Social analysis for the design of joint action:
towards a methodology

Virginia Dignum*!, Frank Dignum’?, and Catholijn Jonker!!

'Delft University of Technology, The Netherlands
2Utrecht University, The Netherlands

1 Introduction

Coordination is essential for the success of joint action. This success is not
just a consequence of the interleaving of physical actions by the participants,
but is for a large part dependent on common knowledge amongst the actors
to anticipate each other’s behaviour, thus increasing the effectiveness of the
joint activity. Moreover, social interaction has essential effects on social reality,
which can even outweigh the importance of the physical effects, but which are
not directly nor objectively observable. This is an essential aspect of joint action
when designing human-robot joint action.

Understanding the social contexts in which actions and interactions take
place is of utmost importance for planning one’s goals and activities. Whereas
people are pre-eminently able to understand context, robots and other com-
puter systems are notorious for their inability to do so in general. Joint action
in human settings has been a topic of intense research in the social sciences,
cognitive psychology and philosophy. In these areas the emphasis is often on
the exact nature of what constitutes a joint action and on the mental conditions
that should hold for performing a joint action. In the area of Multi-Agent Sys-
tems (MAS) the formal aspects of joint actions, coordination, cooperation and
task dependencies have been extensively studied, but mainly from the point of
view of objectively observable effects.

In this paper, we claim that joint action should be considered from both
the social and the physical perspective jointly. These aspects are interdepen-
dent and influence each other continuously. In order to support the inclusion
of social aspects into state descriptions for joint actions, we propose a method-
ological approach for social analysis of joint action, that enables to identify and
represent the social characteristics of a joint action setting. The aim of this
social analysis is to catch the essential elements from the social context that are
needed to model the joint action. For the case of joint action between people,
this has been extensively researched in Sociology and Psychology [4]: “Just as
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the picking up of information about our environment is fundamental to the per-
formance of action [...], so too, we argue, is an individual in a social context
fundamentally constrained by the picking up of information about others’ inci-
dental movements and intentional actions. Recognizing that our movements and
actions in the world are as constrained by others as, within our body, implies
(a) an universality of dynamical principles that unify components in a system -
they are true for social as well as for non-social action, (b) that linkages are not
simply mechanical, but can be informational - that what we take in with a look
(or other modality) can affect our behaviour as strongly as a mechanical force,
and (c¢) how others ‘moor’ us in space and time defines the frames of reference
for our past, present, and future behaviour.”.

In order to illustrate our proposal, we take as working example the block
world scenario proposed by the workshop organisersin http://fja.sciencesconf.
org/resource/page/id/1. In this example, a person and a robot have to jointly
build a tower of four cubes with a triangle on top. Both have two cubes and a
triangle to contribute. As you notice, the description is given purely in physical
terms. However, in the real world, joint action is not just about the functional
end result (in this case, the completed tower), but also about what that result
means to the participants, i.e. the social and emotional results of the action.
That is, in order to make joint action possible, one needs not only to describe
the physical context as in the example, but the social, mental and behavioural
conditions under which joint action emerges for socially embedded individuals,
and what kinds of patterns of behaviour are possible [4].

In the case of the example, consider that the description would contain
something such as: both the person and the robot should feel satisfied (or
happy) after the tower has been built. Or: the robot and person have never
met before and thus do not know what the other is capable of or wanting to
contribute to the joint action. These additions to the state descriptions will
probably change what we see as acceptable ways to perform the joint action.
These aspects become even more prominent when both actors each have four
cubes and could thus, in principle, build the whole tower alone. Or if they have
only three cubes together and will never manage to build the tower according to
the specification. What would we expect the actors to do in these cases? The
answer will depend on the social context and assumptions we make about the
actors and their relation.

The paper is organised as follows. In the next section, we will look at the
social analysis of joint actions and present a preliminary check-list of essential
elements that should be taken into account. In Section 3, we present preliminary
method for social analysis of a situation, by providing a check-list of issues to
consider. In section 4, we show how the concept of social practices can be used
to combine the social and physical parts of a situation for concrete plans of
actions and mutual expectations about the joint action, and how this can be
used for the design and deliberation of robots that interact with humans. We
finish the paper with some preliminary conclusions and future work to explore
this area.



2 Social Analysis of Joint Action

In sociology, social analysis is the systematic exploration of social issues, related
to the general quality of life, social services and social justice of a society. We
define social analysis of joint action as the evaluation of issues related to the
quality and results of joint action. It includes the identification of the social
characteristics, requirements and expected results of an interaction, as well as
the social meaning of the physical elements of that interaction. In this section,
we will look at aspects of social analysis as they apply to joint action. Le. we
give arguments why some aspects are relevant for joint action between humans
and thus also might influence the joint actions between humans and robots.

In order to focus the discussion and give some concrete example of a joint
action we give the description of joint action in the scenario proposed by the
organizers: “A human and a robot have the goal to build a pile with 4 cubes
and put a triangle at the top. One after the other, they should stack bricks in
the expected order.Each agent has a number of cubes accessible in front of him
and would participate to the task by placing its cubes on the pile. At the end,
one of the agents should place a triangle at the top of the pile.” It is clear
that this description is not sufficient to guarantee that the joint interaction
between human and robot will succeed. For instance, there is no mention of
social relations and status between the two actors, past experiences, assumed
and actual capabilities, mental images each may have of the situation, etc. The
example also does not consider the consequences of success or failure. What is
at stake? How can failure be countervailed if needed?

A social analysis of the situation looks at three different aspects of the social
situation: the (general) social context, the personal social relations between the
actors and the social interpretation of the physical situation.

Firstly, we explore the social context in which the scenario takes place iden-
tifying the relationships between the human and the robot and also the wider
social setting in which the joint action takes place. E.g. does it take place at
school, at home, in a research lab, at a demonstration of robots, etc.? This
wider setting gives a common background and expectation about the joint ac-
tion. Is it something they rarely perform together and thus the actors have little
experience and knowledge of what to expect from each other. Or is it an action
performed as a demonstration and well rehearsed?

Within each setting, actors play take up social roles. E.g. in the setting of
a research lab it may be natural for the human to tell the robot what to do at
each step; whereas in a school, we might expect the robot to take the initiative
in the context of a school and teaching a child to build a tower. Social roles
describe aspects of a setting that lead to standard expectations for most people
involved.

Moreover, the personal social relations should be analysed. These include
the expectations of each actor concerning the result fo the joint action. E.g. in
may be important that all actors are happy at the end of the interaction. This
is particularly important in case the joint action is part of a longer interaction
or relation. So, we need to know about the nature and expectations about the
personal relation between the actors.

Finally, we need to analyse the (possible) social interpretation of the physical
situation, actions, objects and actors. In the example scenario there might not
be many, because it is relatively simple, but we will give a few examples of each



aspect.

Physical situation. The initial position of the blocks on the table suggests
that both the human and the robot “own” two cubes and a triangle and thus can
decide what to do with them. Another example is the time given for the task or
the time of the day at which it takes place can strongly influence the interaction.
E.g. if little time is available in general the more experienced actor will take
more initiative in order to be quicker. Also, the relative position and measure of
the actors and objects is relevant for the social situation. E.g. imagine a huge
robot and a small table with tiny blocks, or a situation in which the person is
too far from the table to be able to handle the blocks.

Actions. The type and order of actions also have a social connotation. E.g.
”taking turns” can be seen as cooperative behaviour. Or, being the one putting
the last block in place can be interpreted as asserting the social status. L.e. the
one finishing the job is the most important. Attaching social interpretations to
the actions will allow to reason about the social effects of the actions that are
performed in the joint action.

Objects. The physical attributes of the objects and the (expected) capabil-
ities of the actors can lead to specific expectations about the joint action. E.g.
if the robot is small and can hardly reach the top of the tower it seems logical to
expect the human to finish it (if that one is taller). Similar things can be stated
about the size, weight, colour, etc. of the cubes. If the robot cannot distinguish
the colours while the cubes should be stacked based on colour it is expected
that the human should assist. Note that the actors are not always aware of the
capabilities (or limitations) of the other actors and thus the joint action should
include the possibility to exchange information about these aspects.

In the next section we will describe a first version of a check list of social
aspects that should always be considered when performing a social analysis and
which can be used to design the robot for particular types of joint actions.

3 Check-list for social analysis

Based on the discussion in the previous section we now try to give a more
concrete check list for the social analysis. The use of such a check list is twofold.
It should be considered at the start of the joint action and also during the joint
action.

At the start of the joint action it should give insight into aspects that should
be considered when a joint action is performed. Not in every joint actions all
aspects will be relevant. The more limited the interaction possibilities, the less
relevant are the social aspects. E.g. in an English auction most aspects are
pre-determined and can be taken for granted by the actors. Thus they hardly
influence the way the interaction is performed or the outcome of it. When the
relevant aspects are determined it should be established whether they are known
to the participants? If aspects are unknown the actor can assume default values
for them or make it a point to acquire the information before or during the joint
action. E.g. if the human does not know whether the robot is capable to reach
the top of the tower it can assume it can (because it would otherwise not start
the joint action) or the human can ask the robot whether it thinks it can reach
that high.

During the joint action the check list is used again whenever unexpected events



occur that necessitate adjustment of the joint action (plan). In this case it
functions as background knowledge that leads repair actions (often involving
information exchange about expectations).

In order to give some structure we divide the social characteristics in three
parts: the situation, the actors and the expected/desired results.

e Situation

— Physical characteristics that impact the social situation

— History (past encounters): have the robot and the person interacted
before? How was that experience? What are the safety measures in
the environment?

— Resources: do all actors have access to all resources? How is owner-
ship?
— Understanding social situation in which the action is to take place
x Individual goals & motives of the actors: do the actors have their
own goals for the joint action? What are their motives for those
goals?
x Joint goals & motives

* Shared awareness: are the actors aware of each other’s goals and
motives? Can they reason about each other?

e Actors
— Capabilities: can each of the actors take all the necessary actions or
are they dependent on each other?

— Physical appearance (size, shape,...): Relative size of robot, blocks
and the human (huge robot, small human, small blocks, vs. tiny
robot and blocks)

— Emotional state: does the human feel intimidated, dominating, su-
perior, etc. to the robot?

— Trust: have the actors bases to trust or mistrust each other?

— Social network, relationships: are there relationships between the
actors? Is the a team of several actors or just is it a pair? How is
the balance human-robot in the team?

— Social status (power, authority...)

e Results

Consequences of success (for each individual and for the group)

Consequences of failure (for each individual and for the group)

Risk assessment measures

Risk mitigation (alternative plans)

In the next section, we provide a framework to represent joint actions in
a way that combines physical, personal and social aspects, using the theory
of social practices. The results of this check-list are used as the input to the
instantiation of joint action as social practices.



4 Social Practices

Social practice theory seeks to determine the link between practice and context
within social situations [8]. Social practices refer to everyday practices and the
way these are typically and habitually performed in (much of) a society. Such
practices as “going to work”, “meeting”, or “greeting” are routinely performed
and integrate different types of elements, such as bodily and mental activities,
material artefacts, knowledge, emotions, skills, and so on [6]. In fact, social
practices can be seen as recurrent joint actions performed for shared social
reasons [9]. Social practices are similar for groups of individuals at different
points of time and location. As such, they can be seen as ways to act in context,
i.e. once a suitable practice is identified, people will use it as a ‘short cut’ to
determine an action which does not require elaborate reasoning about the plan
to follow. However, social practices are not just mere scripts in the sense of [5].
They support, rather than restrict deliberation about behaviour. E.g. the social
practice of “going to work” incorporates means of transport that can be used,
timing constraints, weather and traffic conditions, etc. Maybe, normally you
take a car to work, but if the weather is exceptionally bad you can deliberate a
new plan in this situation and take a bus or train (or even stay home). That is,
different situations give rise to other ways of enacting a social practice.

Although we will not go into the theory of how social practices arise and are
maintained (see [7] for more on this aspect) a very important aspect of them
is that they are a kind of shared way of acting in context. Thus people use a
social practice also to form expectations about the roles and actions of the other
participants in the social practice. E.g. when a person extends his hand to greet
another person, she will expect that the other person will grab the hand and
they start shaking hands. Thus, by their very nature, social practices are used
to standardize interactions and provide a context in which expectations are set
and social interpretations are given for the actions taking place.

Based on these ideas, we developed a model to represent social practices that
can be used in social deliberation by intelligent systems [1]. The components of
this representation model are as follows:

e Physical Context describes elements from the physical environment that
can be sensed:

— Resources are objects that play a role in the practice such as cubes
and triangles in the scenario.

— Places indicates where all objects and actors are located relatively to
each other, in space or time.

— Actors are all people and autonomous systems involved, that have
capability to reason and (inter)act.
e Social Context contains:
— Social Interpretation determines the social context in which the prac-
tice is used.

— Roles describe the competencies and expectations about a certain
type of actors.

— Norms describe the rules of (expected) behaviour within the practice.



Social practice

Block stacking by instruction

Block stacking by teamwork

Purpose
Physical
Social

Stack of 4 cubes with pyramid in top, placed on top of the table

Robot and person satisfied

Physical Context
Resources
Places
Actors

Blocks: cubes and pyramids; table

Blocks are initially on the table; person and robot at opposite ends of the table

Person, robot

Activities

Pick-up blocks, stack blocks, communicate

Social Context
Social
interpretation

Roles
Norms

person feels superior to robot;
follow-orders as cooperative behaviour

Person is the leader, robot the subordinate
Person decides order of blocks

Robot follows person orders

In case of problems, person is responsible for
alternative plan

person is not intimidated by robot;
turn-taking as cooperative behaviour

Teammates

Communication expected to determine who
starts

In case of problems, each can suggest action or
alternative

Plan patterns

Person decides stacking plan

Person requests robot to place block

If robot unable, then person will stack blocks
If block falls, person decides on alternative

Person and robot agree on who starts

Taking turns, each stacks a block

If block falls, they will agree on alternative

The one appointed takes the alternative action

Person knows how to make building plan

Meaning fulfilment of power motive for person Cooperative behaviour
Competences
Physical | Robot has limited range cannot reach tower top |Robot has limited range cannot reach tower top
Person can reach top of tower Person can reach top of tower
Person can pick blocks from the ground Person can pick blocks from the ground
Choice | Robot follows all orders from person Person prefers to use robot blocks first

Person and robot know building plan

Figure 1: Joint action as Social Practice: diffenrent interaction styles

e Activities indicate the normal activities that are expected within the prac-
tice. Not all activities need to be performed! They are meant as potential
courses of action.

e Plan Patterns describe usual patterns of actions defined by the landmarks
that are expected to occur.

o Meaning refers to the social meaning of the activities that are (or can be)
performed in the practice. Thus they indicate social effects of actions

e Purpose refers to the expected physical and social results of the practice

e Competences indicate the type of capabilities the agent should have to
perform the activities within this practice.

Figure 1 shows how this framework can be used to describe the social and
physical aspects of a joint action. Based on the results of the social analysis
described in Section 3, social practice templates can be detailed.

In Sociology, social practice theory is mostly used as inquiry on how social
activity occurs and identifies its main causes and outcomes. Our recent work
[1] proposes to use social practices also as a model for action in (social) context.
The general process for joint action using social practices would include the
following steps:

e Perform a social analysis of the context

e Perform a physical analysis of the context



Match a social practice that fits both the social and physical parameters

Within this social practice determine a course of action

Monitor the environment for the expected interactions during the joint
action

Adjust to any deviations attached based on the information of the social
practice

For the purpose of human-robot interaction, the above can be used in two
ways. In the ideal case, robots would be equipped to perform all the above steps
autonomously. In order to get to that point they would have to use a cognitive
architecture we have coined social agent in [2]. However, we cannot assume
current robots to perform according to this vision yet. Therefore, we propose
that the above process is used by the designer of the robot to guide building the
capabilities of the robot. Due to its high level of abstraction describing activ-
ities, social practices can facilitate the specification of flexible behaviours, e.g.
describing ‘counts-as’ relations between low-level robot functions and high-level
social behaviours. For example, programming a robot to wait for instructions
before picking-up a block, is a way to represent the social behaviour of ‘sub-
ordinate’ as described in the column ‘Block Stacking by Instruction’ in Figure
1. Thus the social practice description leads to the specification of specific
capabilities for the robot that can fulfil its role in the social practice.

Another important aspect that is directly supported by the social practice
description is the analysis of three important factors in human-robot interaction:
Observability, Predictability and Directability (ODP) [3]. L.e. we need to know
what is observable by the participants, which actions of the participants are
predictable, and which actions can be delegated and how this can be done to
each participant.

Observability analysis is supported by the description of the physical context
in the social practice. From this description one might deduce which objects
and actions are/will be visible by the participants and possible remedies to keep
crucial actions observable for the relevant actors.

Predictability analysis is supported by several elements of the social practice.
First of all it indicates the activities and plan patterns that determine the social
practice. These, of course, directly lead to expectations of behaviour. Besides
these elements, the roles also lead to expectations of responsibilities, rights and
norms for the actors that fulfil those roles.

Directability analysis is supported by the roles which indicate which actor is
taking the lead at each point and the plan patterns indicate which dependencies
exist between the actors in the social practice and thus at which points one actor
should be able to direct the other. One can also check whether capabilities exist
with the actors to realize this directability. E.g. if a command should be given
there should be a common language in which the command can be given and
actuators and sensors to send the command and receive it (in time).

Finally, the description of social practices for the joint action supports the
interdependence analysis of the joint action. Awareness of the interdependence
relationships between the actors is important for designing robots because the
activities performed by one actor may influence the activities of the others.
To analyse the interdependences in a joint activity, [3] presents a tool called



the Interdependence Analysis (IA) table, which uses a colour scheme to help
identify the interdependence relationships and describe how one agent supports
the other in teamwork. We suggest to use a tool such as the TA table to refine the
activities and identify the interdependency relations. The designer of the joint
activity and/or robot can take into account known limitations and capabilities
of the robot, and design communication and interaction protocols to support
teamwork.

Depending on circumstances, the designer can also equip the robot with
hardware (sensor, communication devices, grippers, etc.) to support the joint
activity and the teamwork to support that joint activity. For example, the turn-
taking capability asks for some way in which the robot can know when it has to
put a block on the stack. Such capability can be autonomous, e.g., by increasing
the sensory capability, or be dependent on the other actor. In the last case, the
robot and the other actor need communication capabilities and the language to
exchange the necessary information for turn taking.

5 Conclusions

In this paper, we discuss the effect of social issues on joint action. We argue
that for successful joint action, not only is necessary to describe the physical
aspects of the domain, but also, and primarily, its social characteristics. We
introduce an initial check list for social analysis that can guide the designers
of joint actions through the identification of the social characteristics of the
domain. The methodological check-list proposed in this paper supports the
identification of what are the aims and steps of the joint action, but not how to
achieve them.

Social practices, as discussed in section 3, describe the social meaning of
physical action and can therefore be used to describe how to act physically in
ways that are socially acceptable, and enhance the social relationships. We
propose to use the social practice architecture proposed in [1] to specify human-
agent-robot interaction in ways that are computationally interpretable and there-
fore be used to design artificial agents and robots that interact with people.

We conclude the paper by providing an initial description of how social
analysis and social practices can support the design of the robot in order to
participate in human-robot interactions.

This position paper presents very initial work on this topic. Immediate
essential steps will be on the validation of the social analysis check-list, extending
and modifying it by application to several case studies. Future work will focus
on the operationalization of social practices for the design of robots capable of
social joint action.
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