. Perceived usefulness and perceived ease of use lead to 

intention and actual behavior. Davis finds that perceived usefulness is the strongest 

predictor of an individual’s intention to use an information technology. 

the TAM Model does not include subjective norm as a determinant of intention.

The model has been used for many different types of technology and has been extended 

with other factors that supposedly influenced Intention to Use or usage.

echnology acceptance model by Thinker and McCreadie 

In their model, Thinker and McCreadie suggested a linkage between the acceptance of 

technology and the felt need for assistance, based on individual characteristics and disability 

and attributes given to AT (2005). For the authors, the AT offers the opportunity of 

narrowing the gap between individual capacity and the environment, depending on older 

people’s willingness to use the artefact, which is strictly connected with its acceptability 

(McCreadie and Thinker, 2005). 

In this view, the acceptance of technology represents a more complex phenomenon 

to the analysis of older people needs per se and it could be defined as “the demonstrable 

willingness within a user group to employ technology for the task it is designed to support” 

Unified Theory of Acceptance and Use of Technology (UTAUT) by Venkatesh

In 2003, Venkatesh et al. have published an inventory of current models and factors and 

presented a model called UTAUT in which all relevant factors were incorporated.

Through a literature review, the authors identify eight major models to describe user 

Theory of Reasoned Action (TRA) 

Technology Acceptance Model (TAM2) 

Motivation Model (MM) 

Theory of Planned Behavior (TPB) 

Combined TAM and TPB (C-TAM-TPB) 

Model of PC Utilization (MPCU) 

Diffusion Theory (IDT) 

Social Cognitive Theory (SCT) 
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After this analysis, they have identified the core constructs that they use as predictors (e.g. 

subjective norm, perceived usefulness, extrinsic motivation, job

intention and technology usage behaviour and four moderators factors, such as Experience 

(duration of exposure to the new technology), Voluntariness (whether it is mandatory to use 

the technology), Gender and Age. 

These moderators were considered fundamental for a context

development of strategies for the technology implementation in organizations.

In addition, seven constructs were identified to be significant, grouped into main areas:

• Performance Expectancy: perceived usefulness, extrinsic motiv

advantage, outcome expectations;

• Effort Expectancy: perceived ease of use, complexity, ease of use;

• Social Influence: subjective norm, social factors, image;

• Facilitating Conditions: perceived behavioral control, facilitating condi

compatibility. 

In addition, they have formulated other three determinants of acceptance, such as: Attitude 

toward using technology, Self efficacy, Anxiety.

The UTAUT model has been used for a study into acceptance of a conversational robot as 

described by De Ruyter et al. It concerned a robotic interface which was tested in a Wizard 

of Oz experiment where the robot was controlled remotely by an experimenter while the 

participants perceived it to be autonomous. This experiment was done in a laboratory

setting. 

 

2.1.3 Usability 

One important criteria to evaluate prototypes is usability or moreover the user experience 

(UX). Its evaluation depends not only on the quality of the products tested, but also on 

personal factors such as the technology acceptance and 

Numerous criteria for measuring Usability and User Experience have been defined by 

different scientific disciplines. Most important are 

– the following three (e.g. Dumas & Loring (2008): M

and Practices for Interacting, New York: Morgan Kaufman.): 

• The extent to which the intended goals of use of the overall system are achieved 

(effectiveness). 

• The resources that have to be expended to achieve the inten

• The extent to which the user finds the overall system acceptable (satisfaction).

 

Often used are also the seven principles regarding the usability of an dialogue system, 

defined in the DIN EN ISO 9241

1. Suitability for the task:
in the effective and efficient completion of the task.

2. Self-descriptiveness: 
immediately comprehensible through feedback from the sys

the user on request. 

3. Controllability: the dialogue is controllable when the user is able to initiate and 
control the direction and pace of the interaction until the point at which the goal has 

been met. 
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After this analysis, they have identified the core constructs that they use as predictors (e.g. 

subjective norm, perceived usefulness, extrinsic motivation, job-fit) to investigate user 

hnology usage behaviour and four moderators factors, such as Experience 

(duration of exposure to the new technology), Voluntariness (whether it is mandatory to use 

the technology), Gender and Age.  

These moderators were considered fundamental for a contextual analysis, allowing the 

development of strategies for the technology implementation in organizations.

In addition, seven constructs were identified to be significant, grouped into main areas:

Performance Expectancy: perceived usefulness, extrinsic motivation, job

advantage, outcome expectations; 

Effort Expectancy: perceived ease of use, complexity, ease of use;

Social Influence: subjective norm, social factors, image; 

Facilitating Conditions: perceived behavioral control, facilitating condi

In addition, they have formulated other three determinants of acceptance, such as: Attitude 

toward using technology, Self efficacy, Anxiety. 

The UTAUT model has been used for a study into acceptance of a conversational robot as 

bed by De Ruyter et al. It concerned a robotic interface which was tested in a Wizard 

of Oz experiment where the robot was controlled remotely by an experimenter while the 

participants perceived it to be autonomous. This experiment was done in a laboratory

One important criteria to evaluate prototypes is usability or moreover the user experience 

(UX). Its evaluation depends not only on the quality of the products tested, but also on 

personal factors such as the technology acceptance and expectations of users.

Numerous criteria for measuring Usability and User Experience have been defined by 

different scientific disciplines. Most important are - accordingly to the definition of Usability 

the following three (e.g. Dumas & Loring (2008): Moderating Usability Tests 

and Practices for Interacting, New York: Morgan Kaufman.):  

The extent to which the intended goals of use of the overall system are achieved 

The resources that have to be expended to achieve the intended goals (efficiency).

The extent to which the user finds the overall system acceptable (satisfaction).

Often used are also the seven principles regarding the usability of an dialogue system, 

defined in the DIN EN ISO 9241-110:  

Suitability for the task: the dialogue is suitable for a task when it supports the user 

in the effective and efficient completion of the task. 

 the dialogue is self-descriptive when each dialogue step is 

immediately comprehensible through feedback from the system or is explained to 

 

the dialogue is controllable when the user is able to initiate and 

control the direction and pace of the interaction until the point at which the goal has 
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After this analysis, they have identified the core constructs that they use as predictors (e.g. 

fit) to investigate user 

hnology usage behaviour and four moderators factors, such as Experience 

(duration of exposure to the new technology), Voluntariness (whether it is mandatory to use 

ual analysis, allowing the 

development of strategies for the technology implementation in organizations. 

In addition, seven constructs were identified to be significant, grouped into main areas: 

ation, job-fit, relative 

Effort Expectancy: perceived ease of use, complexity, ease of use; 

Facilitating Conditions: perceived behavioral control, facilitating conditions, 

In addition, they have formulated other three determinants of acceptance, such as: Attitude 

The UTAUT model has been used for a study into acceptance of a conversational robot as 

bed by De Ruyter et al. It concerned a robotic interface which was tested in a Wizard 

of Oz experiment where the robot was controlled remotely by an experimenter while the 

participants perceived it to be autonomous. This experiment was done in a laboratory 

One important criteria to evaluate prototypes is usability or moreover the user experience 

(UX). Its evaluation depends not only on the quality of the products tested, but also on 

expectations of users. 

Numerous criteria for measuring Usability and User Experience have been defined by 

accordingly to the definition of Usability 

oderating Usability Tests – Principles 

The extent to which the intended goals of use of the overall system are achieved 

ded goals (efficiency). 

The extent to which the user finds the overall system acceptable (satisfaction). 

Often used are also the seven principles regarding the usability of an dialogue system, 

the dialogue is suitable for a task when it supports the user 

descriptive when each dialogue step is 

tem or is explained to 

the dialogue is controllable when the user is able to initiate and 

control the direction and pace of the interaction until the point at which the goal has 
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4. Conformity with user expectati
when it is consistent and corresponds to the user characteristics, such as task 

knowledge, education, experience, and to commonly accepted conventions.

5. Error tolerance: the dialogue is error tolerant if des
intended result may be achieved with either no or minimal action by the user.

6. Suitability for individualization:
interface software can be modified to suit the task nee

skills of the user. 

7. Suitability for learning:
guides the user in learning to use the system.

 

Besides, the EN ISO 9241 describes how information should be presented 

usability. Therefore it provides seven presentation attributes:

1) Clarity: the information content is conveyed quickly and accurately.

2) Discriminability: the displayed information can be distinguished accurately.

3) Conciseness: users are not ov

4) Consistency: a unique design, conformity with user’s expectation.

5) Detectability: the user’s attention is directed towards information required.

6) Legibility: information is easy to read.

7) Comprehensibility: the meaning is

interpretable, and recognizable.

 

Specific criteria in robotics 

1. Robots are products that can be distinguished from others due to their navigation 

and manipulation skills. The usability is influenced strongly by interac

executed by hardware and moving parts, not only by software. Robots can move 

around autonomously, they can interchange or manipulate objects with users, and 

due to their stronger interaction skills they can be not only perceived as machines,

but as personal assistants or even friends. 

2. Based on that, specific criteria get more relevance than in other products (e.g. 

importance of design, height, sounds, voices, behaviour). Particular requirements 

come up due to the interaction modalities used 

Table 1): 
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Conformity with user expectations: the dialogue conforms with user expectations 

when it is consistent and corresponds to the user characteristics, such as task 

knowledge, education, experience, and to commonly accepted conventions.

the dialogue is error tolerant if despite evident errors in input, the 

intended result may be achieved with either no or minimal action by the user.

Suitability for individualization: the dialogue is capable of individualization when the 

interface software can be modified to suit the task needs, individual preferences, and 

Suitability for learning: the dialogue is suitable for learning when it supports and 

guides the user in learning to use the system. 

Besides, the EN ISO 9241 describes how information should be presented 

usability. Therefore it provides seven presentation attributes: 

Clarity: the information content is conveyed quickly and accurately.

Discriminability: the displayed information can be distinguished accurately.

Conciseness: users are not overloaded with extraneous information.

Consistency: a unique design, conformity with user’s expectation.

Detectability: the user’s attention is directed towards information required.

Legibility: information is easy to read. 

Comprehensibility: the meaning is clearly understandable, unambiguous, 

interpretable, and recognizable. 

Robots are products that can be distinguished from others due to their navigation 

and manipulation skills. The usability is influenced strongly by interac

executed by hardware and moving parts, not only by software. Robots can move 

around autonomously, they can interchange or manipulate objects with users, and 

due to their stronger interaction skills they can be not only perceived as machines,

but as personal assistants or even friends.  

Based on that, specific criteria get more relevance than in other products (e.g. 

importance of design, height, sounds, voices, behaviour). Particular requirements 

come up due to the interaction modalities used between robots and their users (see 
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the dialogue conforms with user expectations 

when it is consistent and corresponds to the user characteristics, such as task 

knowledge, education, experience, and to commonly accepted conventions. 

pite evident errors in input, the 

intended result may be achieved with either no or minimal action by the user. 

the dialogue is capable of individualization when the 

ds, individual preferences, and 

the dialogue is suitable for learning when it supports and 

Besides, the EN ISO 9241 describes how information should be presented to ensure a good 

Clarity: the information content is conveyed quickly and accurately. 

Discriminability: the displayed information can be distinguished accurately. 

erloaded with extraneous information. 

Consistency: a unique design, conformity with user’s expectation. 

Detectability: the user’s attention is directed towards information required. 

clearly understandable, unambiguous, 

Robots are products that can be distinguished from others due to their navigation 

and manipulation skills. The usability is influenced strongly by interactions that are 

executed by hardware and moving parts, not only by software. Robots can move 

around autonomously, they can interchange or manipulate objects with users, and 

due to their stronger interaction skills they can be not only perceived as machines, 

Based on that, specific criteria get more relevance than in other products (e.g. 

importance of design, height, sounds, voices, behaviour). Particular requirements 

between robots and their users (see 
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Table 1 Interaction Modalities for Robotics (Facal, Mast, Pigini, Kronreif (2010); Dautenhahn, Werry (2002)

Modality Input device 

Vision Touchscreen, Laser sensors, 

Kinect sensors; recognizing 

interaction on touchscreen 

and identifying persons, faces 

and their position 

Audio Microphones, ASR, 

rocognizing speech and 

sounds emitted by users 

Gesture Kinect sensor for face and 

body gestures; touchscreen 

or tablet for finger gestures 

Movement --- 

Haptic --- 
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Interaction Modalities for Robotics (Facal, Mast, Pigini, Kronreif (2010); Dautenhahn, Werry (2002)

Output device Specific Usability Issues in Robotics (additionally to 

standard criteria) 

Touchscreen, Laser sensors, 

Kinect sensors; recognizing 

interaction on touchscreen 

and identifying persons, faces 

Touchscreen 

Display, Eyes, 

diodes in head 

Touchscreen adatable for different heights or for use in bed 

etc.? 

Interaction with several users at a time possible? How to 

communicate? How to identify? 

Does a user keep eye contact with the robot? What informati

does a user draw from that? 

Microphones, ASR, 

rocognizing speech and 

Text to speech 

(TTS) synthesis; 

speakers 

male or female voice � which is suitable for which robot?

hearing abilities of users � how can robot be adapted?

How to manage interaction with several users?

distance to users – need for sensitive input devices

(see also Holzapfel/ Mikut/ Burghart (2008): Steps to Creating 

Metrics for Human-like Movements and Communication Skills 

(of Robots). Workshop on Metrics for Human

2008, March 12th, Amsterdam) 

Kinect sensor for face and 

body gestures; touchscreen 

e.g. posture of 

robot, gestures of 

robot face and 

robotic arm 

robot can be perceived not only as machine, but as a friend 

more gestures used, which are suitable?

robot allows to use facial gestures to show emotions 

robot gestures understood as intended?

Speecd and style 

of movements, 

created by wheels 

or chain 

speed, distance to users � emotions or fear created by that?

How is the robot approaching its user?

Robotic arm interacting physically with users � emotions or fear created by 

that? 

interchanging objects with users � do speeds and movements 

etc. fulfil users requirements? 

 

Interaction Modalities for Robotics (Facal, Mast, Pigini, Kronreif (2010); Dautenhahn, Werry (2002) 

Specific Usability Issues in Robotics (additionally to 

Touchscreen adatable for different heights or for use in bed 

Interaction with several users at a time possible? How to 

Does a user keep eye contact with the robot? What information 

which is suitable for which robot? 

how can robot be adapted?  

How to manage interaction with several users? 

need for sensitive input devices 

(see also Holzapfel/ Mikut/ Burghart (2008): Steps to Creating 

like Movements and Communication Skills 

or Human-Robot Interaction 

robot can be perceived not only as machine, but as a friend � 

more gestures used, which are suitable? 

robot allows to use facial gestures to show emotions � are 

robot gestures understood as intended? 

emotions or fear created by that? 

How is the robot approaching its user? 

emotions or fear created by 

do speeds and movements 
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To evaluate the interaction between users and robots, Scholtz

following questions which can be used for the evaluation of different interaction modalities:

• Is the necessary information present for the human to be able to determine that an 

intervention is needed? 

• Is the information presented in a

• Is the interaction language efficient for both the human and the intelligent system? 

• Are interactions handled efficiently and effectively 

system perspective?  

• Does the interaction architecture scale to mul

• Does the interaction architecture support evolution of platforms? 

 

Another interesting approach has been developed by Holzapfel, Mikut & Burghart (2008). 

They list several categories of criteria for the evaluation of hum

(further information on criteria also in Hassenzahl & Tractinsky (2006) and in Drury et al. 

(2004):  

• criteria describing the interaction context (interaction patterns, interaction rules, 

roles, degree of freedom), 

• criteria describing the interaction itself (intensity, con

efficiency),  

• criteria describing the activity of actors (transparency, roles), 

• criteria describing non

affects),  

• specific coding of micro behaviors.

 

With these criteria, the standard usability criteria can be enhanced and specified for 

evaluating the usability of robots.

But to measure these factors, it is necessary to define, what the “desired result” is and what 

tasks users should fulfil. Therefore the already defined use cases / service scenarios will be 

taken into account and transformed into tasks. Those scenarios are e.g. “Drug and shopping 

delivery” or “Outdoor walking support” (see deliverable 2.4, chapter 3).

Each use case involves the use of several hard

speech control, robotic manipulator), which are tested within the task oriented tests. Which 

components can be tested concretely depends on the status of technical developmen

(further information in chapter 2.2.3).

 

 

2 . 2  S t e p  I I  T o o l s :  Wha t  a r e  t h e  mo s t  u s e f u l  t o o l s ?

Below are reported just some of useful tools to take into consideration when formulating the 

protocol of questionnaires for the testing phase in lab. All the discuss

quality of life, acceptance and usability are represented and approached in each of the 

following standardized instruments.

The crucial next step will be the adaptation of these instruments to the particular setting of 

evaluation, the lab, that of course will influence the administration of the questionnaires as 

they are, and will require the characterization of the model, in line with the platform 

features and the setting condition.
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To evaluate the interaction between users and robots, Scholtz (2002) proposed the 

following questions which can be used for the evaluation of different interaction modalities:

Is the necessary information present for the human to be able to determine that an 

intervention is needed?  

Is the information presented in an appropriate form?  

Is the interaction language efficient for both the human and the intelligent system? 

Are interactions handled efficiently and effectively – both from the

 

Does the interaction architecture scale to multiple platforms and interactions? 

Does the interaction architecture support evolution of platforms? 

Another interesting approach has been developed by Holzapfel, Mikut & Burghart (2008). 

They list several categories of criteria for the evaluation of human

(further information on criteria also in Hassenzahl & Tractinsky (2006) and in Drury et al. 

criteria describing the interaction context (interaction patterns, interaction rules, 

roles, degree of freedom),  

ng the interaction itself (intensity, con- gruity, convergence, synergy, 

criteria describing the activity of actors (transparency, roles),  

criteria describing non-verbal actions and emotions (mimics, postures, gestures, 

oding of micro behaviors. 

With these criteria, the standard usability criteria can be enhanced and specified for 

evaluating the usability of robots. 

But to measure these factors, it is necessary to define, what the “desired result” is and what 

should fulfil. Therefore the already defined use cases / service scenarios will be 

taken into account and transformed into tasks. Those scenarios are e.g. “Drug and shopping 

delivery” or “Outdoor walking support” (see deliverable 2.4, chapter 3).

case involves the use of several hard- and/or software components (e.g. display, 

speech control, robotic manipulator), which are tested within the task oriented tests. Which 

components can be tested concretely depends on the status of technical developmen

(further information in chapter 2.2.3). 

S t e p  I I  T o o l s :  Wha t  a r e  t h e  mo s t  u s e f u l  t o o l s ?

Below are reported just some of useful tools to take into consideration when formulating the 

protocol of questionnaires for the testing phase in lab. All the discuss

quality of life, acceptance and usability are represented and approached in each of the 

following standardized instruments. 

The crucial next step will be the adaptation of these instruments to the particular setting of 

that of course will influence the administration of the questionnaires as 

they are, and will require the characterization of the model, in line with the platform 

features and the setting condition. 
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(2002) proposed the 

following questions which can be used for the evaluation of different interaction modalities: 

Is the necessary information present for the human to be able to determine that an 

Is the interaction language efficient for both the human and the intelligent system?  

both from the user and the 
tiple platforms and interactions?  

Does the interaction architecture support evolution of platforms?  

Another interesting approach has been developed by Holzapfel, Mikut & Burghart (2008). 

an-robotic-interactions 

(further information on criteria also in Hassenzahl & Tractinsky (2006) and in Drury et al. 

criteria describing the interaction context (interaction patterns, interaction rules, 

gruity, convergence, synergy, 

verbal actions and emotions (mimics, postures, gestures, 

With these criteria, the standard usability criteria can be enhanced and specified for 

But to measure these factors, it is necessary to define, what the “desired result” is and what 

should fulfil. Therefore the already defined use cases / service scenarios will be 

taken into account and transformed into tasks. Those scenarios are e.g. “Drug and shopping 

delivery” or “Outdoor walking support” (see deliverable 2.4, chapter 3). 

and/or software components (e.g. display, 

speech control, robotic manipulator), which are tested within the task oriented tests. Which 

components can be tested concretely depends on the status of technical development 

S t e p  I I  T o o l s :  Wha t  a r e  t h e  mo s t  u s e f u l  t o o l s ?  

Below are reported just some of useful tools to take into consideration when formulating the 

protocol of questionnaires for the testing phase in lab. All the discussed dimensions of 

quality of life, acceptance and usability are represented and approached in each of the 

The crucial next step will be the adaptation of these instruments to the particular setting of 

that of course will influence the administration of the questionnaires as 

they are, and will require the characterization of the model, in line with the platform 
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Most of all, it is important to consider the opportunity 

analysis in lab, very useful for catching the opinion and the comments of the subjects that 

will test the platform in realistic condition and for a short period of time.

 

2.2.1 Quality of life 

 

WHOQOL-OLD 

Since the early 1990s, the World Health Organization Quality of Life Group (WHOQOL 

Group) has developed two generic QOL instruments, the WHOQOL

the WHOQOL-BREF. They include four domains: physical, psychological, social, and 

environmental aspects of QOL. Considering the applicability of these two instruments for 

older adults, the WHOQOL research group developed a WHOQOL

adults, containing six facets, with four items in each facet

The WHOQOL-OLD module consists of 24 Likert

“Sensory Abilities” (SAB), “Autonomy” (AUT), “Past, Present and Future Activities” (PPF), 

“Social Participation” (SOP), “Death and Dying” (DAD) and “Intimacy” (INT). Each of the 

facets has 4 items, thus for all facets the sc

provided all items of a facet have been completed. The scores of these six facets or the 

values of the 24 single items of the WHOQOL

general (“overall”) score for qualit

module “total score”. As empirically supported by analyses of the measurement model via 

structural equation modeling, quality of life is conceived as a higher

the structure of the WHOQOL

The “Sensory Abilities” facet assesses sensory functioning and the impact of loss of sensory 

abilities on quality of life. The “Autonomy” facet refers to independence in old age and thus 

describes the amount of being able to live auton

the “Past, Present, and Future Activities” facet describes satisfaction about achievements in 

life and at things looking forward to, the “Social Participation” facet delineates participation 

in activities of daily living, especially in the community.

The “Death and Dying” facet is related to concerns, worries, and fears about death and 

dying, while the “Intimacy” facet assesses being able to have personal and intimate 

relationships. 

The WHOQOL-OLD module can be used 

investigations, population epidemiology, health monitoring, service development, and 

clinical intervention trials in which issues about quality of life are crucial. The WHOQOL

module permit the assessment of the impact of service provision and of different health and 

social care structures on quality of life, especially in the identification of the possible 

consequences of policies on quality of life for older adults and a clearer understanding of 

investment areas to achieve best gains in quality of life.

 

SF-36 

The Medical Outcomes Study (MOS) Short Form 36

from the work of the Rand Corporation during the 1970s (Ware and Sherbourne, 1992; 

Ware et al. 1994; Ware, 1997). It was published in 1990 after criticism that the SF

too brief and insensitive. The SF

and with the general population. Ware et al. (1994; 1997) proposed that the instrument 

should capture both mental and physical aspects of health. International interest in this 

instrument is increasing, and it is by far the most widely evaluated measure of health status 

(Garratt et al., 2002a). 
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Most of all, it is important to consider the opportunity of adding qualitative methods to the 

analysis in lab, very useful for catching the opinion and the comments of the subjects that 

will test the platform in realistic condition and for a short period of time.

1990s, the World Health Organization Quality of Life Group (WHOQOL 

Group) has developed two generic QOL instruments, the WHOQOL-100 and its short form, 

BREF. They include four domains: physical, psychological, social, and 

f QOL. Considering the applicability of these two instruments for 

older adults, the WHOQOL research group developed a WHOQOL-OLD module for older 

adults, containing six facets, with four items in each facet 

OLD module consists of 24 Likert-scaled items assigned to six facets: 

“Sensory Abilities” (SAB), “Autonomy” (AUT), “Past, Present and Future Activities” (PPF), 

“Social Participation” (SOP), “Death and Dying” (DAD) and “Intimacy” (INT). Each of the 

facets has 4 items, thus for all facets the score of possible values can range from 4 to 20, 

provided all items of a facet have been completed. The scores of these six facets or the 

values of the 24 single items of the WHOQOL-OLD module can be combined to produce a 

general (“overall”) score for quality of life in older adults, denoted as the WHOQOL

module “total score”. As empirically supported by analyses of the measurement model via 

structural equation modeling, quality of life is conceived as a higher-order factor, underlying 

e WHOQOL-OLD module. 

The “Sensory Abilities” facet assesses sensory functioning and the impact of loss of sensory 

abilities on quality of life. The “Autonomy” facet refers to independence in old age and thus 

describes the amount of being able to live autonomously and to take own decisions. While 

the “Past, Present, and Future Activities” facet describes satisfaction about achievements in 

life and at things looking forward to, the “Social Participation” facet delineates participation 

iving, especially in the community. 

The “Death and Dying” facet is related to concerns, worries, and fears about death and 

dying, while the “Intimacy” facet assesses being able to have personal and intimate 

OLD module can be used in a wide variety of studies including crosscultural 

investigations, population epidemiology, health monitoring, service development, and 

clinical intervention trials in which issues about quality of life are crucial. The WHOQOL

sment of the impact of service provision and of different health and 

social care structures on quality of life, especially in the identification of the possible 

consequences of policies on quality of life for older adults and a clearer understanding of 

estment areas to achieve best gains in quality of life. 

The Medical Outcomes Study (MOS) Short Form 36-item Health Survey (SF

from the work of the Rand Corporation during the 1970s (Ware and Sherbourne, 1992; 

997). It was published in 1990 after criticism that the SF

too brief and insensitive. The SF-36 is intended for application in a wide range of conditions 

and with the general population. Ware et al. (1994; 1997) proposed that the instrument 

apture both mental and physical aspects of health. International interest in this 

instrument is increasing, and it is by far the most widely evaluated measure of health status 
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of adding qualitative methods to the 

analysis in lab, very useful for catching the opinion and the comments of the subjects that 

will test the platform in realistic condition and for a short period of time. 

1990s, the World Health Organization Quality of Life Group (WHOQOL 

100 and its short form, 

BREF. They include four domains: physical, psychological, social, and 

f QOL. Considering the applicability of these two instruments for 

OLD module for older 

d items assigned to six facets: 

“Sensory Abilities” (SAB), “Autonomy” (AUT), “Past, Present and Future Activities” (PPF), 

“Social Participation” (SOP), “Death and Dying” (DAD) and “Intimacy” (INT). Each of the 

ore of possible values can range from 4 to 20, 

provided all items of a facet have been completed. The scores of these six facets or the 

OLD module can be combined to produce a 

y of life in older adults, denoted as the WHOQOL-OLD 

module “total score”. As empirically supported by analyses of the measurement model via 

order factor, underlying 

The “Sensory Abilities” facet assesses sensory functioning and the impact of loss of sensory 

abilities on quality of life. The “Autonomy” facet refers to independence in old age and thus 

omously and to take own decisions. While 

the “Past, Present, and Future Activities” facet describes satisfaction about achievements in 

life and at things looking forward to, the “Social Participation” facet delineates participation 

The “Death and Dying” facet is related to concerns, worries, and fears about death and 

dying, while the “Intimacy” facet assesses being able to have personal and intimate 

in a wide variety of studies including crosscultural 

investigations, population epidemiology, health monitoring, service development, and 

clinical intervention trials in which issues about quality of life are crucial. The WHOQOL-OLD 

sment of the impact of service provision and of different health and 

social care structures on quality of life, especially in the identification of the possible 

consequences of policies on quality of life for older adults and a clearer understanding of 

item Health Survey (SF-36) is derived 

from the work of the Rand Corporation during the 1970s (Ware and Sherbourne, 1992; 

997). It was published in 1990 after criticism that the SF-20 was 

36 is intended for application in a wide range of conditions 

and with the general population. Ware et al. (1994; 1997) proposed that the instrument 

apture both mental and physical aspects of health. International interest in this 

instrument is increasing, and it is by far the most widely evaluated measure of health status 
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Overall eight health concept are measured: 1) physical 

to physical problems, 3) social functioning, 4) bodily pain, 5) general mental health, 6) role 

limitations due to emotional problems, 7) vitality and 8) general health perceptions. A 

question about changes in overall he

included in the eight categories. Question cover respondents’ behaviors as well feeling 

states in the past 4 weeks.  The SF

person.  

The SF-36 has been useful in comparing general and specific populations, comparing the 

relative burden of diseases, differentiating the health benefits produced by a wide range of 

different treatments, and  screening individual patients. 

 

Quality of Well Being scale (

The Index of Well-Being was modified and renamed the Quality of Well

to emphasize the focus on quality of life evaluation (Kaplan et al., 1993; McDowell and 

Newell, 1996). 

The quality of Well-Being scale is designed as a general heal

population monitoring, program evaluation, clinic research and policy analysis. 

The Quality of Well-Being (QWB) scale was developed in the 1970’s as a comprehensive 

measure of health-related quality of life (Kaplan, Bush, & Be

Three dimensions defined as physical activity, mobility and social activity are investigated. A 

list of symptoms and problems that can inhibit function has also been developed; there are 

currently 25 symptom with the inclusion of four mental h

previously excluded for conceptual reasons. 

A self-administered version has been developed: the QWB

period assessed by the QWB

symptoms and function “over the past 6 days” prior to the day of administration, whereas 

the QWB-SA questions refer to the 3 days prior to the day of administration. Assessing 3 

days rather than 6 days results in a more rapid administration. 

The QWB-SA is a preference

longer, more complex, Quality of Well

questionnaire, assesses objective level of functioning in three areas: mobility, physical 

activity, and social activity. In addition, the QWB

chronic symptoms. The QWB

disease entities, including migraines, diabetes, and posttraumatic stress disorder.

The format for the QWB

presence/absence of 19 chronic symptoms or problems (e.g., blindness, speech problems). 

The question format does not assess each of the previous 3 days (as in the rest of the 

questionnaire) with the expectation that these chronic conditions do not vary much over the 

3-day assessment period. These chronic symptoms are followed by 25 acute (or more 

transient) physical symptoms (e.g. headache, coughing, pain), and 14 mental health 

symptoms and behaviors (e.g., sadness, anxiety, irritation). The remaining sections of the 

QWB-SA are similar to the QWB and include assessment of a person’s mobility (including 

use of transportation), physical activity (e.g., walking and bending over), and social activity 

including completion of role expectations (e.g., work, school, or home).

 

Psychological Well-Being Scales (PWB)

The Ryff inventory consists of either 84 questions (long form) or 54 questions (medium 

form). Both the long and medium forms consist of a series 

areas of psychological well

positive relations with others, purpose in life, and self
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Overall eight health concept are measured: 1) physical functioning, 2) role limitations due 

to physical problems, 3) social functioning, 4) bodily pain, 5) general mental health, 6) role 

limitations due to emotional problems, 7) vitality and 8) general health perceptions. A 

question about changes in overall health status over the past year is also asked but is not 

included in the eight categories. Question cover respondents’ behaviors as well feeling 

states in the past 4 weeks.  The SF-36 can be self-administered or trained interviewer in 

been useful in comparing general and specific populations, comparing the 

relative burden of diseases, differentiating the health benefits produced by a wide range of 

different treatments, and  screening individual patients.  

Quality of Well Being scale (QWB) 

Being was modified and renamed the Quality of Well

to emphasize the focus on quality of life evaluation (Kaplan et al., 1993; McDowell and 

Being scale is designed as a general health status measure for use in 

population monitoring, program evaluation, clinic research and policy analysis. 

Being (QWB) scale was developed in the 1970’s as a comprehensive 

related quality of life (Kaplan, Bush, & Berry, 1975). 

Three dimensions defined as physical activity, mobility and social activity are investigated. A 

list of symptoms and problems that can inhibit function has also been developed; there are 

currently 25 symptom with the inclusion of four mental health symptoms that were 

previously excluded for conceptual reasons.  

administered version has been developed: the QWB-SA (Andresen et al., 1998b). The 

period assessed by the QWB-SA is shorter than in the QWB. The QWB asked patients about 

nd function “over the past 6 days” prior to the day of administration, whereas 

SA questions refer to the 3 days prior to the day of administration. Assessing 3 

days rather than 6 days results in a more rapid administration.  

nce-based measurement of quality of life and is derived from the 

longer, more complex, Quality of Well-Being Scale (QWB). The QWBSA, a 76

questionnaire, assesses objective level of functioning in three areas: mobility, physical 

tivity. In addition, the QWB-SA measures the presence of 58 acute and 

chronic symptoms. The QWB-SA has been used in several studies with a wide variety of 

disease entities, including migraines, diabetes, and posttraumatic stress disorder.

e QWB-SA includes five sections. The first part assesses the 

presence/absence of 19 chronic symptoms or problems (e.g., blindness, speech problems). 

The question format does not assess each of the previous 3 days (as in the rest of the 

the expectation that these chronic conditions do not vary much over the 

day assessment period. These chronic symptoms are followed by 25 acute (or more 

transient) physical symptoms (e.g. headache, coughing, pain), and 14 mental health 

ors (e.g., sadness, anxiety, irritation). The remaining sections of the 

SA are similar to the QWB and include assessment of a person’s mobility (including 

use of transportation), physical activity (e.g., walking and bending over), and social activity 

ncluding completion of role expectations (e.g., work, school, or home).

Being Scales (PWB) 

The Ryff inventory consists of either 84 questions (long form) or 54 questions (medium 

form). Both the long and medium forms consist of a series of statements reflecting the six 

-being: autonomy, environmental mastery, personal growth, 

positive relations with others, purpose in life, and self-acceptance. Respondents rate 
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statements on a scale of 1 to 6, with 1 indicating 

strong agreement. 

The following are example statements from each of the areas of well

Ryff inventory: 

1) Autonomy: “I have confidence in my opinions, even if they are contrary to the 

general consensus.” 

2) Environmental Mastery: 

live.” 

3) Personal Growth: “I think it is important to have new experiences that challenge how 
you think about yourself and the world.

4) Positive Relations with 
to share my time with others.

5) Purpose in Life: “Some people wander aimlessly through life, but I am not one of 
them.” 

6) Self-Acceptance: “I like most aspects of my personality.

Responses are totaled for each of the six categories (about half of the responses are reverse 

scored, which is indicated on the master copy of the test). For each category, a high score 

indicates that the respondent has a mastery of that area in his or her life. Conversely

score shows that the respondent struggles to feel comfortable with that particular concept. 

 

2.2.2 Technology acceptance

Questionnaire on Technology Acceptance, based on the Unified Theory of Acceptance and 

Use of Technology (UTAUT, Venkatesh et al., 20

and Wielinga (2009) version. 

The aim of the authors was to build a reliable instrument for the measurement of 

technology acceptance in the field of AT and robotics, starting from UTAUT model and 

constructs. The 41-items of the questionnaire derived from the UTAUT core constructs, such 

as Anxiety, Attitude, Facilitating Condition, Intention to Use, Perceived Adaptability, 

Perceived Enjoyment, Perceived Ease of Use, Perceived Sociability, Perceived Usefulness, 

Social Influence, Social Presence, Trust, Use/Usage. 

The questionnaire was used in the field of robotics, so the constructs and the dimensions 

collected through the scales can be useful for assessing the acceptance of the Robot

platform, also in a realistic setting, as the lab.

 

The Matching Person and Technology Model (Scherer MJ, 1994)

The MPT assessment portfolio consists of a series of instruments designed for the evaluation 

and selection of assistive and other technologies. At present, the following 

included: 

• The Worksheet for MPT to obtain user and provider perspectives of a person's 

particular limitations, goals, and interventions.

• The Survey of Technology Use (SOTU) to help identify technologies and technology 

functions/features the

order to develop any new technology around existing comfort or success.

• The Assistive Technology Device Predisposition Assessment (ATD PA) to select the 

most appropriate assistive technology f

training and further assessment.

• The Educational Technology Predisposition Assessment (ET PA) to assist students in 

the process of using technology to reach certain educational goals.
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statements on a scale of 1 to 6, with 1 indicating strong disagreement and 6 indicating 

The following are example statements from each of the areas of well-being measured by the 

“I have confidence in my opinions, even if they are contrary to the 

Environmental Mastery: “In general, I feel I am in charge of the situation in which I 

“I think it is important to have new experiences that challenge how 

you think about yourself and the world.” 

Positive Relations with Others: “People would describe me as a giving person, willing 

to share my time with others.” 

Some people wander aimlessly through life, but I am not one of 

I like most aspects of my personality.” 

aled for each of the six categories (about half of the responses are reverse 

scored, which is indicated on the master copy of the test). For each category, a high score 

indicates that the respondent has a mastery of that area in his or her life. Conversely

score shows that the respondent struggles to feel comfortable with that particular concept. 

Technology acceptance 

Questionnaire on Technology Acceptance, based on the Unified Theory of Acceptance and 

Use of Technology (UTAUT, Venkatesh et al., 2003), adapted from Heerink, Kröse, Evers 

and Wielinga (2009) version.  

The aim of the authors was to build a reliable instrument for the measurement of 

technology acceptance in the field of AT and robotics, starting from UTAUT model and 

tems of the questionnaire derived from the UTAUT core constructs, such 

as Anxiety, Attitude, Facilitating Condition, Intention to Use, Perceived Adaptability, 

Perceived Enjoyment, Perceived Ease of Use, Perceived Sociability, Perceived Usefulness, 

nfluence, Social Presence, Trust, Use/Usage.  

The questionnaire was used in the field of robotics, so the constructs and the dimensions 

collected through the scales can be useful for assessing the acceptance of the Robot

etting, as the lab. 

The Matching Person and Technology Model (Scherer MJ, 1994) 

The MPT assessment portfolio consists of a series of instruments designed for the evaluation 

and selection of assistive and other technologies. At present, the following 

The Worksheet for MPT to obtain user and provider perspectives of a person's 

particular limitations, goals, and interventions. 

The Survey of Technology Use (SOTU) to help identify technologies and technology 

functions/features the person is likely to feel comfortable or successful in using in 

order to develop any new technology around existing comfort or success.

The Assistive Technology Device Predisposition Assessment (ATD PA) to select the 

most appropriate assistive technology for a person's use and pinpointing areas for 

training and further assessment. 

The Educational Technology Predisposition Assessment (ET PA) to assist students in 

the process of using technology to reach certain educational goals.
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The aim of the authors was to build a reliable instrument for the measurement of 

technology acceptance in the field of AT and robotics, starting from UTAUT model and 

tems of the questionnaire derived from the UTAUT core constructs, such 

as Anxiety, Attitude, Facilitating Condition, Intention to Use, Perceived Adaptability, 

Perceived Enjoyment, Perceived Ease of Use, Perceived Sociability, Perceived Usefulness, 

The questionnaire was used in the field of robotics, so the constructs and the dimensions 

collected through the scales can be useful for assessing the acceptance of the Robot-Era 

 

The MPT assessment portfolio consists of a series of instruments designed for the evaluation 

and selection of assistive and other technologies. At present, the following instruments are 

The Worksheet for MPT to obtain user and provider perspectives of a person's 

The Survey of Technology Use (SOTU) to help identify technologies and technology 

person is likely to feel comfortable or successful in using in 

order to develop any new technology around existing comfort or success. 

The Assistive Technology Device Predisposition Assessment (ATD PA) to select the 

or a person's use and pinpointing areas for 

The Educational Technology Predisposition Assessment (ET PA) to assist students in 

the process of using technology to reach certain educational goals. 
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• The Workplace Technology Pre

others who introduce technologies into work settings.

• The Health Care Technology Predisposition Assessment (HCT PA) to assist health 

care professionals in helping individuals adopt and adjust to medical

The MPT model has three crucial areas of focus that represent the primary components 

found to most influence successful use of assistive technologies: the characteristics of the 

prospective user, the technology itself, and the milieu or environme

each of these can contribute either a positive or a negative influence on technology use. If 

there are too many negative influences, the chance of the technology being successfully 

used is greatly reduced. In fact, the technology its

but without the appropriate personal/social characteristics or the necessary environmental 

support, that perfect technology may go unused, or it may be used inappropriately and 

cause frustration and expense for all 

For the Robot-Era project, the SOTU

 

The Intrinsic Motivation Inventory (Ryan, 1982)

The Intrinsic Motivation Inventory (IMI) is a multidimensional measurement  used to assess 

participants’ subjective experience related to a target activity in laboratory experiments.

The original IMI were total of 6 subscales and 54 items that determine subjective 

experiences of interest/enjoyment, perceived competence, effort, value/usefulness, felt 

pressure and tension, and perceived choice. These domains were based on the Self

determinism Theory (SDT) of motivation that postulates that people with internal locus of 

control feel self-determined to follow through with an activity because they see their 

behavior as stemming from their own choices, values, and interest rather than a cont

external force. Recently, a seventh subscale has been added to tap the experiences of 

relatedness, although the validity of this subscale has yet to be established. 

There is also a 22 item version of the scale that has been used in some lab studie

intrinsic motivation.  It has four subscales: interest/enjoyment, perceived choice, perceived 

competence, and pressure/tension. The interest/enjoyment subscale is considered the self

report measure of intrinsic motivation; perceived choice and perceiv

theorized to be positive predictors of both self

motivation the perceived pressure and tension is used as a negative indicator of intrinsic 

motivation. 

 

2.2.3 Usability  

The services developed in Robo

products – make use of automatic navigation and manipulation technologies. Due to the 

high degree of novelty, the aim of tests is not only to find out about the usability of the 

robots in a predefined process, but also to find out about the use process itself.   

What methods are most adequate depends on several conditions, such as time, number of 

test persons, development status of modules, test environment and of course the aims of 

the test (e.g. evaluating a prototype or finding ideas for optimization).

 

Test methods 

In the framework of innovation processes test methods are experimental checkups in which 

a group of test persons (recommend are about eight test persons for qualitative usability 

test; see also Nielsen (1993)) perform specific tasks using test products or 

intention is to draw conclusions about design and to discover weaknesses in products or 

services in various stages of development. E.g., test methods help to inspect quality and 
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The Workplace Technology Predisposition Assessment (WT PA) to assist trainers and 

others who introduce technologies into work settings. 

The Health Care Technology Predisposition Assessment (HCT PA) to assist health 

care professionals in helping individuals adopt and adjust to medical

The MPT model has three crucial areas of focus that represent the primary components 

found to most influence successful use of assistive technologies: the characteristics of the 

prospective user, the technology itself, and the milieu or environment(s) of use. In turn, 

each of these can contribute either a positive or a negative influence on technology use. If 

there are too many negative influences, the chance of the technology being successfully 

used is greatly reduced. In fact, the technology itself can appear perfect for a given need, 

but without the appropriate personal/social characteristics or the necessary environmental 

support, that perfect technology may go unused, or it may be used inappropriately and 

cause frustration and expense for all those involved. 

Era project, the SOTU-C and the ATD PA sections B-C can be used.

The Intrinsic Motivation Inventory (Ryan, 1982) 

The Intrinsic Motivation Inventory (IMI) is a multidimensional measurement  used to assess 

ive experience related to a target activity in laboratory experiments.

The original IMI were total of 6 subscales and 54 items that determine subjective 

experiences of interest/enjoyment, perceived competence, effort, value/usefulness, felt 

pressure and tension, and perceived choice. These domains were based on the Self

minism Theory (SDT) of motivation that postulates that people with internal locus of 

determined to follow through with an activity because they see their 

behavior as stemming from their own choices, values, and interest rather than a cont

external force. Recently, a seventh subscale has been added to tap the experiences of 

relatedness, although the validity of this subscale has yet to be established. 

There is also a 22 item version of the scale that has been used in some lab studie

intrinsic motivation.  It has four subscales: interest/enjoyment, perceived choice, perceived 

competence, and pressure/tension. The interest/enjoyment subscale is considered the self

report measure of intrinsic motivation; perceived choice and perceiv

theorized to be positive predictors of both self-report and behavioral measures of intrinsic 

motivation the perceived pressure and tension is used as a negative indicator of intrinsic 

The services developed in Robot-Era are highly innovative, and – 

make use of automatic navigation and manipulation technologies. Due to the 

high degree of novelty, the aim of tests is not only to find out about the usability of the 

process, but also to find out about the use process itself.   

What methods are most adequate depends on several conditions, such as time, number of 

test persons, development status of modules, test environment and of course the aims of 

luating a prototype or finding ideas for optimization). 

In the framework of innovation processes test methods are experimental checkups in which 

a group of test persons (recommend are about eight test persons for qualitative usability 

test; see also Nielsen (1993)) perform specific tasks using test products or 

intention is to draw conclusions about design and to discover weaknesses in products or 

services in various stages of development. E.g., test methods help to inspect quality and 
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ive experience related to a target activity in laboratory experiments. 

The original IMI were total of 6 subscales and 54 items that determine subjective 

experiences of interest/enjoyment, perceived competence, effort, value/usefulness, felt 

pressure and tension, and perceived choice. These domains were based on the Self-

minism Theory (SDT) of motivation that postulates that people with internal locus of 

determined to follow through with an activity because they see their 

behavior as stemming from their own choices, values, and interest rather than a controlling 

external force. Recently, a seventh subscale has been added to tap the experiences of 

relatedness, although the validity of this subscale has yet to be established.  

There is also a 22 item version of the scale that has been used in some lab studies on 

intrinsic motivation.  It has four subscales: interest/enjoyment, perceived choice, perceived 

competence, and pressure/tension. The interest/enjoyment subscale is considered the self-

report measure of intrinsic motivation; perceived choice and perceived competence are 

report and behavioral measures of intrinsic 

motivation the perceived pressure and tension is used as a negative indicator of intrinsic 

 in contrast to other 

make use of automatic navigation and manipulation technologies. Due to the 

high degree of novelty, the aim of tests is not only to find out about the usability of the 

process, but also to find out about the use process itself.    

What methods are most adequate depends on several conditions, such as time, number of 

test persons, development status of modules, test environment and of course the aims of 

 

In the framework of innovation processes test methods are experimental checkups in which 

a group of test persons (recommend are about eight test persons for qualitative usability 

test; see also Nielsen (1993)) perform specific tasks using test products or services. Its 

intention is to draw conclusions about design and to discover weaknesses in products or 

services in various stages of development. E.g., test methods help to inspect quality and 
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performance of products and sometimes also their packaging and u

functionality and ease of use, durability, design, environmental impact or price can be 

useful criteria. However, technical tests are not focused in user oriented product 

development since they are part of the product development anywa

(1994)). 

Usability tests do not aim on basic research for human

Era-Tests we will not identify, which voice for speech output is the most adequate for 

specific user profiles, and which factors influe

to be integrated during the technical development by technical partners.

Instead, the tests will focus on the evaluation of the overall user experience and on finding 

out, how the services should be optimized f

asked to use only single functions or components of robots. Instead they are asked to go 

through complete scenarios that combine different tasks and make use of several 

components of the product tested. 

An example: The shopping scenario consists of several single steps. One of these is the 

handover of the shopping bag from robot to user. If this step would be tested separately, 

the situational context might be chosen wrong (e.g. it could be defined that the

takes place in the living room, but in real world conditions a user would do the handover at 

the fridge). Asking the user to fulfil a whole scenario instead of only single tasks ensures 

that the natural behaviour is taken into account (further in

design: Rosson & Carroll (2002)). 

Eventually, test methods fulfil several tasks and sometimes overlap with analyzing and 

evaluation methods. Several user integrating test methods are useful in different stages of 

development: 

• User Experience Test:
both prototypes and marketable products and services. Participants try to go through 

predefined test tasks which are oriented on the most common use cases with the 

product or service to be tested. While executing the tasks, test persons are observed 

by experts and difficulties are documented. Often combined with thinking aloud 

technique and subsequent interviews. This test technique is used as soon as first 

working prototypes exist.

• Multiple User Simultaneous Testing (MUST):
which the test is carried out with several test persons in parallel to improve 

efficiency. Mostly used with software products.

• Field Test: Nearly final product
longer period of time. The method is used in the last stage before market launch.

• Out-of-the-Box Test: 
application problems of almost marketab

test the whole product (e.g. including transport service, packaging and user manual) 

is tested. 

• Remote Usability Test:
suggestions for improvement during the

the only digitally existing product by presentations or virtual models and starts a 

discussion about how to use it, potential use difficulties, missing functions etc.

 

Evaluation and selection methods

Evaluation methods are applied to reduce the number of alternatives and to pick the best 

products, ideas or concepts in various stages of development. This leads to a reduction of 

complexity in design processes and permits an efficient further development.
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performance of products and sometimes also their packaging and user manuals. Besides 

functionality and ease of use, durability, design, environmental impact or price can be 

useful criteria. However, technical tests are not focused in user oriented product 

development since they are part of the product development anywa

Usability tests do not aim on basic research for human-robot-interaction. E.g., in the Robot

Tests we will not identify, which voice for speech output is the most adequate for 

specific user profiles, and which factors influence this acceptance. This basic knowledge has 

to be integrated during the technical development by technical partners.

Instead, the tests will focus on the evaluation of the overall user experience and on finding 

out, how the services should be optimized from users point of view. Therefore, users are not 

asked to use only single functions or components of robots. Instead they are asked to go 

through complete scenarios that combine different tasks and make use of several 

components of the product tested.  

example: The shopping scenario consists of several single steps. One of these is the 

handover of the shopping bag from robot to user. If this step would be tested separately, 

the situational context might be chosen wrong (e.g. it could be defined that the

takes place in the living room, but in real world conditions a user would do the handover at 

the fridge). Asking the user to fulfil a whole scenario instead of only single tasks ensures 

that the natural behaviour is taken into account (further information about scenario based 

design: Rosson & Carroll (2002)).  

Eventually, test methods fulfil several tasks and sometimes overlap with analyzing and 

evaluation methods. Several user integrating test methods are useful in different stages of 

User Experience Test: Testing method for identifying practical problems, suitable for 

both prototypes and marketable products and services. Participants try to go through 

predefined test tasks which are oriented on the most common use cases with the 

uct or service to be tested. While executing the tasks, test persons are observed 

by experts and difficulties are documented. Often combined with thinking aloud 

technique and subsequent interviews. This test technique is used as soon as first 

types exist. 

Multiple User Simultaneous Testing (MUST): Modification of User Experience Test, in 

which the test is carried out with several test persons in parallel to improve 

efficiency. Mostly used with software products. 

Nearly final products are tested in real use environments, often over a 

longer period of time. The method is used in the last stage before market launch.

 Testing method for a realistic assessment of installation and 

application problems of almost marketable products. Contrary to the user experience 

test the whole product (e.g. including transport service, packaging and user manual) 

Remote Usability Test: Testing method for identifying practical problems and 

suggestions for improvement during the concept phase. The test supervisor explains 

the only digitally existing product by presentations or virtual models and starts a 

discussion about how to use it, potential use difficulties, missing functions etc.

Evaluation and selection methods 

methods are applied to reduce the number of alternatives and to pick the best 

products, ideas or concepts in various stages of development. This leads to a reduction of 

complexity in design processes and permits an efficient further development.
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the fridge). Asking the user to fulfil a whole scenario instead of only single tasks ensures 

formation about scenario based 

Eventually, test methods fulfil several tasks and sometimes overlap with analyzing and 

evaluation methods. Several user integrating test methods are useful in different stages of 

Testing method for identifying practical problems, suitable for 

both prototypes and marketable products and services. Participants try to go through 

predefined test tasks which are oriented on the most common use cases with the 

uct or service to be tested. While executing the tasks, test persons are observed 

by experts and difficulties are documented. Often combined with thinking aloud 

technique and subsequent interviews. This test technique is used as soon as first 

Modification of User Experience Test, in 

which the test is carried out with several test persons in parallel to improve 

s are tested in real use environments, often over a 

longer period of time. The method is used in the last stage before market launch. 

Testing method for a realistic assessment of installation and 

le products. Contrary to the user experience 

test the whole product (e.g. including transport service, packaging and user manual) 

Testing method for identifying practical problems and 

concept phase. The test supervisor explains 

the only digitally existing product by presentations or virtual models and starts a 

discussion about how to use it, potential use difficulties, missing functions etc. 

methods are applied to reduce the number of alternatives and to pick the best 

products, ideas or concepts in various stages of development. This leads to a reduction of 

complexity in design processes and permits an efficient further development. 
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To cut down efforts in innovation cycles, the reduction of alternatives has to take place as 

early as possible – in practice it is often carried out successively. 

E.g., for user integrating evaluation and selection, fo

• Utility Analysis: With this evaluation method every evaluator can not only judge on 

specific criteria but also weigh the importance of those criteria. Indeed, this method 

is not done with little effort, but it makes for a detailed, realistic assessment of 

ideas, concepts and marketable products and services.

• Systems Usability Scale (SUS):
method uses a standardized form with ten questions to assess products usability.

• ISONORM Questionnaire:
software ergonomics from ISO standard 9241

and other menu-driven products. Its complexity lies between SUS and Utility 

Analysis. 

 

Support measures 

Support measures are methods and tools that support 

making them easier to use or more effective. The increase in efficiency is realized either by 

improving the quality of results or reducing the efforts.

Support measures are mostly combined with other user integration methods

useful measures are described below:

• Thinking Aloud: Participants are urged to describe what they do and think vocally 
during the accomplishment of tasks. This measure is particularly used with test and 

analyzing methods (see also: Ericsson 

• Eye tracking: The recording of eye movements of a test person to identify exactly, 

which parts of a product or picture draw users attention. It is mostly used with test 

methods, especially for analyzing digital content.

• Video and audio recording:
doing and is used with test and analyzing methods.

• Personas: Archetypally descriptions of user profiles, which can be used variously, 
e.g. to confront engineers at least a little bit with user

test persons in different positions of different users (
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wn efforts in innovation cycles, the reduction of alternatives has to take place as 

in practice it is often carried out successively.  

E.g., for user integrating evaluation and selection, following methods can be helpful:

With this evaluation method every evaluator can not only judge on 

specific criteria but also weigh the importance of those criteria. Indeed, this method 

is not done with little effort, but it makes for a detailed, realistic assessment of 

s and marketable products and services. 

Systems Usability Scale (SUS): This simple and not highly detailed evaluation 

method uses a standardized form with ten questions to assess products usability.

ISONORM Questionnaire: This standardized method builds on

software ergonomics from ISO standard 9241-10 and focused mainly on software 

driven products. Its complexity lies between SUS and Utility 

Support measures are methods and tools that support other types of methods, e.g. by 

making them easier to use or more effective. The increase in efficiency is realized either by 

improving the quality of results or reducing the efforts. 

Support measures are mostly combined with other user integration methods

useful measures are described below: 

Participants are urged to describe what they do and think vocally 

during the accomplishment of tasks. This measure is particularly used with test and 

analyzing methods (see also: Ericsson & Simon (1993)). 

The recording of eye movements of a test person to identify exactly, 

which parts of a product or picture draw users attention. It is mostly used with test 

methods, especially for analyzing digital content. 

ording: Helps to repeatedly and exactly analyze what users were 

doing and is used with test and analyzing methods. 

Archetypally descriptions of user profiles, which can be used variously, 

e.g. to confront engineers at least a little bit with user groups, or to put professional 

test persons in different positions of different users (Figure 3). 
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wn efforts in innovation cycles, the reduction of alternatives has to take place as 

llowing methods can be helpful: 

With this evaluation method every evaluator can not only judge on 

specific criteria but also weigh the importance of those criteria. Indeed, this method 

is not done with little effort, but it makes for a detailed, realistic assessment of 

This simple and not highly detailed evaluation 

method uses a standardized form with ten questions to assess products usability. 

This standardized method builds on the principles of 

10 and focused mainly on software 

driven products. Its complexity lies between SUS and Utility 

other types of methods, e.g. by 

making them easier to use or more effective. The increase in efficiency is realized either by 

Support measures are mostly combined with other user integration methods. Four notably 

Participants are urged to describe what they do and think vocally 

during the accomplishment of tasks. This measure is particularly used with test and 

The recording of eye movements of a test person to identify exactly, 

which parts of a product or picture draw users attention. It is mostly used with test 

Helps to repeatedly and exactly analyze what users were 

Archetypally descriptions of user profiles, which can be used variously, 

groups, or to put professional 
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Figure 3. Short visual and textual desc

How to test in Robot-Era? 

To achieve realistic test results and a high acceptability of the developed system, users 

should be involved throughout the whole design process (e.g. idea finding, 

concepts, testing of prototypes, optimizing marketing, packaging and user manuals). It has 

proved to be effective to combine qualitative methods (to find concrete ideas to optimize 

products or services) with quantitative methods (to evaluate o

services). 

The quality of results depends a lot on the methods chosen. Thus, several toolboxes can 

help to find the adequate methods (e.g. YOUSE innovation toolbox used in Robot

In Robot-Era, we aim to test the user experience o

offered by them. Mainly we focus on finding ideas to improve the prototypes in further 

development, but also we want to find out how users evaluate the services from a social, 

ethical etc. perspective, which influenc

Thus, a mix of qualitative and quantitative tools will be used. The tests will be 

possible – task oriented, not process oriented, meaning that users are not asked to perform 

accurately indicated test steps, but trying

leads to more realistic results and shows weaknesses of the technically predetermined use 

process.  

If the technical development is not in the status needed for a task oriented test, we would 

shift from task oriented to more process oriented test methods. Using these, test persons 

receive a step by step description about what to say and do to perform a service 

persons follow a clearly defined chain of test steps. This can be necessary due to the 
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Short visual and textual description of user group on persona card (YOUSE Innovation 

Toolbox) 

To achieve realistic test results and a high acceptability of the developed system, users 

should be involved throughout the whole design process (e.g. idea finding, 

concepts, testing of prototypes, optimizing marketing, packaging and user manuals). It has 

proved to be effective to combine qualitative methods (to find concrete ideas to optimize 

products or services) with quantitative methods (to evaluate or compare products or 

The quality of results depends a lot on the methods chosen. Thus, several toolboxes can 

help to find the adequate methods (e.g. YOUSE innovation toolbox used in Robot

Era, we aim to test the user experience of the first prototypes and the services 

offered by them. Mainly we focus on finding ideas to improve the prototypes in further 

development, but also we want to find out how users evaluate the services from a social, 

ethical etc. perspective, which influences the usability as well.  

Thus, a mix of qualitative and quantitative tools will be used. The tests will be 

task oriented, not process oriented, meaning that users are not asked to perform 

accurately indicated test steps, but trying to get to a desired result on their own way. This 

leads to more realistic results and shows weaknesses of the technically predetermined use 

If the technical development is not in the status needed for a task oriented test, we would 

sk oriented to more process oriented test methods. Using these, test persons 

receive a step by step description about what to say and do to perform a service 

persons follow a clearly defined chain of test steps. This can be necessary due to the 

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 26 of 39 

 

 

ription of user group on persona card (YOUSE Innovation 

To achieve realistic test results and a high acceptability of the developed system, users 

should be involved throughout the whole design process (e.g. idea finding, selection of 

concepts, testing of prototypes, optimizing marketing, packaging and user manuals). It has 

proved to be effective to combine qualitative methods (to find concrete ideas to optimize 

r compare products or 

The quality of results depends a lot on the methods chosen. Thus, several toolboxes can 

help to find the adequate methods (e.g. YOUSE innovation toolbox used in Robot-Era). 

f the first prototypes and the services 

offered by them. Mainly we focus on finding ideas to improve the prototypes in further 

development, but also we want to find out how users evaluate the services from a social, 

Thus, a mix of qualitative and quantitative tools will be used. The tests will be – as far as 

task oriented, not process oriented, meaning that users are not asked to perform 

to get to a desired result on their own way. This 

leads to more realistic results and shows weaknesses of the technically predetermined use 

If the technical development is not in the status needed for a task oriented test, we would 

sk oriented to more process oriented test methods. Using these, test persons 

receive a step by step description about what to say and do to perform a service – test 

persons follow a clearly defined chain of test steps. This can be necessary due to the 
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restricted choice of functions already working. It can mean to define the place where users 

sit or stand during tests, the order of commands and the words/sentences that have to be 

used. The process oriented user test also gives answers about quality and relia

functions tested. Along the way, users behaviour and comments can be taken into account 

to optimize the functions tested. But this type of test can only be a compromise, since a 

process oriented test does not deliver much information about th

overall user experience. 

 

Steps of Preparation and Execution of Usability Tests in Robot

1) During the preparation of test, scenarios have to be described in detailed step
step descriptions. Every single step of interaction or 

has to be described, naming also the technical modules involved. Based on that list 

technical partners are informed, what technical requirements are needed for the 

execution of a scenario. Once the technical status is clear

methods are chosen. 

2) Definition of tasks: To define the tasks that test persons have to fulfil during the 
test, the description of a service is transformed into a task. An example: To define a 

task for testing the “drug and shopping de

the service (“User can go for shopping but needs help in transporting the shopping 

bag so needs the support of outdoor robot and condominium robot”). Formulating 

this as a task, it is “Go shopping (at a predefined 

robot transport your shopping bag from street to apartment”. 

3) Before the test, a questionnaire should be used to find out about individual socio
demographic conditions of the test person. 

4) Participating observation: To ass
oriented test methods should be chosen. These methods allow the user to use the 

product in a way he/she likes to get to a defined goal. A typical and promising 

qualitative test method is the user experi

receives a task and –

to use the product. The tasks will be taken from the service scenarios described in 

deliverable 2.4, and they should make use of the t

The specific tasks to be fulfilled depend on the development status of the robotic 

platforms and have to be defined some weeks before the tests.

 

User Experience Test 

Test method for identifying practical problem, 

products and services 

Suitable for: Test stage of development process; realistic and qualitative results

Preparation:  

• minimum of 4 test persons from target group

• pen and paper 

• product to be tested 

• test-tasks (e.g. including functions, cleaning, transportation)

• environment or room in which product may be used
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ricted choice of functions already working. It can mean to define the place where users 

sit or stand during tests, the order of commands and the words/sentences that have to be 

used. The process oriented user test also gives answers about quality and relia

functions tested. Along the way, users behaviour and comments can be taken into account 

to optimize the functions tested. But this type of test can only be a compromise, since a 

process oriented test does not deliver much information about the service design nor the 

Steps of Preparation and Execution of Usability Tests in Robot-Era 

During the preparation of test, scenarios have to be described in detailed step

step descriptions. Every single step of interaction or of a task performed by the robot 

has to be described, naming also the technical modules involved. Based on that list 

technical partners are informed, what technical requirements are needed for the 

execution of a scenario. Once the technical status is clear, test and evaluation 

 

Definition of tasks: To define the tasks that test persons have to fulfil during the 

test, the description of a service is transformed into a task. An example: To define a 

task for testing the “drug and shopping delivery service” we use the description of 

the service (“User can go for shopping but needs help in transporting the shopping 

bag so needs the support of outdoor robot and condominium robot”). Formulating 

this as a task, it is “Go shopping (at a predefined place) with the robot and let the 

robot transport your shopping bag from street to apartment”.  

Before the test, a questionnaire should be used to find out about individual socio

demographic conditions of the test person.  

Participating observation: To assure realistic results about how a robot is used, task 

oriented test methods should be chosen. These methods allow the user to use the 

product in a way he/she likes to get to a defined goal. A typical and promising 

qualitative test method is the user experience test (see box below), where a user 

– depending on products complexity – some instructions on how 

to use the product. The tasks will be taken from the service scenarios described in 

deliverable 2.4, and they should make use of the technologies / functions developed. 

The specific tasks to be fulfilled depend on the development status of the robotic 

platforms and have to be defined some weeks before the tests. 

Test method for identifying practical problem, suitable for both prototypes and marketable 

Suitable for: Test stage of development process; realistic and qualitative results

minimum of 4 test persons from target group 

 

g. including functions, cleaning, transportation) 

environment or room in which product may be used 
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ricted choice of functions already working. It can mean to define the place where users 

sit or stand during tests, the order of commands and the words/sentences that have to be 

used. The process oriented user test also gives answers about quality and reliability of the 

functions tested. Along the way, users behaviour and comments can be taken into account 

to optimize the functions tested. But this type of test can only be a compromise, since a 

e service design nor the 

During the preparation of test, scenarios have to be described in detailed step-by-

of a task performed by the robot 

has to be described, naming also the technical modules involved. Based on that list 

technical partners are informed, what technical requirements are needed for the 

, test and evaluation 

Definition of tasks: To define the tasks that test persons have to fulfil during the 

test, the description of a service is transformed into a task. An example: To define a 

livery service” we use the description of 

the service (“User can go for shopping but needs help in transporting the shopping 

bag so needs the support of outdoor robot and condominium robot”). Formulating 

place) with the robot and let the 

Before the test, a questionnaire should be used to find out about individual socio-

ure realistic results about how a robot is used, task 

oriented test methods should be chosen. These methods allow the user to use the 

product in a way he/she likes to get to a defined goal. A typical and promising 

ence test (see box below), where a user 

some instructions on how 

to use the product. The tasks will be taken from the service scenarios described in 

echnologies / functions developed. 

The specific tasks to be fulfilled depend on the development status of the robotic 

 

suitable for both prototypes and marketable 

Suitable for: Test stage of development process; realistic and qualitative results 
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• if applicable: use assessment sheet or interview guidelines for final questions

• if applicable: camera or audio taping device

• if applicable: clock 

 

Procedure: 

1. Test persons are handed product and test
with complex products, a short product introduction can be provided.

2. While executing the task, test persons are observed by experts and difficulties are 

documented.  

3. The test may be combined with thinking aloud and a subsequent interview, as well 

as video and audio documentation, time measures, failure rate counting or the use of 

system log files. 

 

5) After the test, users should evaluate their experience by using interview or 
questionnaire based methods. 

With an interrogation of the participating seniors and specialists after the test, the motifs, 

expectations and level of satisfaction can be ascertai

Due to better comparability and ease of use we recommend to additionally use pre

evaluated questionnaires such as the Systems Usability Scale.

 

Systems Usability Scale 

Evaluation method for a simple, but not highly

Suitable for: Test stage of development process; quantitative results

Preparation:  

• assessment form (see below)

• pen and paper 

• product to be tested 

Procedure:  

1. The test person tests or respectively uses the product or already has 

2. The test person grades the results according to the Systems Usability Scale with  1= 

“not applicable at all” up to 5 = fully applicable.
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if applicable: use assessment sheet or interview guidelines for final questions

if applicable: camera or audio taping device 

Test persons are handed product and test-tasks to be executed. When confronted 

with complex products, a short product introduction can be provided.

While executing the task, test persons are observed by experts and difficulties are 

ay be combined with thinking aloud and a subsequent interview, as well 

as video and audio documentation, time measures, failure rate counting or the use of 

After the test, users should evaluate their experience by using interview or 

questionnaire based methods.  

With an interrogation of the participating seniors and specialists after the test, the motifs, 

expectations and level of satisfaction can be ascertained. 

Due to better comparability and ease of use we recommend to additionally use pre

evaluated questionnaires such as the Systems Usability Scale. 

Evaluation method for a simple, but not highly-detailed evaluation of product 

Suitable for: Test stage of development process; quantitative results 

assessment form (see below) 

 

The test person tests or respectively uses the product or already has 

grades the results according to the Systems Usability Scale with  1= 

“not applicable at all” up to 5 = fully applicable. 
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if applicable: use assessment sheet or interview guidelines for final questions 

tasks to be executed. When confronted 

with complex products, a short product introduction can be provided. 

While executing the task, test persons are observed by experts and difficulties are 

ay be combined with thinking aloud and a subsequent interview, as well 

as video and audio documentation, time measures, failure rate counting or the use of 

After the test, users should evaluate their experience by using interview or 

With an interrogation of the participating seniors and specialists after the test, the motifs, 

Due to better comparability and ease of use we recommend to additionally use pre-

detailed evaluation of product usability 

The test person tests or respectively uses the product or already has  

grades the results according to the Systems Usability Scale with  1= 
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3. The points for questions 1, 3, 5, 7 and 9 result from the formula “provided value 

minus 1”. The points for questions 2, 4, 6, 8 and 

provided value”. After calculating these values, they are added up and then 

multiplied by 2.5. The final result lies between 0 (worst result) and 100 (best result).

 

 

The described process can be used to evaluate the 

services provided. Before testing, some questions have to be solved, so that test procedures 

can be planned in detail: 

• Where will the tests take place (laboratory or apartment, which equipment)?

• How many test persons can be involved (about 20 per testsite are recommended 

when tests are short, less when test are very long)

• Which technical components are available in which quality? Which parts of the use 

cases can be tested, which not?

2 . 3  S t e p  I I I :  I s s u e s  f o r  t h e  a d ap t a

e v a l u a t i o n  i n  l a b

In this section a preliminary benchmarking and metrics for the technical  evaluation of the 

platforms in the lab  have been described here.

 

2.3.1 Indoor robot 

The metrics and benchmarks for evaluation of the robot in the

by the different functions and components:

 

Hardware components of the robot:

General status of the hardware components: No component should fail.
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The points for questions 1, 3, 5, 7 and 9 result from the formula “provided value 

minus 1”. The points for questions 2, 4, 6, 8 and 10 result from the formula “5 minus 

provided value”. After calculating these values, they are added up and then 

multiplied by 2.5. The final result lies between 0 (worst result) and 100 (best result).

The described process can be used to evaluate the usability of the robotic platforms and the 

services provided. Before testing, some questions have to be solved, so that test procedures 

Where will the tests take place (laboratory or apartment, which equipment)?

ons can be involved (about 20 per testsite are recommended 

when tests are short, less when test are very long) 

Which technical components are available in which quality? Which parts of the use 

cases can be tested, which not? 

S t e p  I I I :  I s s u e s  f o r  t h e  a d ap t a t i o n  f o r  t h e  R o b o t

e v a l u a t i o n  i n  l a b  

In this section a preliminary benchmarking and metrics for the technical  evaluation of the 

platforms in the lab  have been described here. 

The metrics and benchmarks for evaluation of the robot in the lab environment can be split 

by the different functions and components: 

Hardware components of the robot: 

General status of the hardware components: No component should fail.
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The points for questions 1, 3, 5, 7 and 9 result from the formula “provided value 

10 result from the formula “5 minus 

provided value”. After calculating these values, they are added up and then 

multiplied by 2.5. The final result lies between 0 (worst result) and 100 (best result). 

usability of the robotic platforms and the 

services provided. Before testing, some questions have to be solved, so that test procedures 

Where will the tests take place (laboratory or apartment, which equipment)? 

ons can be involved (about 20 per testsite are recommended 

Which technical components are available in which quality? Which parts of the use 

t i o n  f o r  t h e  R o b o t - E r a  

In this section a preliminary benchmarking and metrics for the technical  evaluation of the 

lab environment can be split 

General status of the hardware components: No component should fail. 
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Autonomous navigation system:

a) Quantitative (hard) criteria:

Number of situations, where the robot loses its localization and no longer knows where he 

is. 

Number of obstacles, which were not detected and therefore caused a crash.

Number of successfully reached destination points.

The navigation system should always respect ex

translational and rotational velocities, etc...)

Critical or abnormal situations (a blocked way, slippery ground, inconsistent sensor 

information ...) should be detected reliably and the navigation system shoul

recover from such situations.

 

b) Qualitative (soft) criteria:

The robot should drive with an acceptable velocity and should reach the destination area 

within the desired (or estimated) time.

Avoidance of dynamic obstacles and people crossing the

Subjective feeling of the users about the movement of the robot. The executed movements 

should always make sense and should be reasonable and understandable by the users. The 

robot should avoid movements, which might confuse the user.

 

c) Manipulation with robot

Environment setup. Numbers and properties of object, table, etc. 

Safe Region. The robot should manipulate in predefined safe region avoiding hurt people.

Scenario setup. The robot be instructed to pick object from A to B. 

Table detection success rate. If the table plane cannot be detected successfully, the 

manipulation cannot be implemented, either.

Object detection success rate. The robot should first detect and separate the objects(the 

objects should not be placed too close)

Grasping success rate. Some objects like drug bottle, should not be crumbled. 

Placing success rate. The object should be placed in pre

cup, it should be not topple over.

Constraints of object. If the 

gripper upright should be created before the manipulation.

Comparison with other robot's(like PR2) performance.

 

2.3.2 Outdoor robot 

As reported in D2.2 “First report on the structures of Robot

implemented in outdoor environment are:

- drug and shopping delivery;

- food delivery (limited to condominium robot);

- garbage collection; 

- outdoor walking support.
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Autonomous navigation system: 

Quantitative (hard) criteria: 

situations, where the robot loses its localization and no longer knows where he 

Number of obstacles, which were not detected and therefore caused a crash.

Number of successfully reached destination points. 

The navigation system should always respect external constraints (like forbidden areas, max 

translational and rotational velocities, etc...) 

Critical or abnormal situations (a blocked way, slippery ground, inconsistent sensor 

information ...) should be detected reliably and the navigation system shoul

recover from such situations. 

Qualitative (soft) criteria: 

The robot should drive with an acceptable velocity and should reach the destination area 

within the desired (or estimated) time. 

Avoidance of dynamic obstacles and people crossing the path of the robot.

Subjective feeling of the users about the movement of the robot. The executed movements 

should always make sense and should be reasonable and understandable by the users. The 

robot should avoid movements, which might confuse the user. 

Manipulation with robot-arm  

Environment setup. Numbers and properties of object, table, etc.  

Safe Region. The robot should manipulate in predefined safe region avoiding hurt people.

Scenario setup. The robot be instructed to pick object from A to B.  

le detection success rate. If the table plane cannot be detected successfully, the 

manipulation cannot be implemented, either. 

Object detection success rate. The robot should first detect and separate the objects(the 

objects should not be placed too close) from the table. 

Grasping success rate. Some objects like drug bottle, should not be crumbled. 

Placing success rate. The object should be placed in pre-defined PlaceRegion. If the object is 

cup, it should be not topple over. 

Constraints of object. If the object is a cup with coffee, constraints that can keep the 

gripper upright should be created before the manipulation. 

Comparison with other robot's(like PR2) performance. 

As reported in D2.2 “First report on the structures of Robot-Era services”, the services to be 

implemented in outdoor environment are: 

drug and shopping delivery; 

food delivery (limited to condominium robot); 

outdoor walking support. 
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Number of obstacles, which were not detected and therefore caused a crash. 

ternal constraints (like forbidden areas, max 

Critical or abnormal situations (a blocked way, slippery ground, inconsistent sensor 

information ...) should be detected reliably and the navigation system should be able to 

The robot should drive with an acceptable velocity and should reach the destination area 

path of the robot. 

Subjective feeling of the users about the movement of the robot. The executed movements 

should always make sense and should be reasonable and understandable by the users. The 

Safe Region. The robot should manipulate in predefined safe region avoiding hurt people. 

le detection success rate. If the table plane cannot be detected successfully, the 

Object detection success rate. The robot should first detect and separate the objects(the 

Grasping success rate. Some objects like drug bottle, should not be crumbled.  

defined PlaceRegion. If the object is 

object is a cup with coffee, constraints that can keep the 

ces”, the services to be 
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From a technical point of view, these services basically require the robot to be able to 

navigate autonomously and safely in urban environment and to exchange goods with the 

condominium robot.  

More in details the robot must be able to:

• move on different types of ground common to urban environment, such as asphalt or 

pave dealing with road disconnections or slippery situations;

• plan and execute a path from a starting position to a target position, computing 

continuously its absolute position;

• detect and avoid obstacles common to urban environment such as pedestrians, cars, 

motorbikes, bicycles, urban furniture, stairs, sidewalk, road gaps, etc;

• transfer goods to the condominium robot and vice versa.

In Robot-era, technical testing and performance evaluation 

concerns autonomous and safe navigation in outdoor environment and the ability to 

exchange goods with the condominium robot.

Due to the extreme variability and varieties of situations, in autonomous navigation 

standards, benchmarks and metrics universally accepted to assess and compare the 

performance of robot navigation systems have not been well defined yet or are roughly 

delineated. This is particularly true for outdoor environments which are more complex and 

very difficult to categorize and standardize.

What is typically evaluated are the ability of the robot to perform the task, the goodness 

and the quality of the performed trajectory, and the safety in performing the task. Usually 

as performance measures are simply reported t

and the distance travelled and the time required to accomplish the task.

Performance metrics generally adopted to evaluate the performance of robot navigation 

system can be classified in three main classes:

• Metrics that evaluate the success of the task (ability to perform the task):

- Success rate: number of successful missions vs. number of total missions.

 

• Metrics that evaluate the dimension of the trajectory (goodness of the trajectory):

- Accuracy and precision in 

- Length of covered trajectory vs. length of optimal trajectory;

- Time required to accomplish the mission vs. time expected.

 

• Metrics that evaluate the smoothness of the trajectory (quality of the trajectory):

- Bending energy or curvature 

 

• Metrics that evaluate the safety of the trajectory (safety of the trajectory):

- Number of collisions per mission, per distance and per time;

- Mean distance between the robot and the obstacles along the path;

- Minimum distance between the 

 

For the technical testing in Robot

three/four representative cases in urban environment. For each representative case a 

number of missions will be executed, data will

Moreover, since the performance of the robot navigation system strongly depends on the 

performance of the localization system, technical tests will be performed on that system 

aiming at evaluates system accuracy and p
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From a technical point of view, these services basically require the robot to be able to 

navigate autonomously and safely in urban environment and to exchange goods with the 

More in details the robot must be able to: 

ypes of ground common to urban environment, such as asphalt or 

pave dealing with road disconnections or slippery situations; 

plan and execute a path from a starting position to a target position, computing 

continuously its absolute position; 

id obstacles common to urban environment such as pedestrians, cars, 

motorbikes, bicycles, urban furniture, stairs, sidewalk, road gaps, etc;

transfer goods to the condominium robot and vice versa. 

era, technical testing and performance evaluation of outdoor platform mainly 

concerns autonomous and safe navigation in outdoor environment and the ability to 

exchange goods with the condominium robot. 

Due to the extreme variability and varieties of situations, in autonomous navigation 

ks and metrics universally accepted to assess and compare the 

performance of robot navigation systems have not been well defined yet or are roughly 

delineated. This is particularly true for outdoor environments which are more complex and 

categorize and standardize. 

What is typically evaluated are the ability of the robot to perform the task, the goodness 

and the quality of the performed trajectory, and the safety in performing the task. Usually 

as performance measures are simply reported the success rate, the number of collisions, 

and the distance travelled and the time required to accomplish the task.

Performance metrics generally adopted to evaluate the performance of robot navigation 

system can be classified in three main classes: 

s that evaluate the success of the task (ability to perform the task):

Success rate: number of successful missions vs. number of total missions.

Metrics that evaluate the dimension of the trajectory (goodness of the trajectory):

Accuracy and precision in reaching the target; 

Length of covered trajectory vs. length of optimal trajectory;

Time required to accomplish the mission vs. time expected. 

Metrics that evaluate the smoothness of the trajectory (quality of the trajectory):

Bending energy or curvature of the trajectory; 

Metrics that evaluate the safety of the trajectory (safety of the trajectory):

Number of collisions per mission, per distance and per time; 

Mean distance between the robot and the obstacles along the path;

Minimum distance between the robot and the obstacles along the path.

For the technical testing in Robot-Era these measures will be evaluated on a set of 

three/four representative cases in urban environment. For each representative case a 

number of missions will be executed, data will be collected and measures calculated.

Moreover, since the performance of the robot navigation system strongly depends on the 

performance of the localization system, technical tests will be performed on that system 

aiming at evaluates system accuracy and precision in urban environment.
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Metrics that evaluate the smoothness of the trajectory (quality of the trajectory): 

Metrics that evaluate the safety of the trajectory (safety of the trajectory): 

 

Mean distance between the robot and the obstacles along the path; 

robot and the obstacles along the path. 

Era these measures will be evaluated on a set of 

three/four representative cases in urban environment. For each representative case a 

be collected and measures calculated. 

Moreover, since the performance of the robot navigation system strongly depends on the 

performance of the localization system, technical tests will be performed on that system 

recision in urban environment. 
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Concerning the ability to exchange goods with the condominium robot, a number of trials 

will be performed to evaluate the success rate in transferring a basket from the outdoor 

robot to the condominium robot and vice versa.

 

2.3.3 Condominium robot

The condominium robot is implemented starting from the same Scitos G5 robotic platform 

as the indoor robot. These robots also share the same autonomous navigation system. For 

these reasons, the criteria to evaluate the hardware and softwa

those related to manipulation) will be shared with the indoor platform. In addition to the 

criteria presented above for the indoor platform, in order to accomplish particular services 

of the condominium platform, the following crit

- Ability of the navigation system to drive the robot in the condominium environment 

(e.g., crowded corridors, avoidance of steps and gaps, interaction with elevator, … ) 

- Reliability of protocols for services that require i

- Connectivity of network interfaces

Interaction with ambient intelligence

- Quality of robot interaction with multiple users

 

2.3.4 Human Robot Interaction

Additionally, all three robotic platforms have similar requirements to be cap

interacting with human users to receive commands and perform their defined tasks.

 

Quantitative measures related to the robot interfaces

• Success rate of person detection

• Success rate of user identification

- Usability of the touchpad interface to 

1. Time from initiation to completion of a task request

2. Success rate of task request initiations

- Usability of the speech interface to control condominium robot. 

This should be inspired by the ITU

dialog management and multimodal dialog management). This may include: 

1) Success rate of speech recognition

2) Time from initiation of to completion of a task request

3) Number of utterances needed to complete task request

4) Robot feedback and/or response 

5) Number and duration of overlaps in human and robot speech

6) Duration of human and robot turns

7) Number of human and robot turns

8) Number of system output modality changes

9) Number of user input modality changes

 

Qualitative measures related to the robot 

• Usability of the touchpad interface to control condomium tasks
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Concerning the ability to exchange goods with the condominium robot, a number of trials 

will be performed to evaluate the success rate in transferring a basket from the outdoor 

robot to the condominium robot and vice versa. 

Condominium robot 

The condominium robot is implemented starting from the same Scitos G5 robotic platform 

as the indoor robot. These robots also share the same autonomous navigation system. For 

these reasons, the criteria to evaluate the hardware and software components (excluding 

those related to manipulation) will be shared with the indoor platform. In addition to the 

criteria presented above for the indoor platform, in order to accomplish particular services 

of the condominium platform, the following criteria will be taken into account: 

Ability of the navigation system to drive the robot in the condominium environment 

(e.g., crowded corridors, avoidance of steps and gaps, interaction with elevator, … ) 

Reliability of protocols for services that require interaction with other platforms

Connectivity of network interfaces 

Interaction with ambient intelligence 

Quality of robot interaction with multiple users 

Human Robot Interaction 

Additionally, all three robotic platforms have similar requirements to be cap

interacting with human users to receive commands and perform their defined tasks.

Quantitative measures related to the robot interfaces 

Success rate of person detection 

Success rate of user identification 

Usability of the touchpad interface to control condominium tasks

Time from initiation to completion of a task request 

Success rate of task request initiations 

Usability of the speech interface to control condominium robot. 

This should be inspired by the ITU-T P series Supplements 24 and 25 fo

dialog management and multimodal dialog management). This may include: 

Success rate of speech recognition 

Time from initiation of to completion of a task request 

Number of utterances needed to complete task request 

Robot feedback and/or response delay 

Number and duration of overlaps in human and robot speech

Duration of human and robot turns 

Number of human and robot turns 

Number of system output modality changes 

Number of user input modality changes 

Qualitative measures related to the robot interfaces 

Usability of the touchpad interface to control condomium tasks 
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The condominium robot is implemented starting from the same Scitos G5 robotic platform 

as the indoor robot. These robots also share the same autonomous navigation system. For 

re components (excluding 

those related to manipulation) will be shared with the indoor platform. In addition to the 

criteria presented above for the indoor platform, in order to accomplish particular services 

eria will be taken into account:  

Ability of the navigation system to drive the robot in the condominium environment 

(e.g., crowded corridors, avoidance of steps and gaps, interaction with elevator, … )  

nteraction with other platforms 

Additionally, all three robotic platforms have similar requirements to be capable of 

interacting with human users to receive commands and perform their defined tasks. 

control condominium tasks 

Usability of the speech interface to control condominium robot.   

T P series Supplements 24 and 25 for spoken 

dialog management and multimodal dialog management). This may include:  

Number and duration of overlaps in human and robot speech 
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• Usability of the speech interface to control condominium robot. This should be 

inspired by recommendations from ITU

P.851-200311-I) for su

include: 

1. user’s impressions of the performance of the speech recognition

2. users’ impression of robot voice

3. users’ impression of quality of dialog
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Usability of the speech interface to control condominium robot. This should be 

inspired by recommendations from ITU-T Rec. P. 851 (http://www.itu.int/rec/T

I) for subjective evaluation for  spoken dialog systems. This may 

user’s impressions of the performance of the speech recognition

users’ impression of robot voice 

users’ impression of quality of dialog-based interaction with robot
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user’s impressions of the performance of the speech recognition 

based interaction with robot 
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3  Conclus ions 

The document has proposed useful models and tools to take into account, during the 

experimental protocol definition for the testing stage in lab, that will be detailed in D8.1 

Experimental protocol for the first cycle of experiments of Robot

end of April, 2013. 

The preliminary analysis of the issues to be approached, both at research and technical 

level, has opened the discussion among all the Consortium partners, in order to completely 

get the different outcomes during the testing in l

Of course, this document will be refined and updated for the second evaluation cycle in real 

condition of use, as well as the experimental protocol, for developing a real and suitable 

model taking into account the changing setting condition.

 

 

  

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

 

document has proposed useful models and tools to take into account, during the 

experimental protocol definition for the testing stage in lab, that will be detailed in D8.1 

Experimental protocol for the first cycle of experiments of Robot-Era services, due 

The preliminary analysis of the issues to be approached, both at research and technical 

level, has opened the discussion among all the Consortium partners, in order to completely 

get the different outcomes during the testing in lab. 

Of course, this document will be refined and updated for the second evaluation cycle in real 

condition of use, as well as the experimental protocol, for developing a real and suitable 

model taking into account the changing setting condition. 

 

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 34 of 39 

 

document has proposed useful models and tools to take into account, during the 

experimental protocol definition for the testing stage in lab, that will be detailed in D8.1 

Era services, due at the 

The preliminary analysis of the issues to be approached, both at research and technical 

level, has opened the discussion among all the Consortium partners, in order to completely 

Of course, this document will be refined and updated for the second evaluation cycle in real 

condition of use, as well as the experimental protocol, for developing a real and suitable 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

References 

Ajzen, I. & Fishbein, M. (1980). Understanding attitudes and predicting social behavior.  

Englewood Cliffs, NJ: Prentice

 

Andresen, E.M., Rothenberg

administered mailed version of the Quality of

older adults. Medical Care; 36: 1349

 

Andrew, F.M., (1986). Research on the quality of life. Survey Research Center, Institute for 

Social Research, University of Michigan, MI.

 

Argyle, M. (1987). The Psycholog

 

Backhaus, C. (2004): Entwicklung einer Methodik zur Analyse und Bewertung der 

Gebrauchstauglichkeit von Medizintechnik; Dissertation an der Technischen Universität 

Berlin. 

 

Baggen, R. & Hemmerling, S. (2002): Evaluation von Benutzbarkeit in Mensch

Systemen; in: Timpe, K.-

Systemtechnik – Konzepte, Modellierung, Gestaltung, Evaluation; Düsseldorf: Symposium; 

S. 233-284. 

 

Bandura, A. (1986). Social Foundations of Thought and Action: A Social Cognitive Theory, 

Prentice Hall, Englewood Cliffs, NJ.

 

Brandstädter, J. &  Baltes-Gotz, B. (1990) Personal control over development and quality of 

life perspectives in adulthood. In P.B. Baltes and M

Perspectives from the Behavioral Sciences. Cambridge: Cambridge University Press.

 

Broz,F,  Di Nuovo A. G., Belpaeme T., &. 

for Eldercare," Robot Feedback in Human

"Readable" for a Human Interaction Partner Workshop at RO

 

Chau, P. Y. K. (1996). An empirical assessment of a modified technology acceptance model, 

Journal of management information systems, 13(2), 185

 

Cohen, S. (2004) Social relationship and health. American Psychologist, 59, 676

 

Compeau, D. R., & Higgins, C. A. (1995). Application of Social Cognitive Theory to Training 

for Computer Skills, Information Systems Research (6:2), 118

 

Compeau, D. R., Higgins, C. A., & Huff, S. (1999). Social Cognitive Theory and Individual 

Reactions to Computing Technology: A Longitudinal Study, MIS Quarterly (23:2), 145

 

Costa P.T., McCrae, R.R. & Zonderman, A.B. (1987). 

influences on well-being: Longitudinal follow

Journal of Psychology, 78,299

 

Costa, P.T. & McCrae, R.R. (1980) Influence of extraversion and introversion on subjective 

well-being: Happy and unhappy people. Journal of Pe

668-678.  

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

Ajzen, I. & Fishbein, M. (1980). Understanding attitudes and predicting social behavior.  

Englewood Cliffs, NJ: Prentice-Hall. 

, Rothenberg, B.M.,  & Kaplan R.M. (1998) Performance of a self

administered mailed version of the Quality of Well-Being (QWB-SA) questionnaire among 

36: 1349-1360. 

Andrew, F.M., (1986). Research on the quality of life. Survey Research Center, Institute for 

Social Research, University of Michigan, MI. 

Argyle, M. (1987). The Psychology of Happiness. Methuen, London. 

Backhaus, C. (2004): Entwicklung einer Methodik zur Analyse und Bewertung der 

Gebrauchstauglichkeit von Medizintechnik; Dissertation an der Technischen Universität 

, S. (2002): Evaluation von Benutzbarkeit in Mensch

-P.; Jürgensohn, T.; Kolrep, H. (Hrsg.): Mensch

Konzepte, Modellierung, Gestaltung, Evaluation; Düsseldorf: Symposium; 

86). Social Foundations of Thought and Action: A Social Cognitive Theory, 

Prentice Hall, Englewood Cliffs, NJ. 

Gotz, B. (1990) Personal control over development and quality of 

life perspectives in adulthood. In P.B. Baltes and M.M. Baltes (eds) Successful Aging: 

Perspectives from the Behavioral Sciences. Cambridge: Cambridge University Press.

Broz,F,  Di Nuovo A. G., Belpaeme T., &. Cangelosi A. (2012). "Multimodal Robot Feedback 

for Eldercare," Robot Feedback in Human-Robot Interaction: How to Make a Robot 

"Readable" for a Human Interaction Partner Workshop at RO-MAN, 2012.

Chau, P. Y. K. (1996). An empirical assessment of a modified technology acceptance model, 

Journal of management information systems, 13(2), 185-204. 

S. (2004) Social relationship and health. American Psychologist, 59, 676

Compeau, D. R., & Higgins, C. A. (1995). Application of Social Cognitive Theory to Training 

for Computer Skills, Information Systems Research (6:2), 118-143. 

iggins, C. A., & Huff, S. (1999). Social Cognitive Theory and Individual 

Reactions to Computing Technology: A Longitudinal Study, MIS Quarterly (23:2), 145

Costa P.T., McCrae, R.R. & Zonderman, A.B. (1987). Environmental and dispositional 

being: Longitudinal follow-up of an American national sample. British 

Journal of Psychology, 78,299-306. 

McCrae, R.R. (1980) Influence of extraversion and introversion on subjective 

being: Happy and unhappy people. Journal of Personality and Social Psychology, 38, 

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 35 of 39 

 

Ajzen, I. & Fishbein, M. (1980). Understanding attitudes and predicting social behavior.  

) Performance of a self-

SA) questionnaire among 

Andrew, F.M., (1986). Research on the quality of life. Survey Research Center, Institute for 

Backhaus, C. (2004): Entwicklung einer Methodik zur Analyse und Bewertung der 

Gebrauchstauglichkeit von Medizintechnik; Dissertation an der Technischen Universität 

, S. (2002): Evaluation von Benutzbarkeit in Mensch-Maschine-

P.; Jürgensohn, T.; Kolrep, H. (Hrsg.): Mensch-Maschine-

Konzepte, Modellierung, Gestaltung, Evaluation; Düsseldorf: Symposium; 

86). Social Foundations of Thought and Action: A Social Cognitive Theory, 

Gotz, B. (1990) Personal control over development and quality of 

.M. Baltes (eds) Successful Aging: 

Perspectives from the Behavioral Sciences. Cambridge: Cambridge University Press. 

Cangelosi A. (2012). "Multimodal Robot Feedback 

eraction: How to Make a Robot 

MAN, 2012. 

Chau, P. Y. K. (1996). An empirical assessment of a modified technology acceptance model, 

S. (2004) Social relationship and health. American Psychologist, 59, 676-684. 

Compeau, D. R., & Higgins, C. A. (1995). Application of Social Cognitive Theory to Training 

iggins, C. A., & Huff, S. (1999). Social Cognitive Theory and Individual 

Reactions to Computing Technology: A Longitudinal Study, MIS Quarterly (23:2), 145-158. 

Environmental and dispositional 

up of an American national sample. British 

McCrae, R.R. (1980) Influence of extraversion and introversion on subjective 

rsonality and Social Psychology, 38, 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Crandall, J. W. & Cummings, M. L. (2007).

Supervisory Control of Multiple Robots. Proceedings of the ACM/IEEEE International 

Conference on Human-Robot Interaction.

 

Dautenhahn, K. & Werry, I. (2002).

interactions. In proceeding of: Intelligent Robots and Systems, 2002. IEEE/RSJ 

International Conference on, Volume: 2.

 

Davis F.D. (1989). Perceived usefulness, perceived

information technology. MIS quarterly, 13 (3) 319

 

Diener, E. (1984). Subjective well

 

Diener, E. (2000) Subjective well

national index in M.E.P. Seligman and M. Csikszentmihalyi (eds) Special Issue on 

Happiness, Excellence, and Optimal Human Functioning. American Psychologist, 55, 

January: 34-43. 

 

DIN (Deutsches Institut für Normung) (2006): DIN EN ISO 9241 

System-Interaktion; Berlin: Beuth.

 

Dumas & Loring (2008): Moderating Usability Tests 

Interacting, New York: Morgan Kaufman

 

Ericsson, K. A., & Simon, H. A. (1993). Protocol analysis: Verbal reports as data. Ca

bridge, MA: MIT Press. 

 

Evans, D.R. (1994) Enhancing quality of life in the population at large. Social Indicators 

Research, 33, 47-88. 

 

Evans, D.R., Pellizzari, J.R., Culbert, B.J. and Meten, M.E. (1993) Personality, marital and 

occupational factors associated with quality of life. Journal of Clinical Psychology, 49, 153

485. 

 

Facal, Mast, Pigini, Kronreif (2010): Interim Report on Definition of Privacy Policy, 

Requirements and Usability Studies Based on Specific Needs of Elderly.

 

Fishbein, M. & Ajzen, I. (1975).  Belief, Attitude, Intention, and Behavior: An Introduction to 

Theory and Research, Addison

 

Gao. Q., Sato, H., P.-L.P., & Asano, Y. (2007). 

web users. Paper presented at the 12th

Interaction (HCI International ’07), Beijing, China.

 

Garratt. A.M, Schmidt, L., Mackintosh

measurement: bibliographic study of patient assessed health outcome measure

Medical Journal; 324 (7351): 1417

 

Glende, S. (2010) Entwicklung eines Konzepts zur nutzergerechten Produktentwicklung 

mit Fokus auf die „Generation Plus“. Südwestdeutscher Verlag für Hochschulschriften

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

J. W. & Cummings, M. L. (2007). Developing Performance Metrics for the 

Supervisory Control of Multiple Robots. Proceedings of the ACM/IEEEE International 

Robot Interaction. 

K. & Werry, I. (2002). A quantitative technique for analysing robot

interactions. In proceeding of: Intelligent Robots and Systems, 2002. IEEE/RSJ 

International Conference on, Volume: 2. 

Davis F.D. (1989). Perceived usefulness, perceived ease to use and user acceptance of 

information technology. MIS quarterly, 13 (3) 319-340. 

Diener, E. (1984). Subjective well-being. Psychological Bulletin , 95 (3), 542

Diener, E. (2000) Subjective well-being: The science of happiness and a proposa

national index in M.E.P. Seligman and M. Csikszentmihalyi (eds) Special Issue on 

Happiness, Excellence, and Optimal Human Functioning. American Psychologist, 55, 

DIN (Deutsches Institut für Normung) (2006): DIN EN ISO 9241 – Ergono

Interaktion; Berlin: Beuth. 

Dumas & Loring (2008): Moderating Usability Tests – Principles and Practices for 

Interacting, New York: Morgan Kaufman 

Ericsson, K. A., & Simon, H. A. (1993). Protocol analysis: Verbal reports as data. Ca

Evans, D.R. (1994) Enhancing quality of life in the population at large. Social Indicators 

Evans, D.R., Pellizzari, J.R., Culbert, B.J. and Meten, M.E. (1993) Personality, marital and 

sociated with quality of life. Journal of Clinical Psychology, 49, 153

Facal, Mast, Pigini, Kronreif (2010): Interim Report on Definition of Privacy Policy, 

Requirements and Usability Studies Based on Specific Needs of Elderly. 

I. (1975).  Belief, Attitude, Intention, and Behavior: An Introduction to 

Theory and Research, Addison-Wesley, Reading, MA. 

L.P., & Asano, Y. (2007). Design affective navigation tools for older 

web users. Paper presented at the 12th international conference on Human

Interaction (HCI International ’07), Beijing, China. 

, Mackintosh, A. & Fitzpatrick, R. (2002

measurement: bibliographic study of patient assessed health outcome measure

324 (7351): 1417-1421. 

Glende, S. (2010) Entwicklung eines Konzepts zur nutzergerechten Produktentwicklung 

mit Fokus auf die „Generation Plus“. Südwestdeutscher Verlag für Hochschulschriften

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 36 of 39 

 

Developing Performance Metrics for the 

Supervisory Control of Multiple Robots. Proceedings of the ACM/IEEEE International 

A quantitative technique for analysing robot-human 

interactions. In proceeding of: Intelligent Robots and Systems, 2002. IEEE/RSJ 

ease to use and user acceptance of 

being. Psychological Bulletin , 95 (3), 542–575. 

being: The science of happiness and a proposal for a 

national index in M.E.P. Seligman and M. Csikszentmihalyi (eds) Special Issue on 

Happiness, Excellence, and Optimal Human Functioning. American Psychologist, 55, 

Ergonomie der Mensch-

Principles and Practices for 

Ericsson, K. A., & Simon, H. A. (1993). Protocol analysis: Verbal reports as data. Cam- 

Evans, D.R. (1994) Enhancing quality of life in the population at large. Social Indicators 

Evans, D.R., Pellizzari, J.R., Culbert, B.J. and Meten, M.E. (1993) Personality, marital and 

sociated with quality of life. Journal of Clinical Psychology, 49, 153-

Facal, Mast, Pigini, Kronreif (2010): Interim Report on Definition of Privacy Policy, 

 

I. (1975).  Belief, Attitude, Intention, and Behavior: An Introduction to 

Design affective navigation tools for older 

international conference on Human-Computer 

, R. (2002) Quality of life 

measurement: bibliographic study of patient assessed health outcome measures. British 

Glende, S. (2010) Entwicklung eines Konzepts zur nutzergerechten Produktentwicklung – 

mit Fokus auf die „Generation Plus“. Südwestdeutscher Verlag für Hochschulschriften 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Hassenzahl & Tractinsky (2006)

Information Technology (25) 2, p91

 

Heerinh, M., Krose, B., Wielinga, B., Evers, V. (2009) Measuring the influence of social 

abilities on acceptance of an interface robot and a screen agent by elderly users

proceeding of: Proceedings of the 2009 British Computer Society Conference on Human

Computer Interaction, BCS-HCI 2009, Cambridge, United Kingdom, 1

 

Holzapfel, Mikut & Burghart (2008): Steps to Creating Metrics for Human

and Communication Skills (of Robots). Workshop on Metrics for Human

2008, March 12th, Amsterdam.

 

Jarvik, L.F. and Perl, M. (1981) Overview of physiological dysfunctions related to psychiatric 

problems in the elderly. In A. Levenson 

physical disease in the elderly, New York: Raven Press.

Kafetsios, K. (2006) Social support and well

Examination of multiple indicators at different levels of analysis. So

76, 127-145. 

 

Kaplan RM, Anderson JP, Ganiats TJ. (1993) The Quality of Well

single quality of life index. In: Walker SR, Rosser RM (Eds). Quality of Life Assessment: key 

issues in the 1990s. Dordrecht,

 

Kaplan RM, Bush JW, Berry CC. Health status: types of validity and the index of well

Health Serv Res. 1975 Winter;11(4):478

 

Kasl, S.V. and Rosenfield, S. (1980) The residential environment and i

mental health of the aged. In J.E. Birren and R.B. Sloan (eds) Handbook of mental health 

and aging. Englewood Cliffs, N.J.: Prentice

 

Manton, K. (1989) Epidemiological, demographic and social correlates of disability among 

the elderly, The Millbank Quarterly, 67, (Siupp.2 PI), 13

 

McCarron, P., Davey Smith, G. and Wormsley, J. (1994) Deprivation and mortality in 

Glasgow: Changes from 1980 to 1992. British Medical Journal, 309, 1481

 

McCeadie & A Tinker The acceptability of as

Society 25, 2005, 91–110. 

 

McDowell, I. & Newell, C. (1996)

questionnaires. Oxford University Press, New York.

 

Miller, R.A. (1994) The biology of ageing and longevity. In W.R. Hazzard, E.L. Bierman, et al 

(eds) Principle of geriatric medicine and gerontology. (3rd edition), New York: McGraw Hill, 

pp 3-18. 

 

Mynatt, E. D., Essa, I., & Rogers, W. (2000) Increasing the

Proceedings of the CUU 2000 Conference on Universal Usability. ACM, New York

 

Nielsen, J. (1993): Usability Engineering, San Francisco: Morgan Kaufmann.

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

Hassenzahl & Tractinsky (2006) User Experience – Research-Agenda. Behaviour in 

Information Technology (25) 2, p91-97. 

Heerinh, M., Krose, B., Wielinga, B., Evers, V. (2009) Measuring the influence of social 

abilities on acceptance of an interface robot and a screen agent by elderly users

proceeding of: Proceedings of the 2009 British Computer Society Conference on Human

HCI 2009, Cambridge, United Kingdom, 1-5 September 2009. 

Holzapfel, Mikut & Burghart (2008): Steps to Creating Metrics for Human

and Communication Skills (of Robots). Workshop on Metrics for Human

2008, March 12th, Amsterdam. 

Jarvik, L.F. and Perl, M. (1981) Overview of physiological dysfunctions related to psychiatric 

problems in the elderly. In A. Levenson and R.C.W. Hall (eds) Psychiatric management of 

physical disease in the elderly, New York: Raven Press. 

Kafetsios, K. (2006) Social support and well-being in contemporary Greek society: 

Examination of multiple indicators at different levels of analysis. Social Indicator Research, 

Kaplan RM, Anderson JP, Ganiats TJ. (1993) The Quality of Well-Being Scale: rationale for a 

single quality of life index. In: Walker SR, Rosser RM (Eds). Quality of Life Assessment: key 

issues in the 1990s. Dordrecht, Netherlands: Kluwer Academic Publishers: 65

Kaplan RM, Bush JW, Berry CC. Health status: types of validity and the index of well

1975 Winter;11(4):478–507 

Kasl, S.V. and Rosenfield, S. (1980) The residential environment and i

mental health of the aged. In J.E. Birren and R.B. Sloan (eds) Handbook of mental health 

and aging. Englewood Cliffs, N.J.: Prentice-Hall. 

Manton, K. (1989) Epidemiological, demographic and social correlates of disability among 

y, The Millbank Quarterly, 67, (Siupp.2 PI), 13-58 

McCarron, P., Davey Smith, G. and Wormsley, J. (1994) Deprivation and mortality in 

Glasgow: Changes from 1980 to 1992. British Medical Journal, 309, 1481

McCeadie & A Tinker The acceptability of assistive technology to older people. Ageing & 

C. (1996). Measuring Health: a guide to rating scales and 

questionnaires. Oxford University Press, New York. 

Miller, R.A. (1994) The biology of ageing and longevity. In W.R. Hazzard, E.L. Bierman, et al 

(eds) Principle of geriatric medicine and gerontology. (3rd edition), New York: McGraw Hill, 

Mynatt, E. D., Essa, I., & Rogers, W. (2000) Increasing the opportunities for aging in place. 

Proceedings of the CUU 2000 Conference on Universal Usability. ACM, New York

Nielsen, J. (1993): Usability Engineering, San Francisco: Morgan Kaufmann.

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 37 of 39 

 

Agenda. Behaviour in 

Heerinh, M., Krose, B., Wielinga, B., Evers, V. (2009) Measuring the influence of social 

abilities on acceptance of an interface robot and a screen agent by elderly users. In 

proceeding of: Proceedings of the 2009 British Computer Society Conference on Human-

5 September 2009.  

Holzapfel, Mikut & Burghart (2008): Steps to Creating Metrics for Human-like Movements 

and Communication Skills (of Robots). Workshop on Metrics for Human-Robot Interaction 

Jarvik, L.F. and Perl, M. (1981) Overview of physiological dysfunctions related to psychiatric 

and R.C.W. Hall (eds) Psychiatric management of 

being in contemporary Greek society: 

cial Indicator Research, 

Being Scale: rationale for a 

single quality of life index. In: Walker SR, Rosser RM (Eds). Quality of Life Assessment: key 

Netherlands: Kluwer Academic Publishers: 65-94. 

Kaplan RM, Bush JW, Berry CC. Health status: types of validity and the index of well-being. 

Kasl, S.V. and Rosenfield, S. (1980) The residential environment and its impact on the 

mental health of the aged. In J.E. Birren and R.B. Sloan (eds) Handbook of mental health 

Manton, K. (1989) Epidemiological, demographic and social correlates of disability among 

McCarron, P., Davey Smith, G. and Wormsley, J. (1994) Deprivation and mortality in 

Glasgow: Changes from 1980 to 1992. British Medical Journal, 309, 1481-1482. 

sistive technology to older people. Ageing & 

Measuring Health: a guide to rating scales and 

Miller, R.A. (1994) The biology of ageing and longevity. In W.R. Hazzard, E.L. Bierman, et al 

(eds) Principle of geriatric medicine and gerontology. (3rd edition), New York: McGraw Hill, 

opportunities for aging in place. 

Proceedings of the CUU 2000 Conference on Universal Usability. ACM, New York 

Nielsen, J. (1993): Usability Engineering, San Francisco: Morgan Kaufmann. 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Prince, M.J., Harwood, R.H., Blizard, R.A., Thomas, A. and Mann, A.

deficits, loneliness and life events as risk factors for depression in old age. The Gospel Oak 

Project VI. Psychological Medicine, 27, 323

 

Rogers W.A., Mayhorn C.B., Fisk A.D. (2004) Technology in Everyday Life for Older Adul

In Burdick DC, Kwon S, editors. Gerontechnology. Research and Practice in Technology and 

Aging. New York: Springer,  3

 

Rosson, M.B. & Carroll, J.M. (2002). Usability

human-computer interaction. San Franc

 

Rubin, J. (1994). Handbook of usability testing: How to plan, design, and conduct effective 

tests. New York: Wiley. 

 

Ryan, R. M. (1982). Control and information in the intrapersonal sphere: An extension of 

cognitive evaluation theory. Journal of Personality and Social Psychology

 

Ryan, R.M. & Deci, E.L. (2001). 

hedonic and eudaimonic well

 

Salvini, P., Laschi, C., & Dario, P. (2007). 

studies", paper presented at International Conference on Robotics and Automation (ICRA 

2007) Workshop on Robo-Ethics, Rome, Italy 10

 

Scheier, M.F. & Carver, C.S. (1985). Optimism, coping and health: assessment and 

implications of generalised outcome expectancies. Health Psychology 4: 219

 

Scheier, M.F.K., Matthews, K.A., Owens, J.F., Magovern, G.J., (1989) Dispositional optimism 

and recovery from coronary artery bypass surgery: The beneficial effects on psychical and 

psychological well-being. Journal of Personality and Social Psychology, 57, 1024

 

Scherer, M.J. & Frisina, D.R. (1994). Applying the Matching People with Technologies Model 

to individuals with hearing loss: What people say they want 

technologies. In M.J. Scherer (Ed), Technology & disability: Deafness and Hearing 

Impairments, 3 (1), 62-68. 

 

Scholtz, J. (2002). Evaluation methods for human

systems. Proceedings of the 2002 Performance Metrics for Intelligent Systems (PerMIS) 

Workshop. Gaithersburg, MD: National Institute of Standards and Technology.

 

Shin, C.C., Johnson, D.M. (1978). Avowed happiness as an overall assessmen

life, Social Indicators Research 5, 475

 

Soloman, D.H. (1999) The role of aging processes in aging

Bengtson and K.W. Schaie (eds) Handbook of Theories of Aging. New York: Springer 

Publishing. Chapter 8, pp 133

 

Venkatesh, V., Morris, M., Davis, G.B., & Davis, F.D. (2003). User Acceptance of 

Information Technology: Toward a Unified View, MIS Quarterly (27:3),  425

 

Wan, T.T.H. (1987) Functionally disabled elderly: Health status, social support and use

health services. Research on Ageing. 9, 61

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

Prince, M.J., Harwood, R.H., Blizard, R.A., Thomas, A. and Mann, A.H. (1997) Social support 

deficits, loneliness and life events as risk factors for depression in old age. The Gospel Oak 

Project VI. Psychological Medicine, 27, 323-332. 

Rogers W.A., Mayhorn C.B., Fisk A.D. (2004) Technology in Everyday Life for Older Adul

In Burdick DC, Kwon S, editors. Gerontechnology. Research and Practice in Technology and 

Aging. New York: Springer,  3-18. 

Rosson, M.B. & Carroll, J.M. (2002). Usability-Engineering – Scenario-based development of 

computer interaction. San Francisco: Morgan Kaufmann. 

Handbook of usability testing: How to plan, design, and conduct effective 

Ryan, R. M. (1982). Control and information in the intrapersonal sphere: An extension of 

Journal of Personality and Social Psychology

Ryan, R.M. & Deci, E.L. (2001). On happiness and human potential: A review of research on 

hedonic and eudaimonic well-being. Annual Review of Psychology, 52: 141

& Dario, P. (2007). "Roboethics in biorobotics: discussion of case 

studies", paper presented at International Conference on Robotics and Automation (ICRA 

Ethics, Rome, Italy 10-14 April 2007. 

Carver, C.S. (1985). Optimism, coping and health: assessment and 

implications of generalised outcome expectancies. Health Psychology 4: 219

Scheier, M.F.K., Matthews, K.A., Owens, J.F., Magovern, G.J., (1989) Dispositional optimism 

coronary artery bypass surgery: The beneficial effects on psychical and 

being. Journal of Personality and Social Psychology, 57, 1024

Scherer, M.J. & Frisina, D.R. (1994). Applying the Matching People with Technologies Model 

dividuals with hearing loss: What people say they want – and need

technologies. In M.J. Scherer (Ed), Technology & disability: Deafness and Hearing 

Scholtz, J. (2002). Evaluation methods for human–system performa

systems. Proceedings of the 2002 Performance Metrics for Intelligent Systems (PerMIS) 

Workshop. Gaithersburg, MD: National Institute of Standards and Technology.

Shin, C.C., Johnson, D.M. (1978). Avowed happiness as an overall assessmen

life, Social Indicators Research 5, 475–492. 

Soloman, D.H. (1999) The role of aging processes in aging-dependent diseases. In V.L. 

Bengtson and K.W. Schaie (eds) Handbook of Theories of Aging. New York: Springer 

33-150. 

Venkatesh, V., Morris, M., Davis, G.B., & Davis, F.D. (2003). User Acceptance of 

Information Technology: Toward a Unified View, MIS Quarterly (27:3),  425

Wan, T.T.H. (1987) Functionally disabled elderly: Health status, social support and use

health services. Research on Ageing. 9, 61-78 

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 38 of 39 

 

H. (1997) Social support 

deficits, loneliness and life events as risk factors for depression in old age. The Gospel Oak 

Rogers W.A., Mayhorn C.B., Fisk A.D. (2004) Technology in Everyday Life for Older Adults. 

In Burdick DC, Kwon S, editors. Gerontechnology. Research and Practice in Technology and 

based development of 

Handbook of usability testing: How to plan, design, and conduct effective 

Ryan, R. M. (1982). Control and information in the intrapersonal sphere: An extension of 

Journal of Personality and Social Psychology, 43, 450-461. 

On happiness and human potential: A review of research on 

being. Annual Review of Psychology, 52: 141-166. 

"Roboethics in biorobotics: discussion of case 

studies", paper presented at International Conference on Robotics and Automation (ICRA 

Carver, C.S. (1985). Optimism, coping and health: assessment and 

implications of generalised outcome expectancies. Health Psychology 4: 219-47. 

Scheier, M.F.K., Matthews, K.A., Owens, J.F., Magovern, G.J., (1989) Dispositional optimism 

coronary artery bypass surgery: The beneficial effects on psychical and 

being. Journal of Personality and Social Psychology, 57, 1024-1040. 

Scherer, M.J. & Frisina, D.R. (1994). Applying the Matching People with Technologies Model 

and need- from assistive 

technologies. In M.J. Scherer (Ed), Technology & disability: Deafness and Hearing 

system performance of intelligent 

systems. Proceedings of the 2002 Performance Metrics for Intelligent Systems (PerMIS) 

Workshop. Gaithersburg, MD: National Institute of Standards and Technology. 

Shin, C.C., Johnson, D.M. (1978). Avowed happiness as an overall assessment of quality of 

dependent diseases. In V.L. 

Bengtson and K.W. Schaie (eds) Handbook of Theories of Aging. New York: Springer 

Venkatesh, V., Morris, M., Davis, G.B., & Davis, F.D. (2003). User Acceptance of 

Information Technology: Toward a Unified View, MIS Quarterly (27:3),  425-78. 

Wan, T.T.H. (1987) Functionally disabled elderly: Health status, social support and use of 



 

 

File name: Robot-Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx

Leader contractor: INRCA 

Participant contractors: YOUSE, R

Ware JE. (1997) SF-36 Health Survey. Manual and Interpretation Guide. The Health 

Institute, New England Medical Centre. Boston, MA. Nimrod Press. Second Edition.

 

Ware, J.E., Kosinsk,i M.,  & Keller, S.K. (1994). SF

Scales: A User’s Manual. Boston, MA: The Health Institute,.

 

Ware, J.E., Sherbourne, C.D. (1992) The MOS 36

I. Conceptual framework and item selection. Me

 

Werner, P. (2004). Reasoned Action and Planned Behavior’, in S.J. Peterson & T.S. Bredow 

(eds), Middle range Theories: Application to Nursing Research, Lippincott Williams & Wilkins, 

Philadelphia, 125-147. 

 

White, J. & Weatherall, A. 

information technology. Educational Gerontology, 26(4): 371

 

Wilkinson, R.G. (1996) Unhealthy Societies: The Afflictions of Inequality. London: 

Routledge. 

 

Wood, R. & Bain, M. (2001) The Health an

from National Data. Information and Statistics Division, Common Services Agency for NHS 

Scotland: Edinburgh. 

 

World Health Organization (2007) Basic Documents. 46the Edition, Constitution of the World 

Health Organization. Page 1. http://www.who.int/gb/bd/E/index.html

 

Young, M.Y. (1991) The adjustment of Salvadorian refugees: Stressors, resources and well

being. Unpublished doctoral dissertation. The University of Western Ontario, London, 

Ontario, Canada. 

 

 

D2.5 – First report on the evaluation metrics 

and benchmarks for Robot

Era_D2.5_MetricsBenchmark1_rev4.1_20130205.docx 

E, RT, MLAB, UHAM, UOP, SSSA 

36 Health Survey. Manual and Interpretation Guide. The Health 

Institute, New England Medical Centre. Boston, MA. Nimrod Press. Second Edition.

Keller, S.K. (1994). SF-36 Physical and Mental Health Summary 

Scales: A User’s Manual. Boston, MA: The Health Institute,. 

Ware, J.E., Sherbourne, C.D. (1992) The MOS 36-Item Short-Form Health Survey (SF

I. Conceptual framework and item selection. Med Care;30:473– 83. 

Werner, P. (2004). Reasoned Action and Planned Behavior’, in S.J. Peterson & T.S. Bredow 

(eds), Middle range Theories: Application to Nursing Research, Lippincott Williams & Wilkins, 

White, J. & Weatherall, A. (2000). A grounded theory analysis of older adults and 

information technology. Educational Gerontology, 26(4): 371-386. 

Wilkinson, R.G. (1996) Unhealthy Societies: The Afflictions of Inequality. London: 

Bain, M. (2001) The Health and Well-Being of Older People in Scotland: Insights 

from National Data. Information and Statistics Division, Common Services Agency for NHS 

World Health Organization (2007) Basic Documents. 46the Edition, Constitution of the World 

th Organization. Page 1. http://www.who.int/gb/bd/E/index.html 

Young, M.Y. (1991) The adjustment of Salvadorian refugees: Stressors, resources and well

being. Unpublished doctoral dissertation. The University of Western Ontario, London, 

First report on the evaluation metrics 

and benchmarks for Robot-Era services 

Page 39 of 39 

 

36 Health Survey. Manual and Interpretation Guide. The Health 

Institute, New England Medical Centre. Boston, MA. Nimrod Press. Second Edition. 

36 Physical and Mental Health Summary 

Form Health Survey (SF-36): 

Werner, P. (2004). Reasoned Action and Planned Behavior’, in S.J. Peterson & T.S. Bredow 

(eds), Middle range Theories: Application to Nursing Research, Lippincott Williams & Wilkins, 

(2000). A grounded theory analysis of older adults and 

Wilkinson, R.G. (1996) Unhealthy Societies: The Afflictions of Inequality. London: 

Being of Older People in Scotland: Insights 

from National Data. Information and Statistics Division, Common Services Agency for NHS 

World Health Organization (2007) Basic Documents. 46the Edition, Constitution of the World 

Young, M.Y. (1991) The adjustment of Salvadorian refugees: Stressors, resources and well-

being. Unpublished doctoral dissertation. The University of Western Ontario, London, 


