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Background
Symbiotic Autonomy

Rosenthal, 2010
Coradeschi, 2006



(Rosenthal, 2010) the robot shares with the user its 
knowledge about the environment while 
navigating it. The human then is helping the robot 
to traverse closed doors or take the elevator.

(Veloso, 2012) satisfy multiple requests by 
different users.  However, the robot is constrained 
by its structure, and it asks for help if needed.

(Fisher, 2015) propose a framework for enabling a
robot to initiate an interaction to offer its services.

Background
Symbiotic Autonomy



Purpose of the Study

 Symbiotic Autonomy

 Collaboration Attitude

 Factors:
• Gender; 
• Height;
• Environment;
• Proxemics.



Edward T. Hall –
The Hidden Dimension (1966)

OrientationDistance

Approaching Trajectories

Background
Human-Robot Proxemics



(Takayama, 2009) highlight human-centered 
factors in human-robot proxemics, such as pet 
ownership, personality characteristics and gender.

(Koay, 2014) setup an handing-over scenario displaying the 
intention of the robot before executing its actions. 

(Dondrup, 2014) provide a baseline for modeling human-aware 
navigation for passing strategies.

Background
Human-Robot Proxemics



Aim

Collaboration Attitude in human-robot 
interactions.
The robot is asking for human help in 
performing tasks.
(e.g. a robot asking to be plugged in for 
charge, or to open a closed door). CA = h(P;E)

Hypothesis. The Collaborative Attitude between robots and humans in the 
context of Symbiotic Autonomy has not a constant value in all the 

environments, and there are different factors influencing it. We consider 
the environment, where the interaction takes place, and different settings 
of proxemics as two of the main components influencing the Collaboration 

Attitude



Aim
User Study

CA = h(P;E)



Dialogue Interface

• Google Automatic Speech Recognizer;

• Dialogue Manager (AIML);



Experimental Setup
User Study - Procedure

The Robot
1. approaches the user;
2. places itself according to the choosen

Proxemics setting;
3. interrupts the subject by initiating a dialogue;
4. collects the Questionnaire;
5. drives back to the default pose.



Experimental Setup
User Study - Users

Set of subjects with
homogeneous characteristics:

• 20 and 30 years old;
• basic level of acquaintance 

towards robotics.

We evaluated a total of 78 users in a 
“between group” design



Robot : My batteries are running low. Can you 
please plug the power cable?

Human : Yes 

Robot : Thank you! How you can imagine, it’s quite 
difficult for me! 
Thank you again!

Dialogue Interface



Experimental Setup
User Study - Questionnaire

Likert Scale is a psychometric scale commonly
involved in research employing questionnaires.

Users’ responses are scored along a range
0-4 points for measuring the collaboration attitude.

We asked the human to perform three tasks 
with increasing level of difficulty.

We quantified the CA values for each user in a scale from 0 to 4: 
where 0 is the case where the human is not willing to help the robot in any task 
and 4 the opposite situation.



Experimental Setup
User Study - Evaluation

Two-Way Analysis of Variance (ANOVA) allows to study
the relationship between a quantitative dependent
variable and two qualitative independent variables.

Three Hypotheses:

• 𝐻0
𝐼 𝑤. 𝑟. 𝑡 𝑃𝑟𝑜𝑥𝑒𝑚𝑖𝑐𝑠

• 𝐻0
𝐼𝐼 𝑤. 𝑟. 𝑡 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡

• 𝐻0
𝐼𝐼𝐼 𝑤. 𝑟. 𝑡 𝑃𝑟𝑜𝑥𝑒𝑚𝑖𝑐𝑠 𝑎𝑛𝑑 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡

CA = h(Proxemics; Environment)
Proxemics = { INT, PERS, SOC }
Environment = { ACT, REL }



Experimental Setup
User Study - Evaluation

the p-value (Prox) = 0,00185 < 0,05, we reject the 𝐻0
𝐼 null 

hypothesis.
(Mitsunaga 2008, Mumm 2011, Takayama 2009)

p-value is defined as the 
probability of obtaining a 
result equal for the any given 
class

F-test is a statistical test to 
evaluate an F-distribution of a 
given set of samples under the 
null hypothesis.



Experimental Setup
User Study - Evaluation

(Syrdal 2007, Mumm 2011) (Walters 2008)



Concluding Remarks

 Users studies are optimal solution for developing a robotic systems 
(but needs to be carefully setup)

 A questionnaire and a statistical analysis are suitable tools
for evaluating the obtained resutls;

 There are many other factors to consider:


