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1. INTRODUCTION 

We live in exciting times: robots are moving from factories and outer space into 

spaces occupied by ordinary people. Many modern applications of robotics, such as 

health- and eldercare, service robotics, and education presuppose everyday 

interactions between people and machines. These developments are bolstered by 

government initiatives all over the world, such as the National Robotics Initiative in 

the US and European Horizon 2020 program which place the human in the loop, and 

expand the roles of robots to those of co-workers, co-inhabitants and co-protectors. 

As robots become more and more prevalent in our everyday life, making sure that 

our interactions with them are natural, effective and satisfactory is of paramount 

importance. Given the propensity of humans to treat machines as social actors 

[Reeves & Nass 1986], and the integral role affect plays in human life, providing 

robots with affective responses and socially-appropriate behaviors is a step towards 

making our interaction with them more intuitive. My research so far has followed my 

passion of making robots usable, user friendly, and ready to live in our world, on our 

terms. I've been working towards this goal through designing a framework for 

generation of robot affect, and studying human response to a variety of social robots.  

2. PRIOR RESEARCH 

2.1 TAME: An Integrative Framework for Affective Robotic Behavior  

For my dissertation work, I designed an integrative framework of time-varying 

affective robot behavior (TAME), integrated it into a hybrid reactive-deliberative 

robotic architecture, and implemented it on a humanoid robot [Moshkina et al. 2011] 

This framework was developed with the overall goal of promoting more natural, 

satisfying and effective human-robot interaction, and provides mechanisms for affect 

generation, affective behavior modification, and affect expression. This 

psychologically inspired framework encompasses 4 different yet interrelated affective 

phenomena: personality Traits, affective Attitudes, Moods and Emotions (see Figure 

1 for a conceptual overview). TAME is platform-independent, and can work with a 

variety of robot architectures, although it is particularly well-suited for the behavior-

based paradigm [Arkin 1998]. Given relevant perceptual input, such as the categories 

of visible objects and distances to them (stimuli and their strengths), as well as 

internal state information (e.g., battery level) and environmental conditions (e.g., 

noise levels), the TAME system produces situation-appropriate affect intensities, 

which in turn modify currently active task behaviors through parameter-adjustment. 

The affective components comprising TAME provide a comprehensive, time-

varying base for a robot, and differ with respect to duration (from almost 

instantaneous to life-long), and object-specificity (from very specific to diffuse and 

global). Emotions and moods constitute a robot’s dynamically changing, transient 

affective state (object-specific and short-term for emotions, and diffuse and prolonged 

for moods). Traits determine consistent patterns of behavior across situations and 

environments and are generally time-invariant; attitudes are long-lasting and reflect 

likes or dislikes towards particular objects, persons, or situations; moods are subtle 

and relatively short in duration, biasing behavior according to favorable or 
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unfavorable conditions; and emotions provide a fast yet short-lived response to 

environmental contingencies. The software architecture incorporating the TAME 

framework was designed as a stand-alone process to promote platform-independence 

and applicability to other domains.  

 

 

Fig. 1. Integrative Framework for Affective Robotic Behavior (TAME) 

The TAME framework was implemented as an independent software module, 

and integrated within MissionLab, a multiagent mission specification and execution 

robotic software toolset [MacKenzie, Arkin & Cameron 1997]. Aspects of the resulting 

system were tested on Aldebaran Robotics’ Nao biped humanoid platform in two 

human-robot experiments with over 70 participants. 

In one of these studies, the impact of Negative Mood and emotion of Fear was 

assessed in a mock-up search-and-rescue scenario, where the participants found the 

robot expressing affect more compelling, sincere, convincing and "conscious" than its 

non-affective counterpart. Furthermore, affective expressions of anxiety and fear 

prompted the participants to respond to the robot's request to evacuate sooner, and 

at a greater speed [Moshkina 2012]. Another study showed that different robotic 

personalities are better suited for different tasks: an extraverted robot was found to 

be more welcoming and fun for a task as a museum robot guide, where an engaging 

and gregarious demeanor was expected; whereas an introverted robot was rated as 

more appropriate for a problem solving task requiring concentration.  

My dissertation research has been sponsored in part by a 1-year interdisciplinary 

seed grant from the GVU Center at GA Tech, and by a two-year grant from Samsung 

Co, with the latter resulting in a US patent. 

 
2.2 Social Engagement in Public Places: A Tale of One Robot 

As a National Academies post-doctoral Research Fellow at the Naval Research 

Laboratory, at the Navy Center for Applied Research in Artificial Intelligence, I 

continued the research theme of working towards socially acceptable and user-

friendly robots. While at the NRL, I, along with my mentor Greg Trafton and lab 

colleagues, conducted a large-scale (> 4000 participants) observational field study 

which examined a prediction of Computers Are Social Actors (CASA) framework 

[Reeves & Nass, 1996] : the more machines present human-like characteristics in a 

consistent manner, the more likely they are to invoke a social response. In this study 

[Moshkina, Trickett & Trafton 2014], attendees of a large public event (the Navy 

technology showcase, Fleet Week) had an opportunity to stop and listen to a 

humanoid robot recite a short story, as they were passing from one exhibit to another 

(Fig.2a). The experiment followed a 2x4 between-subject design, where the first 
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independent variable was Story Type (Informative, in the form of a short lecture vs. 

Humorous, in the form of a short joke with a punch-line) and the second the level of 

social cues (Social Cues) produced by the robot, ranging, incrementally, from voice 

only (no movement) to lip movements synced to the text, to facial expressions, to full 

body movement (with a wide variety of gestures). Two stand-alone conditions were 

also run. The first was a baseline condition where the robot was fully idle, and the 

second a stylized game in which the robot interacted with volunteers from the 

audience, thus providing the most social cues. The Xitome Mobile-Dexterous-Social 

(MDS) humanoid robot with 41 degrees of freedom and facial expressiveness was 

programmed to deliver the stories (Fig. 2b).   

Our predictions were as follows: as a robot’s behavior becomes more and more 

human-like, the more people should respond socially to it, specifically, Idle < Voice < 

Lips < Face < Gesture < Game.  The measures that were used in the analysis were 

related to engagement: full engagement (those who stayed from the beginning to the 

end), and partial engagement (attending to the robot for at least 15 seconds). We 

found several strong aspects of support for CASA: the robot that provides even 

minimal social cues (speech) is more engaging than a robot that does nothing, and 

the more human-like the robot behaved during story-telling, the more social 

engagement was observed. However, contrary to the prediction, the robot’s game-

playing did not elicit more engagement than other, less social behaviors, which 

provides an open area for further research to determine what types of behaviors 

would result in greatest engagement.  

      
Fig. 2 a) People watching the robot tell a story  b) The robot performing a variety of gestures 

3. FUTURE PLANS 

I intend to continue following my passion of integrating robots into our daily lives to 

promote better living, with the long-term goal of creating robots as partners, to make 

our interaction with them natural, satisfying, and safe. My research aligns well with 

the National Robotics Initiative vision of co-robots: robots as co-workers, co-explorers, 

and co-inhabitants. I believe that multi-faceted robotic affect is crucial for creating 

collaborative, social behaviors which can have far-reaching practical benefits for HRI. 

In particular, the proven advantages of affective and social robot behavior can be 

applied to many domains, ranging from health- and eldercare to personal and 

educational robotics to self-driving cars. For example, in education, a robot's 

"personality" can be reconfigured to provide a personalized approach to individual 

students, and an efficient task-matching mechanism. In another example, in health 

care, an affectively and socially capable robot can serve as an intermediary between 

the patient and caregiver, easing caregiver's load and creating long-term interactions 

with patients. Finally, affective interfaces can facilitate ensuring drivers' alertness, 

engagement and compliance during control pass-over from self-driving cars to the 

driver. Affect and other socially appropriate robot behaviors can not only alleviate 

these challenges, but help transform robots into true collaborators.  
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