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In this short paper we discuss how incorporating social practices in robotics may contribute to how well humans understand robots' actions and intentions. Since social practices typically are applied by all interacting parties, also the robots' understanding of the humans may improve.

We further discuss how the involved mechanisms have to be adjusted to fit the cultural context in which the interaction takes place, and how social practices may have to be transformed to fit a robot's capabilities and limitations.

I. INTRODUCTION

When robots are acting in more natural environments and contexts it becomes almost impossible to script all possible interactions of the robots with humans on forehand. Moreover, the social interactions between robots and humans will differ in different cultures. Expectations about what parties in a typical interaction should do at each moment are different when the human is young, old, is met in a work environment, at home, etc. We argue that modeling the interactions based on social practice theory [1] will facilitate getting a grip on this complexity. The main premise of social practice theory is that people use a kind of standardized interactions because it simplifies the deliberations that are needed to interact with other people. More importantly, a social practice is not just a standard script, but rather a description of an interaction context describing the meaning of it, the materials needed, and the competences assumed. Hence, social practices allow alternative ways to perform a given task. For example, a social practice including biking to work, may change because of a broken leg or if there is too much snow on the roads. Likewise, we often talk to children in a different way than to adults, e.g by using simplified language, higher pitch, softer tone, and selected topics. In the next section we briefly introduce a more specific description of social practices as we have started to develop it for use in computer science and robotics.

After that we discuss how social practice competence improves understandability of robots, in particular if the cultural context is taken into account.

II. SOCIAL PRACTICES

As we have stated in the previous section, in Social Sciences, social practices are defined on the basis of materials, meanings and competences [2]. Although social practices provide a handle for modelling the deliberation of socially intelligent agents because they seem to combine the elements that we require for socially intelligent behavior, they are a relatively novel and not precisely defined concept from sociology that cannot be easily formalized in one step without making many implicit assumptions. Therefore, we first make a step to get the notions involved in social practices more concrete. We are aware that such a step can already exclude some features that people might consider crucial for social practice theory. However, by making this step explicit, we can more easily adapt the concrete structure and add other elements or change them based on the experiences. The following is an adaptation of an initial conceptualization of social practices, as introduced in [3]: Context

• Roles describe the competencies and expectations about certain types of actors [4]. Thus, a robot is expected to be able to locate a cup in the room and carry it to a specific person.

• Actors are all people and robots (or other autonomous systems) involved, that have capability to reason and (inter)act. This indicates the agents that are expected to fulfill a part in the practice. • Resources are objects that are used by the actions in the practice such as cups, chairs, tables, etc. So, they are assumed to be available both for standard actions and for the planning within the practice. • Affordances are the properties of the context that permit social actions and depend on the match between context conditions and actor characteristics [5]. E.g., a glass can be used to serve tea if no cup or mug is available. But a mug is not seen as an appropriate container for wine. 

Meaning

• Purpose determines the social interpretation of actions and of certain physical situations. E.g., the purpose of serving tea can be to have a break and relax (rather than drinking some fluid). In a business meeting it is a sign of showing hospitality and willingness to take the interests of the other party into account. • Promotes indicates the values that are promoted (or demoted, by promoting the opposite) by the social practice.

Being polite promotes the value of respect. Promoting the shared values through a practice creates a feeling of shared purpose and goals. • Counts-as are rules of the type "X counts as Y in C" linking brute facts (X) and institutional facts (Y) in the context (C) [6]. E.g., in a voting place, filling out a ballot counts as a vote. Note that these rules are culture dependent! Thus, describing the social practice explicit makes these differences clear! Expectations Expectations of a practice can differ between cultures. Thus, the same practice can have different implementations in different cultures. E.g., drinking coffee in Portugal can be done standing at a counter together, while in the Netherlands one should always sit down together while drinking coffee.

• Plan patterns describe usual patterns of actions [7] defined by the landmarks that are expected to occur. E.g., we expect someone to first ask if we want tea or coffee and not to come with tea right away. • Norms describe the rules of (expected) behavior within the practice. They are described as deontic rules using obligations, prohibitions, and permissions. E.g., a robot should not speak before being asked something. Unless it wants to draw attention to something that is important for the practice. petences that the agent is expected to have in order to perform the activities within this practice. E.g., a robot is not expected to drink tea, but we assume that it can serve tea to others. The above description of social practices is quite extensive and complex. For a simple practice this seems far too complex to use. One could just use a simple script. However, the use of all this complexity becomes apparent when during an interaction things are not going according to plan. When using a simple script there are not many ways to recuperate the interaction. In the above description of social practices, one does not have fixed scripts, but only expectations. When an expectation is not met, the description of a social practice gives many handles to cope with the exception. Moreover, and more important in the current context, we can define different instantiations of the same practice that cater for different cultures. This allows us to use the same practice of e.g., greeting, but use different ways of implementing it in Japan, Portugal or the USA. In [8] a more detailed description is given of social practices including a (very complex) formalization in multi-modal logic that can be used to implement them and to reason with them.

III. UNDERSTANDABLE ROBOTS

The importance of understandable robots has been acknowledged in Human-Robot Interaction (HRI) research for a long time. A variety of different terms, with slightly different meaning, are used, such as readability [9], anticipation [10], legibility [11], [12], and predictability [13]. A proposed general definition is [14]: An agent's understanding of another agent is the extent to which the first agent has knowledge about the other agent's SoM in order to successfully interact with it.

SoM here refers to the state-of-mind, comprising entities such as intentions, goals, desires, knowledge, beliefs, emotions, perceptions, capabilities, limitations, task uncertainty, and task progress.

An agent may perform a communicative action to increase another agent's knowledge of the first agent's SoM, i.e. in order to become understandable. For example, a robot vacuum cleaner may reduce its speed to communicate that it is running out of battery power. And a service robot may verbally describe all the different steps it has planned in order to help an older adult to the kitchen (move the chair, walk the older adult to the door, open the door, warn about the threshold, etc.). A well-behaved understandable robot should always try to adjust the amount of communicated information to the knowledge of the human [15]. Obviously, predicting the human's knowledge is, in itself, a non-trivial task with no available general solution.

IV. UNDERSTANDABILITY THROUGH SOCIAL PRACTICES

Social norms have earlier been incorporated in robotic architectures [16]- [18], and the benefits with social norms have been summarized in three points [19]: a) Social norms increase the predictability of others' behavior. b) Social norms help in selecting one owns actions (as desirable or undesirable actions). c) Social norms facilitate coordination among collaborators. Assuming that these three points apply also to social practices, and given the connection between predictability and understandability [13], we see how social practices can play an important role for understandability. If a robot follows a social practice, and this is known by an interacting human, she can much easier predict, and thereby understand, what the robot is doing, why it is doing it, and what it intends to do in the future. The same holds in the other direction -if the robot assumes that the human is following a social practice, this supports the robot's understanding of the human's behaviors and intentions. In both cases, the reason is that a social practice constrains the performing agent's actions, and it also provides reasons for the agent's performed actions.

For example, if an advanced (future) household robot follows a social practice for preparing dinner for the family, every day between 5 and 6 PM, all family members will understand or predict the robot's actions of chopping vegetables, cooking water, and eventually declaring what's for dinner. Family members will align their behavior to the social practice and e.g., gather at home between 5 and 6 PM and may help with dinner preparations (e.g., setting the table). Within such a social practice human behavior is easier interpretable also for the robot, including, for example, understanding a family member's usual irritability due to hunger and reacting accordingly.

Knowing that a social robot follows a practice provides information not only about how and why the robot acts and will act in a certain way, but also about how and why it would act differently should the external conditions change. In a continuation of the previous example, the robot may all of a sudden stop dinner preparations and leave the kitchen for the garage without saying a word. The family would not understand the robot's behavior, its intentions or goals. In fact, since the robot violated the social dinner practice it would become non-understandable. If, however the robot would know that it is deviating from a social practice, it would explain that by, for example, saying "I'll be back, I'll have to fetch more potatoes from the garage". Similarly, humans will interpret the activity of a robot that wraps its arms around a human and says "come with me" differently in a retirement home versus during security check at an airport. The different interpretations are guided by an awareness of the current ongoing social practice.

This improved robot understandability comes at a price: the robot must make sure that the human is aware of the social practice that the robot is following. Thus, the robot's choice of social practice has to be communicated to the human through some kind of communicative action(s).

V. COMMUNICATING SOCIAL PRACTICES

So how can a robot communicate which social practice it is following? One approach is to simply start following the social practice. If the human knows that the robot follows a social practice, plan, intention or goal recognition is replaced by the much simpler task of matching the observed robot behavior with all possible social practices (see Fig. 1a). Often context provides important information and only a small number of social practices are possible for the given context. For example, food preparations in the morning, midday, evening lie within the social practices of serving breakfast, lunch, dinner, resp. Food preparation outdoors on a warm sunny day lie within the social practice of having picnics in the summer, whereas food preparation outdoors on a rainy or snowy day happen rarely. The matching process is simplified in the common case where the robot chooses to follow the social practice it believes the human is following. This practice is then a natural first choice in the human's matching process. For example, if the human starts setting the table, the robot may decide that it should join preparing a meal, i.e. to follow the same social practice as the human. If it starts by switching on the oven, the human has a good chance of understanding without further explanation (see Fig. 1b).

However, while the robot becomes more understandable by deciding to follow the human's social practice, the task of recognizing the other's social practice is thereby moved from the human to the robot. In the example, the robot would have to detect and match the human's current actions with the social practices that are most likely in the given context, in order to conclude that she is preparing a meal. This problem resembles the well-studied problem of action and plan recognition [20], [START_REF] Persiani | Intent recognition from speech and plan recognition[END_REF]. Another approach to communicate the (choice of) social practice is to directly inform the human verbally. For example, the robot may utter "I will cook now" or "Let's get you ready for bed" to signal the social practice.
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A. Communicating changes in social practices

Sometimes a robot has to deviate from a social practice, as in the example above where the robot explains that it is going to the garage to fetch potatoes. Another type of deviation is if the robot's social practice interferes with the human's. An example would be a robot vacuum cleaner pausing its activity and displaying a yellow light when an older adult in a retirement home is about to make their daily call to family. This enables the phone call. The older adult's interpretation of the robot's behavior clearly depends on the expectations on the robot. A stopping robot of today's capabilities signals some kind of failure, while a robot equipped with social practices may signal adaptation to the social context.

B. Cultural adaption

The cultural context should ideally affect both application and recognition of social practices. When a robot decides to apply a social practice, it becomes more understandable if the practice is tuned to the interacting humans' cultural norms and practices. For example, a robot that welcomes visitors to an office should greet people in a way that matches the cultural context (e.g. by bowing, saying something, and/or gesturing in an appropriate way). In this way, the robot appears both more enjoyable and understandable by the visitors. Likewise, if a robot aims at recognizing and following a human's current social practice, the matching of the human's actions with possible social practices should take into account the cultural context. For example, if a waiter robot observes a human raising up and quietly standing by their chair during a dinner event, the robot should, in certain cultures, assume that the human aims at giving a speech. The robot should then start following the human's social practice by stopping its current activities and turning towards the human. In another cultural context, the human's behavior may signal another social practice, or none at all, and the robot should not pay any special attention.

C. Robot capabilities

The social practice SP R adopted by a robot (see Figure 1 may differ from the interpretation SP ′ H of the human's social practice SP H due to physical capabilities and limitations of a robot. For example, a robot without arms or speech capabilities must realize the social practice of greeting in some other way which should be easily understandable for the human, assuming that robot and human both follow the social practice. A robot that, for example, cannot sit should in another way signal that it is acknowledging and following the social practice of sitting around the table during a work meeting by, for example, standing further away from the table as not to be too close to the table and be visible to all. A robot that does not have simulated eyes or a face cannot establish joint attention and has to find alternate ways of communicating that it is following a certain social practice. This kind of adaption required due to a mismatch between human and robot capabilities can be seen as a transformation of a social practice from the original human version to a robot version that is technically possible for the robot to follow.

VI. CONCLUSIONS

In this paper we outlined how social practices can improve robot understandability, facilitate HRI, simplify plan, intention and goal recognition. Furthermore, we believe that, for example, due to robots' capabilities and limitations a new set of social practices could emerge, different from the social practices among humans. Of course, we could not show an actual implementation of a functioning system in this short paper but we want to point to [START_REF] Cranefield | Incorporating social practices in bdi agent systems[END_REF] for a software simulation that makes use of this idea of social practices and is able to cope with unexpected events in a natural way. The main advantage of using social practices as we have described them is that they are more than just a shared script to follow. The social practices also include elements like the roles and assumptions on the parties involved in the interaction. By having this rich structure makes it possible to adjust a social practice to a particular culture by adjusting one or more elements. Having a complete formalization also makes it possible to describe exactly what type of shared expectations one can assume and how these can influence the joint behavior. It is clear that not all elements of social practices can easily be represented in robots. It will require a more general change of the deliberation cycle of the robot. However, we are convinced that this is worth the investment for more scenarios where robots do interact with people in more general settings. We have since implemented a first very simple version on Pepper robots. We intend to extend this in the near future.

Towards Using Robot Ethnographers for Co-developing Culture in

Human-Robot Interactions

Toby Gosnall and Masoumeh Mansouri

Abstract-Culture plays an important role in many aspects of interaction among humans. In a world where robots are becoming ever more prevalent and beginning to interact more with humans, the role of culture in Human-Robot Interactions (HRI) should be explored. This paper starts from theories that culture is co-developed between robots and humans during interactions between them. This co-development is a participatory process for both the robot and the human and one that needs to endow the robot with capabilities that allow it to perform its part of the co-development. This paper argues for the use of a robot ethnographer as a means to achieve co-development of culture. Inspired by digital ethnography techniques, this paper presents how a robot ethnographer can capture the detail of the culture of an HRI while participating in shaping the culture itself. Further, the use of ethnographic techniques allows a thick description of the scene and HRI to be developed allowing a fuller picture of culture to be learned by the robot.

I. CULTURE FOR HUMANS

Culture is an often used word and one that users of the word likely never pause to consider the meaning. That is, culture is a nebulous concept and there are hundreds of definitions with [START_REF] Kroeber | Culture: A Critical Review of Concepts and Definitions[END_REF] listing around 150 definitions [1] and the more modern [START_REF] Baldwin | Redefining culture: Perspectives across the disciplines[END_REF] listing over 300 [2]. Šabanović et al. (2014) suggests that "culture seems omnipresent yet illusive, easy to identify in the abstract but difficult to address in specific instantiations.", page 2, [3]. If culture is a nebulous concept then the question arises as to how a robot can be made to learn culture.

According to Jahoda (2012) "culture is not a thing, but a social construct vaguely referring to a vastly complex set of phenomena", page 300, [4]. Indeed, Hall (1990) suggests that social actors are unaware of a large amount of the culture that is affecting their actions and suggests an iceberg model in which the unknown aspects of culture are 'below the water' and the known aspects of culture are 'above the water' [5]. If humans are unaware of culture that is influencing how they act and communicate, it is difficult for a robot to be programmed to act appropriately for them. As such, it would seem that a way to mitigate these issued would be to program robots to co-develop culture rather than be specifically programmed to recognise a given culture.

In addition to this nebulous nature, it is also suggested by many authors, that culture is not static and that it is something that changes over time. It is perhaps uncontroversial that there is slow change spanning generations [4], [6]. However, it is also known that culture can change T. Gosnall and M. Mansouri are with the School of Computer Science, University of Birmingham, UK, txg147@student.bham.ac.uk, m.mansouri@bham.ac.uk more rapidly than on an inter-generational basis. Hall (1990) provides an example, in which commercial success caused the colours used for traditional Native-American pots to change practically overnight when modern trade favoured colours that were non-traditional. However, although Hall noted that culture can change quickly, it is likely to be a more gradual changing process which develops through repeated interactions.

Culture is also acknowledged by several authors as developing through interactions between social actors, including artificial actors, and this is likely what drives the changes of culture over time. In this vein, Holliday (1999) develops the concepts of large and small culture where large culture is akin to the multi-generational social-construct discussed above imposed by structures such as countries, religion, etc., and small culture which is "a dynamic ongoing group process" developed by interacting with those around you [6]. Holliday (2010) [7] explores large and small cultures further by holding interviews with candidates at least some of whom were living away from their country of birth. His interviewees discuss that whilst they acknowledge their 'large' culture, those interviewees felt that it was their 'small' culture that governed their daily interactions. Accordingly, it might be the case that a co-developed culture, with those involved, has a stronger influence than the 'large' culture acquired by virtue of your birth [7].

II. CULTURE FOR HUMAN-ROBOT INTERACTIONS

Turning to the field of Human-Robot Interactions (HRI's), Šabanović et al. (2014) suggests that "culture is repeatedly assembled -certain core categories recur but are also dynamically adapted through time to fit contemporary circumstances, rather than being a direct copy of existing cultural and technological forms.", page 3, [3]. Later on, Šabanović also suggests that culture develops during humanrobot interactions and fits with symbolic interaction theory that the world is socially constructed, being defined by actions and social interaction [8]. In another example of co-development with robots, Winfield (2018) notes [9], in the context of elderly people in care homes, that the care home residents may well not understand how to interact with a robot. Thus, and as noted above, co-development may be facilitated by arranging the robot with the ability to smooth the interaction which may well help the residents and perhaps mitigate the fact that the residents themselves are unaware of the issues. Also, [START_REF] Ornelas | Redefining culture in cultural robotics[END_REF] present an approach in which culture is emergent, and robots are mutually informing and participating in a process of cultural learning and development. The common theme among the authors above is that culture is generated through interaction between the robot and human, a theory based on which this paper presents a methodological approach to developing culture for HRI [10].

The co-development and participatory notion of constructing culture mentioned above is not the hegemonic interpretation of culture in HRI. The vast majority of studies introduce cultural factors into robotics by relying on what is perceived to be a national culture. This was specifically evident on a recent survey that analysed 50 studies on the intersection of culture and social robotics considering "culture as national culture -values, norms, and practices that are undertaken by a country", page 13, [11]. This reductionist view of culture in robotics has been criticised by several authors on the basis of the fact that these approaches ignore subcultures and lose specificity and nuances in cultures [12].

One reason that culture is such a nebulous concept is the number of factors that might influence it or be influenced by it. In addition to verbal aspects, there are many nonverbal aspects: facial expressions, hand gestures, bowing and hierarchical relationships, gazing, eye contact, touching and personal space, and the sense of time [13]; smiles, bows and personal distance [14]; and tone of voice [15]. There are no doubt more non-verbal communication cues that might be listed here.

Moreover, authors suggest that the totality of the environment around the robot should be considered from a technology (i.e., the robot) and the societal (i.e., the social actors) perspective. For example, "robot's social character extends beyond its physical body, to include multimodal interaction with everyday routines. The robot's social character thus includes its positioning in the space and the arrangement of others around it, as well as its interlocutors' talk, prosody, gestures, visual orientation, and facial expressions", page 894, [16]. In the case of autonomous vehicles, this translates to the importance of testing technology within society and suggests that there is a need to re-focus them in order that they are not simply engineering led such that the societal impacts can be ascertained [17].

III. ROBOT ETHNOGRAPHER FOR LEARNING AND CO-DEVELOPING CULTURE

Programming robots to understand and learn the culture of the human, the environment and the HRI itself is challenging. This is because, as discussed so far, that culture is dynamic and situated in the environment; it is shaped via repeated interactions and co-developed; and that actors are largely unaware of cultural norms acting upon them. To mitigate this challenge, this paper argues for equipping a robot with mechanisms to track interactions and distil culture from those interactions through robot ethnography.

Ethnographic techniques typically involve a longer term view beyond studying specific interactions, e.g., [18]. They are often provided in the toolbox of an ethnographer including direct observation, interviews, focus groups, and document analysis, to name only a few. Technology impacts the techniques used in ethnography, and digital ethnography is introduced as a response to "a contemporary world" by Pink et al., (2016) [19]. In this contemporary world, places, actions, etc. can occur simultaneously in both an online and an offline manner and digital ethnographic techniques allow the totality to be considered. Therefore, studying social media for example is a common method in contemporary digital ethnography.

Building upon digital ethnography techniques, we posit that a robot ethnographer is required for creating and learning of culture. For instance, a robot might be arranged to scrape a Twitter feed of the actors with which it is interacting, analyse data logs [20], or use positional data, etc. Thinking of the Twitter example, then it is conceivable that the feed could be used to build a vocabulary for any HRI, determine interests of the human, consider the underlying network of connections of the account, etc.

With its technical capabilities, a robot is uniquely placed to gather information, to build a thick description, from both online and offline environments. In the social sciences, a thick description is commonly referred to a contextualised human social action that goes beyond physical behaviours. The context of action is interpreted by the actors as well, so that it can be better understood by an outsider.

As discussed above, a culture will develop between a robot and human during any HRI and indeed, it is necessary and desirable, for example, to help ease interaction with residents that are unfamiliar with robots and mitigate problems such as those considered by Winfield [9]. The presence of a robot ethnographer allows both the HRI to be observed and also the wider scene in which the HRI is occurring such that a thick description, capturing the nuances can be generated. This thick description will contextualise the HRI within the scene and could be used to highlight, for example, religious objects which could help explain certain actions during the HRI. Or, the location, which is obtainable via digital information, could help explain the proxemics that exists during the HRI. These nuances will help the robot determine the appropriate culture of the HRI. A robot within the scene is uniquely positioned to be able, not only to participate in, but also to record the HRI and the surroundings in which the HRI is occurring. Here, it is the ability of the robot to record data over a period of time, and pull out nuances within that recorded data, that allows the robot to be considered as a robot ethnographer. However, the dual ability of being present and recording provides the unique opportunity to not only review and analyse many aspects of culture, but also be a participant in co-creating one.

Participant observation is a key ethnographic technique, but one that generally has limited application because the observer will affect the scene. Pink et al. [19] provides an example of a radio listening study where the ethnographer affects the result of that study. Because radio listening is often a solitary activity, perhaps to comfort loneliness, it was not appropriate to have an observer present. Thinking in terms of a robot ethnographer, interaction with the scene observation points to the fact that the robot will affect the scene, and its interactions will start to develop, in Holliday's terms [6], a small culture. This is a desired feature for the HRI culture co-development as opposed to the case of the radio study in which the presence of an ethnographer was not desirable.

To allow a recordal of scene and HRI, a robot can be provided with any number of sensors each capable of recording different aspects of that scene and/or interaction. Cameras could be provided to record images, microphones to record sound, range senors to gauge distance, LiDAR in order to map the environment, etc. With the available data, post HRI analysis could be performed. Actors could be identified and tracked through the environment. Sound and light scapes could be created for the scene. Objects within the scene might be identified.

The use of cameras, let alone a full suite of sensors, rightly often raises ethical concerns as to how the collected personal information is processed and stored. Thus, although using a robot to generate the thick descriptions that are considered here, provides advantages, the ethical consequences need to be considered further in any future developments of a robot ethnographer.

Regardless of the ethical issues, there are many scientific challenges to realise a robot ethnographer. For a robot ethnographer to build a thick description, it is not sufficient to record the scene by means of different types of sensory inputs. Thick description is a (hybrid) representation of the context in which the robot operates and makes sense of the environment. This representation often called a semantic map, is not only a set of recognised objects in the scene, but rather contains salient features of the environment, their relations, and their affordability for interaction. Despite the recent breakthrough in deep learning techniques, the generation of a semantic map, in a general sense with the capabilities mentioned above, is still considered a highly complex problem in computer vision. Moreover, in order to participate in creating culture, the robot ethnographer should reason about what action may lead to a meaningful HRI from which it can learn culture. In other words, a robot should be proactive to reason about its own goals (i.e., goal reasoning), so that by fulfilling those (i.e., automated planning), it can co-develop an HRI culture. For instance, the robot should proactively pose the goal of handing over books or bringing foods for itself in order to learn and develop over repeated interactions what is the culture of those behaviours in the environment those HRIs take place.

IV. CONCLUSION

In summary, we argue that equipping a robot with ethnographic techniques is essential for learning and co-creating culture in a HRI. This involves solving various known AI problems such as semantic mapping, goal reasoning, automated planning, and reinforcement learning, only to name a few. The aim of a robot ethnographer is to build a thick description of both the HRI and the scene by representing and reasoning about a wide range of long-term data to guide the robot behaviours for future HRIs in that environment.
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 1 Fig. 1. Principles by which robots and humans may recognize and understand each other's social practices. a) The human observes the robot as it performs social practice SP R , and recognizes it as SP ′ R . b) The robot observes the human performing social practice SP H , and recognizes it as SP ′ H . It then adopts SP ′ H as its own social practice SP R . This is observed by the human, and the inferred SP ′ R can be easily recognized as SP H if the human assumes that the robot often follows interacting humans' social practices.
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  Places indicate where all objects and actors are usually located relatively to each other, in space or time: The cups, etc. are in the cupboard, chairs next to the table, kettle in the kitchen, etc.