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Welcome Message 
 

We are pleased to host the First Workshop on Social Interaction in Spatially 

Separated Environments (SISSI) 2010 on September 26, 2010, in Copenha-

gen, Denmark. 

SISSI is inspired by the idea that social relationships play a key role in our 

everyday lives. They are responsible for our well-being, for a productive 

working atmosphere, and for feeling part of our various communities. Today, 

as we are often working and living separated from our relatives, friends and 

co-workers, it is more important than ever to develop methods to stay con-

nected in a global word. It is the goal of SISSI to seek for such methods in 

order to achieve a feeling of togetherness, presence and closeness between 

spatially separated professional or private social groups and individuals. 

Research on social interaction in spatially separated environments is an ac-

tive and emerging field of studies. The numerous and high-quality contribu-

tions of SISSI 2010 encourage us to organize follow-up workshops to con-

stantly reflect concepts, technological progress, methodologies, and studies in 

a research area touching our everyday lives. 

We would like to thank the reviewers and the authors for their hard work and 

are very much looking forward to seeing the excellent submissions presented 

at the workshop. 
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ABSTRACT 

Social Presence is the concept of `being there', of emotional connectedness to 

another person. As relationships are increasingly formed by spatially dispa-

rate partners, supporting social presence has become more important. As 

many intimate acts involve touching, this paper investigates the impact that 

heat, one aspect of touch, has upon social presence. This is presented in the 

form of a thermal hug. Our findings indicate that there was a significant dif-

ference in terms of social presence between those that received thermal `hugs' 

and those that did not. 

INTRODUCTION 

Relationships are one of the things which affect our happiness. People form 

long lasting relationships which serve a psychological need: when they are 

successful, they can make us happy; when placed under strain they may fail, 

with negative consequences for our emotional well-being. Unfortunately we 

live in a world where people often have to maintain long-distance relation-

ships. This can be a source of relational strain and typically prompts people 

to try a variety of communication media in an attempt to bridge the distance 

between one an- other. Thus, communication media can become surrogates 

for people to feel close to one another; to repair the damage of separation by 

maintaining an ongoing sense of emotional connectedness. However abstract 

symbolic communication technologies are not typically designed for main-

taining relationships, they are intended to communicate facts and figures. The 

majority of such communication systems have been proposed for deployment 

without consideration for ubiquitous use.  

This paper investigates whether a device can be made to support relationships 

by fostering a special sense of Social Presence { a person's sense of `being 

there' with and for someone they care about. In many cultures, touch is an 

integral component of many relationally intimate acts of communication, 
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such as hand-holding or walking arm-in-arm. We chose to examine the po-

tential of a haptic stimulus for achieving this goal. There has been some work 

in this area, notably using pressure for hugging [1] and vibration for interper-

sonal position [2]. However, the haptic devices concerned with intimate 

communication tend to supplement an existing artifact rather than replicating 

an action. In this paper, we focus on thermal stimuli as a proxy for the body 

warmth of the other, delivered in a manner that might suit deployment as a 

ubiquitous communication technology - as an inconspicuous wearable de-

vice. 

Togetherness: Synthetic fact or affective state? 

Broadly, there are two main ways in which one might conceptualize the prob-

lem of how spatially separated people can feel together. The first is to create 

an environment which is intended to synthesize to some extent representa-

tions of people so that they are `telepresent' to one another. This is the ap-

proach taken by those who design and construct virtual worlds, whether for 

gaming (Second Life or World of Warcraft) or for corporate communication 

(virtual meeting rooms). They attempt to achieve togetherness by creating a 

sense of embodied joint location in an artificial space. An alternative ap-

proach is to augment each separate person's environment with tokens of the 

remote other to create a sense of togetherness. These tokens are intended to 

foster a state of private, emotional connectedness. This is where we situate 

our work.  

Of the prior work that relates to our concerns, investigations of Social Pres-

ence best identify the research challenges we want to address. Social Pres-

ence has been defined in several ways [3] but the concept originates from the 

work of Short, Williams and Christie [4]. The baseline concept is ―the degree 

of salience of the other person in the interaction and the consequent salience 

of the interpersonal relationship" [4]. However, this definition has a signifi-

cant drawback as it has often been associated with the idea that Social Pres-

ence is only determined by the `richness' of the communication media that 

connects them. Some of Short et al.'s work suggested that the type of joint 

activities people undertake actually works together with the communication 

technology to govern their sense of closeness. In any case, it is has long been 

clear that a simple bandwidth model is inadequate to account for a Social 

Presence. Walther [5] has shown how low-capacity CMC, in the form of 

email, can generate intense feelings of closeness - a stronger sense of identi-

fication with the other than in face-to-face settings. He argues that social cues 

accumulate over time, as people become attuned to the chronemic properties 

of this asynchronous technology. 
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Given that we are interested in prolonged separation of people in close per-

sonal relationships, this is an important insight. Therefore we treat Social 

Presence as the way individuals perceive their discussions, in terms of their 

understanding of the state of their relationship with the other person in the 

interaction. In other words, where a strong prior relationship already exists, 

people initially leverage their belief in the health of their relationship with the 

other as a lens on the mediated message, not the other way around. As a re-

sult, a relatively minimal mediated message could be powerful in terms of the 

relationship, provided it fits in with their understanding of its semiotic appro-

priateness. 

Measuring Social Presence 

A major issue for Social Presence research is that there is, as of yet, no ac-

cepted method for measuring it [3]. The methodological stance adopted by 

investigators follows on from the general approach they take to the issue: 

social presence as a property of the medium or as a phenomenological state 

of the user. As we have argued, social presence should not be viewed just in 

terms of the medium and therefore assessment has to be of the CMC system 

user's feelings towards the other. We chose to use two commonly used social 

presence questionnaires, Semantic Differentials [6] and Networked Minds 

[7]. Our device was not of a quality suitable for field testing so it was decided 

to run an pseudo-experimental study to produce evidence to support the con-

cept of using thermal hugs to support social presence.  

The Semantic Differentials (SD) questionnaire is intended to measure a me-

dium's ability to support social presence. It asks study participants to rate the 

medium in terms of two diametrically opposed adjectives. For example, 

whether they felt their communication was 'closed' or 'open'. Nine such rat-

ings are made, each on a five point scale to create a profile for the attitudes 

participants held towards the mediated conversation they held with one 

another. From our perspective, it is a limitation of this measurement that it 

asks participants to provide a measure that leads participants to think about 

the medium more than their experience of one another through the medium. 

The Networked Minds (NM) questionnaire asks participants to rate their 

agreement with about 40 statements that relate to social presence, each scored 

on a Likert Scale. For example, 'My thoughts were clear to my partner' of 

'My mood did not affect the other individuals mood'. 

The Thermal Hug Belt 

Having established our view of social presence, we propose using a 'thermal 

hug' belt to investigate its impact on social presence. Gooch and Watts, [8], 
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describe the development of the hug belt and concluded that it was safe for 

use and that it produced perceivable stimuli.  

The device consists of a light-weight padded harness (from a backpack), 

inside which we mounted power, control electronics and, more importantly, 

three Peltier devices so that they would approximate to the position in which 

another person's arm would lie if they placed it around the wearer's waist. 

The Peltier devices, when activated, warm up to create a band of heat around 

the wearer's lower back. Figure 1 shows the hardware of the device. Al-

though in our experiments it was controlled by a trailing wire, the concept is 

that it would be worn through the day without the need for a physical connec-

tion. 

 

Figure 1. The Thermal Harness 

EXPLORATORY STUDY 

Having argued that levels of Social Presence are not determined by the com-

munication medium alone, and with some prior evidence that nature of joint 

activity is instrumental in the Social Presence equation, we want to under-

stand how the task dimension might interact with a minimal haptic stimulus 

to generate feelings of Social Presence. It was hypothesised that a highly 

personal task is likely to generate greater feelings of social presence than an 

impersonal one. It was therefore reasoned that an impersonal task may give 

greater differences in social presence caused by the thermal stimuli. 

Design and participants 

We wanted to contrast experiences with and without the belt for each of the 

two task contexts so we adopted a pseudo-experimental approach, counterba-
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lancing task order across our pairs of participants. Just as tasks could exert an 

influence on the value of social presence, so could established relationships. 

It was decided to run the tasks in male/female pairs in either intimate rela-

tionships or close friendships. Age and occupation were not a barrier to par-

ticipation. Our initial investigations have involved only one harness. By se-

lecting male/female heterosexual pairs we expected that gender effects would 

be controlled, the use of the harness being counter-balanced across 

male/female participants.Ten mixed-gender pairs of participants completed 

the study, each having known the other as a good friend (self-rated) for a 

minimum of a year. All were experienced IM users. This gave us a total of 20 

participants who completed the experiment in 10 pairs. 

Pairs were made up of a `heater' (the person providing the heat in some man-

ner) without a harness and a `heatee' (the person wearing the harness). Our 

hypothesis was translated firstly into the straight-forward idea that by con-

necting the thermal stimulus to an action performed by the heater (and that 

this was known by both participants) that the effect of the thermal stimuli on 

the heatee in terms of Social Presence would be increased. Secondly, we 

anticipated that the more socially positive behaviour of the heatee (assuming 

the first hypothesis is correct) would reciprocally increase the heater's sense 

of Social Presence. 

The personal task selected was to `write an account of an holiday or activity 

you did together'. This was selected as it requires participants to reason and 

write about one another, highlighting their relationship and possibly fostering 

a sense of social presence. The impersonal task was the Desert Survival Prob-

lem. There was no reason for applying a time limit on either task type as we 

are not interested in the task performance. 

Measures of Social Presence 

Having determined the activities that the participants will undertake, it is 

necessary to consider what effects are expected and conversely how to meas-

ure them. Four measures were selected. The first was Questioning, partici-

pants were asked every 2 minutes to rate ―On a scale of 1 to 10 (one being 

low), how ―together" do you feel with your partner?". The second was using 

a Rotating switch, participants were asked to rotate a switch (to control a 

dial in the software system) dependent on how close they feel to their partner. 

The third measure was the Networked Minds Questionnaire (NM) ([7]) 

which asks 40 questions about the task completed. The final measure was the 

Semantic Differentials Questionnaire (SD) ([6]) which asks participants to 

rank the task and software between opposite adjectives. 



16                 1st Workshop on Social Interaction in Spatially Separated Environments 

Experimental Communication System 

Software was necessary to turn the hug belt into an experimental platform to 

investigate social presence and thermal stimuli. The software had to contain 

an explicit communication system in order for the experimental tasks to be 

completed. Instant Messaging (IM) was selected as the base method of com-

munication. It was necessary to design and create a custom system in order to 

integrate in the task software and thermal harness. The chat program there-

fore consisted of three parts - a chat section, a task section (either story or 

desert survival) and a `loveometer' section. This is a proposed measure of 

social presence. Each participant was given a rotating switch connected to the 

dial. They were asked to rotate the switch when they felt a change in connec-

tedness with the other participant. 

One of the necessities of the experiment was ensuring that the thermal har-

ness was activated. Without a thermal stimulus being applied, it would not be 

possible to investigate the effect of heat on levels of social presence. The chat 

program had a `hug' button which produced a stimulus. A thermal hug can 

also be produced from a dial or question rating of 7 or greater. Seven was 

selected as a strong indicator of social presence as 5 is the `normal' level. The 

stimuli were subject to a maximum frequency of 1 every 5 minutes, 2 mi-

nutes of stimulus and 3 minutes of cool-down. 

Having a `hug' button integrated into the software to activate the thermal 

device was intended to create a feeling of connectedness for both partners, 

the heater for initiating the hug, the heatee from knowing their partner has 

initiated the hug. The experiment was carried out with the participants physi-

cally separated such that other communication media (such as body lan-

guage) could not be used. Participants had to complete the tasks in silence. 

Participants were requested to wear just a T-Shirt, not to experience exercise 

and to be on campus 30 minutes before the experiment. The reason for this 

was to ensure that their body had a settled temperature. Likewise the room 

was air conditioned to a constant temperature. Although body temperatures 

vary, each participant was in their base state. 

RESULTS 

The design of the experiment was a two (role, independent) by two (task, 

repeated) with task order as a control variable. As such, a mixed model 

MANOVA was selected as the most appropriate statistical test. The loveome-

ter data did not show any significant differences and are not reported here. 

Table 1 shows the means and standard deviation from scoring the NM ques-

tionnaires from each experimental session. There are 40 questions in the 

questionnaire giving a maximum possible score of 200. There was a signifi-
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cant difference in the scores of those who received thermal stimuli to those 

that did not (F = 6.778, p = 0.019). Those who received the thermal stimuli 

reported higher levels of social presence. Therefore there is evidence to sup-

port the hypothesis that social presence, measured by NM, is higher for hea-

tees than heaters. 

Story Task  

Heat (Role) No Heat (Role) 

156 (17.9) 150.40 (22.91) 

Desert Task  

Heat (Role) No Heat (Role) 

158.20 (14.73) 146 (22.21) 

 

Table 1. Mean NM Results (standard deviation in parentheses) 

There was also a significant difference with regards to the ordering of the 

task types (F = 5.407, p = 0.034). Whichever task was presented first had 

higher levels of social presence reported. There was no significant difference 

between the task types or any combination of the factors. 

Table 2 shows the means and standard deviation from scoring the SD ques-

tionnaires from each experimental session. There are 9 questions giving a 

maximum score of 45. There was a significant difference in the interaction 

between the order of the tasks and the task type (F = 6.490, p = 0.022). The 

story task was scored higher when it was completed first. None of the other 

factors displayed significant differences though heating tended to signific-

ance (F = 3.452, p = 0.082). 

Story Task  

Heat (Role) No Heat (Role) 

28.50 (4.40) 29.50 (4.33) 

Desert Task  

Heat (Role) No Heat (Role) 

26.60 (4.06) 30.20 (5.514) 

 

Table 2. Mean SD Result (standard deviation in parentheses) 
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DISCUSSION 

From the experimental results we can state that the overall NM Questionnaire 

ratings demonstrate that thermal stimuli can give rise to higher perceived 

levels of Social Presence. No other measure showed a difference with regards 

to thermal stimuli and social presence though the SD Questionnaire tended to 

significance. Our reservations with respect to SD as a measurement that fo-

cuses on the medium rather than the interaction between people via a me-

dium lead us to see this as a weak measure. We take the position that social 

presence is impacted by the medium, the task type and the relationship of the 

participants. However, the near significance of the SD results suggest that we 

should persist with its use in our further investigations or risk a Type 2 error. 

The NM Questionnaire results demonstrated that there a task effect of the 

type we anticipated - Social Presence is more meaningful for personally in-

volving tasks rather than depersonalized transaction type tasks - but only by 

interaction: the story task scored higher only when completed first, whereas 

the desert survival NM scores were not significantly different whether com-

pleted first or second. 

The SD Questionnaire demonstrated that the story task was rated significant-

ly higher when completed first. One explanation for this could be that the 

tasks did not lend themselves to direct comparison. To investigate this further 

we propose that a further study be undertaken to compare more similar tasks 

- for example, compare the Desert Survival task against a task whereby par-

ticipants have to rank potential date locations. 

CONCLUSION 

The main implication of our ongoing investigation is that thermal hugs create 

higher feelings of social presence between participants. Whether this is due 

to the thermal stimuli or the implicit meaning carried over from mimicry 

existing behaviour (i.e. hugs) warrants further investigation. We have just 

begun to consider the importance of device conspicuity. Our design context 

is for highly personal communications and we carry with that concept the 

idea that such communications are underpinned by privacy. However, the 

personal gestures we referred to at the beginning of the paper - walking hand-

in-hand or arm-in-arm - are public. Thus there is room to explore through our 

future work the boundaries of the personal in public. 

This paper has determined that the two questionnaires, NM [7] and SD [6] 

can be used in experimental sessions. The importance of this is that given the 

lack of evaluation undertaken by most work in this area, there is no reason 

why the questionnaires shouldn't be used. However we regard the role of 

these questionnaires in the methodological approach to highly personal So-
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cial Presence as an important open issue, including the possibility of ques-

tionnaire fatigue from NM and the continued lack of reliability and validity 

testing. 

We believe that it is necessary is to create a usable theoretical framework of 

the factors that can affect Social Presence in this context, capable of inform-

ing both design and evaluation activities, in order to gain a deeper under-

standing of the concept which, as this paper has highlighted, is currently 

under specified. 
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ABSTRACT  

Public spaces are important building blocks of local communities. They faci-

litate social encounters, create a sense of belonging, and can provide relaxa-

tion, excitement, and learning opportunities. However, a single public space 

may be shared by different social groups only at different times, effectively 

keeping those groups separate. At the same time, other social groups may 

share common interests yet do so across physically separated spaces. Public 

Displays can play an important role in bridging such gaps in social interac-

tion – across spatial barriers, temporal barriers, and social barriers. The fol-

lowing article discusses the role of public spaces in the social fabric of com-

munities and outlines the challenges in bringing separated communities to-

gether, based on a literature review in urban design studies and related discip-

lines. It then describes the potential of public display technology to address 

those challenges with the help of four illustrating scenarios.  

Author Keywords Public space; Public displays;  

ACM Classification Keywords H.5.1 [Information Interfaces & Presenta-

tion] Multimedia Information Systems  

General Terms Design  

INTRODUCTION  

We encounter public spaces everywhere we go: town centers, parks, and 

public streets are all common settings of our everyday life. They are a pass-

ing scenery on our way to work, a place where we run into friends and ―hang 

out‖, or an opportunity to sit down and relax for a moment. But whoever 

―we‖ might be, ―we‖ are not the only people occupying the public space. 

Different social groups, e.g., based on race, religion, age, or gender, reside in 

and across public spaces. More often than we might expect, these groups 

form communities that have difficulties interacting with each other, even 

though they inhabit the same space. At the same time, groups may be distri-
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buted across multiple physical centers where different group members meet, 

in turn making it difficult to create a sense of community among them [3]. 

Public displays have the potential to bridge those gaps between communities, 

both within and across public spaces. Today‘s public spaces see an increasing 

deployment of large digital displays: in shopping malls, universities, mu-

seums, buses, in train stations or even on building facades. While many of 

those displays are still singular installations that simply run some slideshow 

of a locally connected computer, it is easy to envision that in the future, all of 

these displays could be interconnected through the Internet. Endowed not 

only with output, but also input capabilities (e.g., sensors), they could consti-

tute a novel global communication medium.  

This new medium could be used in several ways: it could promote social 

diversity in a public space and ease the communication between different 

communities occupying the same space; it could help shrinking the distance 

between distributed communities by enabling synchronous and asynchronous 

inter-community communication; it could enhance the context of a place by 

providing place to people communication; and it could familiarize visiting 

members of a community with a community-relevant place.  

This position paper attempts to outline the challenges of transforming today‘s 

one-way public displays into a future communication medium. It briefly 

summarizes current scholarly work on public spaces and their typologies, and 

identifies general opportunities for providing social interaction within and 

across communities that occupy public spaces. Finally, it presents four scena-

rios that illustrate the potential of situated public displays in bridging sepa-

rated communities, and in communicating the notion of a place to people.  

PUBLIC SPACE TYPOLOGIES  

The question ‗What is a public space?‘ can be analyzed from different pers-

pectives. Gehn and Matan [4] contrast and discuss two different views domi-

nant in the literature: one focuses on a space‘s context, the other on actual use 

of the space. The first approach defines public space as a ‗kind of hybrid of 

physical spaces and public spheres‘, where the public sphere is the area of 

social life where people can freely meet, discuss, and create political opi-

nions. In this view, the important defining element of a space is its historical, 

political, and social context and how those affect people‘s perception of the 

public space. The second view defines public space as ‗open public loca-

tions… where citizens can gather, linger or wonder through‘. In this view, 

public space is defined by its actual everyday use.  

In their seminal book on public spaces, Carr et al. [3] follow the second view 

and define public space as ‘the common ground where people carry out the 
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functional and ritual activities that bind a community, whether in the normal 

routines of daily life or in periodic festivities…[it] is the stage where the 

drama of communal life unfolds.‘ Carr et al. subsequently classify eleven 

different types of public spaces, based on how people use the space: public 

parks, squares and plazas, memorial, markets, streets, playgrounds, commu-

nity open spaces, greenways and parkways, atrium/indoor marketplace, 

found/neighborhood spaces, and waterfronts. Although their typology is 

based on public spaces in the US there is significant overlap with spaces in 

other countries.  

While Carr et al.‘s typology of public spaces focuses on usage, Carmona [1, 

2] offers a typology that instead uses aspects of function, perception and 

ownership, resulting in no less than 19 different types: natural/semi-natural 

urban space, civic space, public open space, movement space, service space, 

left over space, undefined space, ‗interchange‘ space, public ‗private‘ space, 

conspicuous space, internalized space, retail space, ‗third place‘ spaces, pri-

vate ‗public‘ space, visible private, interface spaces, user selecting spaces, 

private open space, external private space, and internal private space.  

In contrast to these two rather concrete typologies, Iveson [5] uses political-

economical analysis in order to describe how the conception of public space 

can change its use. He differentiates between four different models: the ce-

remonial model of public space, i.e., public space ―that represents the tri-

umph of public over the market through state ownership and large-scale civic 

design‖, the community model of public space, i.e., public space that fosters 

community, the liberal model of public space, i.e., public space that is open 

to all and ignores all social differences, and the multi-public model of public 

space, i.e., public space comprised of different people with different opi-

nions. According to Iveson the first three models have flaws: the ceremonial 

model doesn‘t include openness by virtue of being the state‘s apparatus; the 

community model could lead to homogenization of the people occupying the 

space by making them belong to the same community (outsiders are not wel-

comed); the liberal model that is ‗open to everyone‘ could be interpreted as 

‗open to everyone like us‘. In contrast to the three mentioned models, which 

assume uniform representation of the public space, the multi-public model 

sees the public space comprised of multiple publics coexisting in the same 

space at the same time. This goes along with the findings from Holland et al. 

[6] reporting that different social groups often occupy the same space.  

Needs, Rights, and Meanings  

Public space typologies tell us how we can classify and describe the public 

space, but they do not tell us what people seek and do in them. Carr et al. [3] 
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conclude that ‘most people go to public open spaces for specific reasons.‘ 

They describe the necessary qualities that public spaces should support in 

order to address human necessities more effectively. They call them ―human 

dimensions of public space‖ and they include the needs, rights, and mean-

ings.  

Needs  

Human needs in public spaces vary from immediate needs for food, water, or 

rest, to less obvious long-range purposes, like the need to exercise. They 

provide opportunities to connect with other people by running into friends, or 

by simply watching what other people do. A bench in the park can provide an 

escape from the everyday fluster of work, noise, and crowd.  

There are five types of needs in public spaces: comfort, relaxation, passive 

engagement with the environment, active engagement with the environment, 

and discovery. Comfort is one of the basic human needs and without it, it is 

very difficult to see how other needs can be achieved. The level of comfort 

can influence the amount of time people stay in a place. Also, psychological 

and social comfort is a ‘deep and pervasive need‘ that extends the overall 

experience of a place. Relaxation is the state of the body and mind at ease. 

One of the factors that raise the level of comfort is the contrast to the adjacent 

urban environment. Passive engagement with the environment is the need of 

connecting with the setting without being actively involved. The most com-

mon passive activity is ―people watching‖. Active engagement with the envi-

ronment represents more direct interaction with the space itself and people in 

it. People want to socialize in public places with friends, acquaintances, and 

strangers, e.g., ‘parent socializing appears to be as important as child play in 

a playground/park.‘ Also, strangers are more likely to socialize if there is an 

unusual event going on creating the effect of ―triangulation‖ whereby the 

special feature of the place is a link between the people and stimulates stran-

gers to socialize. Ultimately, public space is ‘a place to bump into friends and 

neighbors, share news, gossip, and lobby officials.‘ Discovery represents the 

desire for stimulation, challenge, and enjoyment we all have in exploring new 

things, which would be in this case exploring new parts of the space. The 

need for discovery is usually met by traveling or by meeting new people. To 

make the place more interesting either people have to bring suitable items 

with them, e.g., books, or the place itself has to provide some sort of stimula-

tion that will endure people‘s stay.  

Rights  

‘The rights to use a public space and have a sense of control within it are 

basic and overarching requirements.‘ [3] These requirements are achieved 
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through access, freedom of action, appropriation, claim, change, and owner-

ship and disposition. Access refers to the ability to enter space. It can be 

physical, visual, or symbolic: Is the space physically available to the public? 

Can potential users of the space see into it and conclude that it is a public 

space that is welcoming them? And is there a presence of cues (boards) and 

people (security guards) indicating who is welcomed in the place? Freedom 

of action involves ‘the ability to carry out the activities that one desires, to 

use a place as one whishes but without the recognition that a public space is 

shared.‘ However, the interests of one group may be a potential threat for 

another (e.g., teenagers and elderly), creating the necessity of balance be-

tween different groups and activities in the place. Also, some groups are 

often neglected in public spaces, such as people with disabilities, women, or 

the elderly. Claim represents stating a possession of the space. Different 

groups are subject to time-sharing of the space, e.g., teenagers and the elderly 

occupy the space at different times. In order to achieve their goals in the 

space, people need a certain degree of spatial control over it. Control can 

provide evidence that people care about the space, that it belongs to someone, 

and that people, even non-users, value and respect it. One of the important 

qualities of a space is its change over time. This change can be permanent, 

e.g., a new fountain, or temporal, e.g., moving the chairs in a café. Also, 

events, like concerts, protests, celebrations, can occupy the space and change 

its use. Although public spaces are supposed to be owned by the public, own-

ership and disposition refers to the difference between legal ownership and 

the ultimate right of possession.  

Meanings  

People build links to the world that go beyond the immediate experience of a 

setting. These links are created over time through activities occurring within 

the space, ultimately giving places meanings. Carr et al. borrow a description 

of a meaningful place from Kevin Lynch‘s book A Theory of Good City 

Form (1981): ‘A good place is one which, in some way appropriate to the 

person and her culture, makes her aware of her community, her past, the web 

of life, and the universe of time and space in which these are contained.‘ 

Certain criteria have to be satisfied in order for a space to become meaning-

ful: it has to be legible, i.e., it has to have special cues that differ it from other 

places, it has to provide relevance, i.e., it has to provide for people‘s needs on 

the individual level and it has to comply with the cultural norms and practices 

on a cultural level, and it has to create connections itself and its users.  

Connections exist on several levels: they can be individual, group, connec-

tions to the larger society, biological and psychological, and connections to 

other worlds. Individual connections help us in creating a sense of ourselves 
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and represent links in our lives between different stages in life. Group con-

nections are created through social interactions with other people, where the 

―others‖ may be closely associated groups or communities. Connections to 

the larger society represent connections on a large scale, connecting a cul-

ture, community, or nation. Biological and psychological connections sug-

gest that people are drawn to places that ―stimulate associations with human 

spatial archetypes‖, e.g., ―Lincoln father figure sitting in the womblike cave 

of his monument‖. Connections to other worlds include fantasy places like 

Disneyworld or places that suggest ‘cosmic and universal connections‗, like 

Stonehenge.  

CHALLENGES FOR SOCIAL INTERACTIONS  

Carr et al. make a strong connection between public space and community: 

‘the common ground where people carry out the functional and ritual activi-

ties that bind a community… it is the stage where the drama of communal 

life unfolds‗. Similarly, Holland et al. [6] conclude that ‘public spaces allow 

people to meet on ostensibly neutral ground in planned and unplanned ways, 

to interact with others within the context of the whole community.‘ Drawing 

from those two works, we will summarize the problems facing different 

communities in-and-across public spaces as well as those between places 

and people.  

Different communities occupying the same space 

The concept of time-sharing a space most prominently emerges between 

different age groups, e.g., the elderly and teenagers. Holland et al. argue for 

the ―provision of difference‖ in public places and conclude that ‘being able to 

be seen in public – and to be able to see different types of social groups – 

may go some way to enabling everyone, and children and young people in 

particular, to observe difference, and thereby perhaps, promote tolerance for 

social diversity.‘ [6]  

Distributed communities  

‘People like to remain connected with the public life of their villages, towns 

and cities.‘ [6] According to Carr et al., places are a core driver for enabling 

people to connect with larger communities. While virtual communities (e.g., 

online social networks) provide one way to connect distributed communities, 

their ―hiding-behind-a-screen‖ access model runs the risk of isolating users 

from their immediate surroundings. Places can also improve connections 

between neglected communities, e.g., people with disabilities.  

Place-to-people communication  

Places sometimes ―send the wrong message‖ to its visitors, in particular relat-

ing to the perceived safety of a place. Places can get reputations that they do 
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not deserve. A place can look dangerous to strangers when instead it is safe. 

Also when we approach a place for the first time we do not know anything 

about it: who is occupying the place, what activities are going on, what can 

be done in it etc.  

PUBLIC DISPLAYS AS COMMUNICATION MEDIA  

In our vision, public displays can be more than just simple advertising ma-

chines. By becoming a novel communication media, public displays can act 

as ‖community glue‖ that helps bringing hitherto socially separated commun-

ities closer together – may it be due to their spatial separation, temporal sepa-

ration, or even social separation. They also have the potential to tell us more 

about the place itself. We will illustrate their potential through four short 

scenarios.  

“Surprising hobbies…”  

Maria is a 76 years old retired librarian. When her first grand kid, Barbara, 

was born 10 years ago, Maria often took care of her during the day, sitting in 

the park with her and feeding birds. Even though Barbara has since moved 

away with her parents, Maria still enjoys going back to the park and feed 

birds now and then, since it reminds her of the time she spent with Barbara. 

When she comes to her favorite spot a little later than usual today though, she 

notices a number of teenagers sitting in the grass nearby, dressed all in black. 

Maria sits down uncomfortably, watching the kids out of the corner of her 

eye as she is quite intimidated by their looks. While occasionally glancing at 

a nearby public display, however, she begins to notice some follow-me 

community-ads that apparently belong to those black-clad kids. Can it really 

be that they are advertising their classical music concert? Indeed, it seems 

that most of those teenagers are actually in a youth orchestra, as Maria notic-

es, which will give an open-air concert in the park later this week featuring 

Bach compositions. ‗Well,‘ Maria decides, ‗if they like classical music then 

they can‘t be that threatening after all!‘ She makes a small mental note to call 

her daughter later and invite her over for the concert – this might be a good 

opportunity to see Barbara again!  

“In the nick of time!”  

―Where is he?‖ Jane thinks while she is waiting for Mike, her violin partner 

for tonight‘s concert. Jane is a senior and plays piano at Roosevelt High. She 

and Mike are supposed to perform for her end-of-the-year recital. ‘The con-

cert is starting in 10 minutes. Did I send him the right address?‘ she wonders. 

The problem with her recital started yesterday when her standard violin part-

ner, Stan, caught the flu. They had practiced Strauss‘s Sonata for Violin and 

Piano in Eflat Major together during the last few weeks. When she got Stan‘s 

message she immediately posted a message looking for someone to replace 
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him to the new ―EduNote‖ system, which connects public displays in high 

schools throughout the city. Mike was the first one to respond to her post – 

her message caught him as he was on his way to violin practice and he got 

interested in meeting someone from Roosevelt High who shared his interest 

in Strauss. ‘In the nick of time!‘ she thinks as she sees Mike carrying his 

violin. ‘If he plays well as he looks maybe I‘ll get an A.‘  

“Something else for a change…”  

Visiting a new city can be hard, especially if you have only one day to ex-

plore it. Jane knows that. She has been traveling on business for more than 

ten years and visited literally hundreds of cities. To prevent her from burning 

out on the road, Jane usually tries to explore a bit of the city she is in, even if 

it is only for a short evening. Back in the early days, she did not like it that 

much: wandering the streets alone… ‘God knows what might happen‗, she 

often thought. But today‘s ubiquitous public displays usually help her ―read-

ing‖ a place much better than before. Many public spaces have systems that 

visualize the activities that happen in them over the course of the day, giving 

Jane a chance to quickly assess her own personal comfort levels. And if an 

area has a particularly interesting mix of activities, Jane usually ends up in a 

cute bar or restaurant, meeting interesting people during the course of an 

evening. As her meeting went well, Jane feels like experimenting: She notic-

es a bar where nearby displays show that it is popular with people her daugh-

ter‘s age. ‗Why not something else for a change?‘ she thinks. When she en-

ters, she is pleasantly surprised, as it is all decked out in a 60s design: ‗Wow, 

it seems my teenage days are finally trendy again!‗  

“How cool is your skate park?”  

Eric is a teenager on vacation with his family. How dull is that, he thinks. He 

would rather be at SK8, his favorite skating park back home, hanging out 

with his friends and kickin‘ some cool flips with ―Mercedes‖. ―Mercedes‖ is 

the name of his skateboard and he never leaves home without it. When he 

exits the hotel he sees something that looks like a skate park nearby. When 

closer inspection shows that it is one, Eric is first thrilled, then anxious: 

‗What if all the people inside are, like, amateurs?‘ He is pretty good with 

Mercedes and he only wants to hang out with skaters that are as skilled as or 

even better than him. Luckily he sees that there is a public display at the park 

showing some of the recent tricks performed at the park. ―Skull‖ just did an 

―Air walk grab‖ this afternoon, and ―Death at the disco‖ is usually doing 

―Kickflips‖ around this time. Scanning the display, Eric finds a number of 

skaters in the park that do really cool tricks, and he decides to give it a try.  
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CONCLUSIONS  

Public places play important role in a community life: they provide a place 

for social encounters, entertainment, and relaxation. Often enough, however, 

different social groups occupying the same space might not ―play well‖ to-

gether. At the same time, physically separated communities might miss out 

on important social encounters. Public displays have the potential to bring 

communities within and across public places closer together, to communicate 

the notion of the place, and even to connect visitors to a local community. 

Based on a literature review in the social sciences, we created four scenarios 

that illustrate the potential of public displays for improving social coherence. 

We are currently in the process of designing a testbed in order to trial some 

of these applications in realistic settings.  
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ABSTRACT 

In this paper we present our preliminary ideas and findings in designing and 

evaluating mediated communication means which support existing social 

relations between people separated by distance and/or time. Our goal is to 

facilitate social experiences by understanding, designing and evaluating me-

diated communication means correctly. We believe that social experiences 

play a major role in and enhance social interaction and social relationships in 

general. This paper addresses the difficulties we encountered, the solutions 

we propose for dealing with these difficulties and the first insights obtained. 

Future work focuses on further exploring the obtained insights in concepts 

such as social relationships, social interaction and –experiences and their 

relation to social space and embodied interaction. 
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INTRODUCTION 

From the beginning of 2008 we have been developing different concepts and 

means for mediated communication within the Together Anywhere, Together 

Anytime (TA2) project [6]. TA2 is part of the European 7th Framework Pro-

gram. One of the goals of TA2 is to support existing social relationships and 

enhance social experiences for groups of people separated by distance and/or 

time (e.g. families, friends, etc). 

Our perception of mediated communication has changed in the last decades 

due to the transition of mediated communication means from the work envi-

ronment (e.g. the mid-1980s Xerox PARC studies) [1, 2] towards the public 

and private domain (e.g. public space, home and mobile environment) [2, 3]. 

The transition to these additional domains gave rise to new mediated com-

munication means, as expressed in the social media now widely used in work 

environments as well as the private domain (e.g. User Generated Content 

(UGC) services such as Flickr and YouTube, micro blogging and messaging 

services such as Twitter, Yammer, Skype, Google chat, and social network-

ing sites such as Facebook, MySpace and LinkedIn). Many of these services 

have become part of our daily life and affect our personal relationships, 

communications, the (in)formal institutions of which we are a part, such as 

the social groups to which we belong, and society at large. The opinions 

about the affects of social media on ourselves and (in)formal institutions are 

diverse, ranging from negative to positive [4, 5]. However, there is general 

agreement that they can be substantial. Means for mediated communication 

are therefore an interesting area of research. 

A large body of knowledge in mediated communication exists, for example 

media space research, Computer Supported Cooperative Work, virtual com-

munity and reality research, (social) presence and awareness research, etc. 

Still, in our view this does not seem to sufficiently address the impact of new 

mediated communication means on our lives. 

This paper addresses our experience of defining the most important concepts 

for TA2. These concepts are social relationships, social interaction/ commu-
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nication and -experiences. Furthermore we explain which relations we fore-

see between these concepts and designed mediated interaction means. 

DEFINING THE CONCEPTS RELEVANT TO TA2 AND EXPLORING THEIR 
RELATION TO DESIGN 

To define and conceptualize the main TA2 concepts (social relationship, 

social interaction/ communication and –experiences) and their relation to the 

design of mediated communication means we have used different research 

approaches, including: literature studies (social sciences and HCI related), 

proxy analysis (analyze the adoption and use of applications that are in line 

with the communication means design within TA2), and design research [7, 

8, 9]. 

The problem we encountered with these different approaches is that the more 

theoretical and abstract the notions and results from a specific approach (e.g. 

literature and theory on for example social relationships), the more difficult it 

is to translate them into design. On the other hand, the more focused and 

practical the approach (e.g. design research), the more difficult it becomes to 

evaluate and generalize the various effects of design in terms of the higher 

level concepts such as social relationships, interaction, communication and 

experiences. 

For framing our understandings of these important concepts and their relation 

to design we recently performed a Concept Analysis study. 

Concept analysis study 

Concept Analysis is a knowledge management method to create a shared 

vision and understanding on (people‘s) knowledge and thoughts. In a Con-

cept Analysis the key issues at play are visualized as conceptual information 

in a concept map [10, 11]. During Concept Analysis each participant is asked 

to identify key attributes, examples and non-examples of the concept to be 

defined and explored. These key attributes in turn can lead to the introduction 

of new (sub-) concepts, and so on. Eventually a shared understanding of the 

relevant body of knowledge is created as well as a clearer conceptualization 

of it.  

People participating in our Concept Analysis study were the TA2 work pack-

age leaders, key technical developers, concept developers and the people 

working on User Centered Design (UCD) and user evaluations (20 partici-

pants). The main concepts formulated to start the Concept Analysis with 

were the three concepts central to the TA2 project: Social relationship, which 

TA2 wants to support by providing mediated communication means; Social 

interaction/communication, the concept central to maintaining social rela-

tionships. At the same time this is the concept TA2 can affect by providing 
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mediated means; and; Social experience, the quality of the   resulting social 

experiences is what TA2 wants to affect by providing mediated communica-

tion means. These concepts are defined by combining insights from social 

theory as well as TA2 practice. 

The results of this exercise are currently structured and further analyzed in 

CMap, a Concept Analysis software tool [12]. It is beyond the scope of this 

paper to   discuss the current concept map in detail, since the work is still in 

progress and the details are too numerous to address here. Instead we will 

provide preliminary definitions for the main concepts from the TA2 perspec-

tive and explain our thoughts on how these concepts relate to the design of 

mediated communication means and their resulting experiences. 

Concept 1: Social relationship 
As a result of the Concept Analysis social relationship is defined as a mu-

tually acknowledged connection between two people that has emerged and 

can change over time. A social relationship emerges from a shared history, 

consisting of past social interactions and the experience thereof. Furthermore, 

both persons involved in the social relationship anticipate a shared future in 

which the mutually acknowledged connection will continue to exist. Some 

identified additional concepts directly or indirectly related to social relation-

ships are: one‘s social identity and role, one‘s cultural identity, norms and 

values brought into and applicable within the social relationship, the interac-

tion rituals belonging to a relationship and their resulting experience of social 

cohesion. 

Concept 2: Social interaction/ communication 
Social interaction or communication is an activity between at least two per-

sons in which the persons involved mutually acknowledge each others en-

gagement in the activity by exchanging symbols (e.g. verbal messages, ges-

tures, etc). The activity itself is structured and regulated according to rules 

(e.g. norms and values) in the context of which the other person‘s messages 

are interpreted, evaluated and considered, before a reaction is formulated and 

expressed [13, 14, 15]. 

Additional related concepts identified and directly or indirectly related to 

social interaction/ communication include the personal or shared objectives 

relevant to social interaction/ communication (e.g. instrumental, rational, 

emotional, affection, dramaturgical, etc), the shared history, previous expe-

riences, personal or shared interests, current location and time, and presence 

and awareness means provided to stimulate mutual acknowledgement in the 

shared activity of interaction. Social interaction can build on existing social 
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relationships but does not necessarily do so. Furthermore, social interaction 

can lead to social experiences. 

Concept 3: Social experience 
An experience is a feeling or emotion felt by an individual, that emerges in or 

is triggered by encountering an external event (a specific context, situation, 

place, object, person, etc), or internal event (e.g. thought, memory, etc), at a 

specific moment in time. A social experience is an experience that has a 

relation to another person(s). (Social) experiences cannot be planned: they 

emerge in time, within a specific context and occur within the experiencing 

person. To let (social) experiences emerge one has to provide the right trig-

gers at the right moment within the right context. Furthermore, (social) expe-

riences are bound to be momentary. They do not persist over long periods of 

time, though they may fluctuate in time, or become absent and present again. 

Relations between the 3 concepts and design 

Within TA2 different design and technical concepts are developed that can be 

viewed as building blocks for mediated communication means. These are 

high quality spatial audio, video orchestration and the design of various 

games and other means of interaction. Spatial audio enables listeners to lo-

calize where sounds are coming from. It provides different means for mani-

pulating sound such as volume, pitch, direction, and sound transformations 

and effects. Video orchestration enables the representation of visual input 

from multiple sources and angles and presents this in a preferred way (e.g. 

zoomed in on specific elements of a social situation such as a specific person, 

group or object through split screens, etc. In addition it allows for presenting 

additional visual information in overlays. Some examples of the latter are 

user annotations and special effects.  

When including these technical developments in the concept map we identi-

fied two main categories of building blocks that are of great interest in de-

signing mediated communication means that deliver social experiences and 

support social interaction and social relationships. The first is a concept we 

named Social space and the second is a concept we called Embodied interac-

tions (also described in [2]). 

Social space 

Social space can be viewed as the stage on which the mediated interaction 

takes place; it offers the affordances necessary for interaction. It is the social 

environment in which one interacts with others and it is represented as acous-

tic, visual and metaphorical information [2]. Representations of space can 

range from quite natural and rich (e.g. viewing the room at the other end in 

audio/video communication) to completely artificial and/or media poor (e.g. 
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walking around and communicating through text in the Second Life envi-

ronment or just chatting via Google chat in which you can only observe if 

someone is typing or not).  

Within the social space, visual, acoustic and metaphorical information can be 

used to provide information about: the social relationships’ context (past, 

current and anticipated future); people involved in mediated communication 

and their verbal and non-verbal behavior, current activity, attention and/or 

focus; and objects or symbols used in the interpersonal interaction such as a 

document, game board and pieces, etc. Building blocks such as spatial audio 

and video orchestration are design concepts that fall within this larger con-

cept of Social space. 

Embodied Interaction 
The second concept that emerged from the concept map structure is Embo-

died Interaction. Embodied Interaction addresses the meaning of the social 

interaction and the possible narratives designed in the interaction to explore 

and support this meaning. We earlier mentioned different games are devel-

oped within TA2. Games can provide competitive, cooperative narratives or 

a mixture of these and thereby affect social dynamics, experiences and mean-

ing such as the feeling of ―us against them‖ which in turn can affect social 

cohesion. Within the concept map, other forms of meaning found in social 

science literature are currently defined. These include, dramaturgical interac-

tion, affective and emotional interaction and rational and instrumental inte-

raction. At the moment we are exploring how these forms of meaning and 

their resulting experiences can be supported through different narratives such 

as cooperative and competitive game play, sharing memories of lived expe-

riences such as photo‘s and movies, etc. 

CONCLUSIONS 

In the above we summarized our efforts to create a framed understanding of 

how higher level concepts from social science such as social relationship, 

social interaction/communication and social experiences relate to design and 

TA2‘s technical concepts. The resulting conceptual model is given in figure 1 

and states how social relationships are supported through social interaction. 

Social interaction in turn results in social experiences which affect the social 

relationship as well as the social interaction itself. The mediated social inte-

raction is within TA2 designed by creating a social space and embodied inte-

raction. 
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Figure 1: Conceptual framework 

FUTURE RESEARCH 

Parallel to the ongoing Concept Analysis work we have formulated first ideas 

about how to further explore the subconcepts social space and embodied 

interaction. The focus of these ideas is on how social space and embodied 

interaction affect social experiences and how these in turn affect the social 

interaction and social relationships.  

Social relationships and social experiences 

In real life we are surrounded with elements that remind us of the social rela-

tionships we have, pointing to a shared history, passed shared experiences 

and moments of interaction. Some examples of these reminders are: pictures 

of loved ones, letters stored in shoe boxes, text messages and e-mails carried 

on mobile phones, calendars, contact lists, etc. Many of these reminders also 

imply a shared future with others (e.g. birthdays on a calendar). They are 

important to anticipate, plan, organize and participate in social rituals such as 

birthdays, visits, dinners, and other shared activities. Furthermore they have 

an important function in the social cohesion experienced within social rela-

tionships. Many of these reminders can be considered as visual, acoustic and 

metaphorical objects that are part of our social space. Within TA2 we are 

currently exploring possibilities of presenting such important objects in social 

space and providing an embodied interaction to support and enhance the 

experience of social relationships maintained with people over distance 

and/or time. The main goals is to observe how these reminders help in antic-

ipating, planning, organizing and participating in social interaction rituals; 

and how this in turn affects social experiences relevant for maintaining and 

cherishing social relationships. 

Social interaction and social experiences 

In social interaction social space mainly has the function of supporting a 

shared understanding of the progress of the exchange of symbols during 

interaction. Embodied interaction mainly supports the contributions partici-
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pants can make and observe during interaction. Within TA2 all three infor-

mation channels: acoustic, visual and metaphorical information are addressed 

by technologies such as high quality spatial audio and video orchestration. 

Embodied interaction is supported by providing different narratives to en-

hance specific experiences (e.g. through games, sharing memories and lived 

experiences, different possibilities to express oneself within the social inte-

raction or within a social relationship, etc). Some of the research questions 

we plan to address in the coming studies on spatial audio and video orches-

tration concern the effects of spatial audio and sound manipulation on the 

experience of the ongoing social interaction. For example can we provide 

context information about one real-life social space in the mediated social 

space so the social dynamics on that side are better understood? Can we steer 

attention, focus and gaze through sound so that the resulting experiences as 

well as the social interaction are enhanced? Can we support auditory focusing 

when multiple conversations are taking place at the same time, a common 

phenomenon in social settings? Research questions related to video orches-

tration for upcoming studies focus on which visual objects/symbols within 

social space are necessary to represent to enhance a common understanding 

of the ongoing social interaction. For example: How should groups, individu-

als and objects be visually represented to best support the experience and the 

perception of the ongoing social interaction? 

Related to the embodied interaction TA2 is currently developing different 

narratives to influence experiences such as fun and enjoyment, self expres-

sion, image management and the sharing of memories/ lived experiences, 

which are important to the social interaction and social relationship in gener-

al. The influence of embodied interaction as designed within TA2 will be 

evaluated after the first experiments with spatial audio and video orchestra-

tion have taken place. 
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ABSTRACT 

Users of mobile social networks continuously generate different kinds of 

content that are stored in Cloud services. It may vary from low-level data 

acquired from the mobile device‘s sensors, like GPS coordinates or accele-

rometer data, to text messages, photos or videos by which users exchange 

news, express their thoughts, share presence information or convey their 

current mood or feelings. Their main objective is to share current information 

or status instantaneously with all their contacts in the social networks. But 

isn‘t this large amount of continuously generated data and content a valuable 

source of global information? In this paper we propose an analytical ap-

proach to identify patterns of the content generated by many users so as to 

identify and classify real-world collective situations. The approach is com-

posed by four steps: identification of temporal, spatial, and social correla-

tions, and a final correlation step, that is dependent on the particular type of 

content. Inspired by social networks like Twitter, where it is possible to post 

tweets and associate them to geographic coordinates, we designed the last 

correlation step as a semantic analysis of these contents, looking for pre-

defined situations that are happening at a certain location, in a specific period 

of time. 

Keywords 

Collective Situations, Mobile Social Computing, Cloud Computing. 
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INTRODUCTION 

As happened with most WEB 2.0 services [1], social networks also spread to 

the mobile world. Due to the proliferation of wireless networks and the evo-

lution of mobile phones to high-end devices with specialized capabilities – 

such as GPS, accelerometer sensors and video cameras –, the use of social 

services by mobile users has become a regular activity. This is confirmed by 

several reports, such as [2], which indicate that about 50 million people al-

ready use the mobile phone for social networking. Another report [3] says 

that by 2013 there will be approximately 140 million mobile users of Social 

Networks. An even more optimistic report states that the number of users of 

mobile social networks will surpass 800 million by 2012 [4].  

As users started to use social networking services anytime and anywhere 

from their mobile phones, it was possible to notice two phenomena: mobile 

users are much more active in their social communities than non-mobile 

users, they generate input data for the social networks on a much more fre-

quent, or even continuous, basis. These data may vary from raw data ac-

quired from the mobile device‘s sensors, like GPS coordinates or accelero-

meter data, to text messages, photos, or videos by which users exchange 

news, disseminate ideas and opinions, share presence status, their current 

mood or feelings. 

Observing the rapidly growing number of mobile social users, and the huge 

amount of data and content generated by them every day, we initiated our 

research based on the following question: isn‘t this large amount of conti-

nuously generated content/data a valuable source of global information? We 

believe it is, and that it is possible to identify patterns in these data and con-

tent in order to detect and classify real-world collective situations that are 

actually happening in a city or large urban area. 

For that sake, we propose an analytical approach for detecting such situations 

that is composed of four correlation steps: identification of temporal, spatial, 

and social correlation, and a final correlation step, that is dependent on the 

particular type of content/data. As our first case study, we were inspired by 

the social network Twitter, where it is possible to post status updates asso-

ciated with geographic coordinates (geo-referenced tweets). In this case, our 

final correlation step consists in a semantic analysis of these tweets, where 

we specifically look for predefined collective situations – for instance, sport 

or music events, as well as political-motivated gatherings/demonstrations – 

that happened or are happening at a certain location in a specific period of 

time. 
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The remainder of this paper is organized as follows. In the next section, we 

present the definitions that fundament our work. In Section 3, we describe the 

model of our analytical approach and how it will execute to identify patterns 

and detect situations. Section 4 presents some research in similar directions 

than ours. Finally, Section 5 discusses some open challenges and future steps 

of our research. 

DEFINITIONS 

The following two concepts are central to our analytical approach: the notion 

of content and what we consider as a collective situation. 

Content 

We will consider content to be any kind of data created by the mobile user, 

from which we can extract some information about his/her activity or envi-

ronment. For instance, from text messages we can extract semantic informa-

tion and from photos we can apply image recognition algorithms to extract 

descriptions of them. Thus, we also consider that each piece of content (text 

messages, photos, etc.) has the following mandatory properties: 

 Time: the instant of time when the content was created. This infor-

mation will be used to split the large amount of data and content in 

time windows where we expect to identify patterns. 

 Place: the geographic coordinates of the place where the content was 

created. With these coordinates we expect to identify regions where 

some collective situation happened or might be happening. 

 Social identification: the identification of the mobile social user who 

created this content. With this identification, we expect to access the 

mobile social network and correlate it with contents generated by 

other mobile social users – friends, people with similar inter-

ests,/profile, members of a social community, etc. 

Collective situations 

We consider collective situation to be any common event or state caused or 

witnessed by a certain number of co-located users that can be identified by 

analyzing the content generated by mobile social users. In this sense, any 

non-predictable, unplanned or spontaneous public event occurring some-

where in a city and whose occurrence might affect or interest other people – 

such as traffic jams, political demonstrations, public gatherings, celebrations 

of soccer team supporters, ad doc cultural performances, among others – is a 

collective situation.  

In order to identify these collective situations, we analyze, filter and classify 

the content generated by mobile social users who are participating or witness-
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ing the situation. For instance, when we detect status updates in the social 

network that are highly correlated in space, time and content (e.g. with ex-

pressions such as ―traffic jam‖, ―car accident‖, ―street closed for traffic‖, 

―fairly serious accident‖), then there is a high probability that the collective 

situation ―traffic jam‖ has occurred at the corresponding place. It is important 

to mention, though, that in most cases it is not possible to identify the precise 

location and time, specific details of the collective situation, or the people 

involved in it. But this is also not the goal of the identification/classification 

of collective situations. Instead, we just want to get general information of 

―where is what happening in the city‖, in real-time. This kind of information 

may be very useful not only for people individually (e.g. interest in joining or 

avoiding spontaneous gatherings/performances), but also for decision support 

by local authorities and public institutions/departments. 

ANALYTICAL APPROACH 

Our analytical approach is defined as a sequence of four steps: temporal, 

spatial and social correlation steps and a final one, dependent of the particular 

type of content. The idea is to analyze a large amount of content and, after 

the execution of all steps, to check if the content volume is sufficient to iden-

tify a pattern and detect a collective situation. It is important to notice that a 

given step of the analysis will only happen if the previous step has output a 

sufficiently large number of content items. Figure 1 shows the four steps 

defined in our proposed approach. 

 

Figure 1 - Analytical steps for searching correlated content 



1st Workshop on Social Interaction in Spatially Separated Environments                 45 

As we expect to deal with a significant large amount of content items, we are 

developing this analysis using the Map/Reduce programming model [5]. This 

programming model aims at processing and generating a large amount of 

data, and basically involves two phases: the mapping and the reduction. In 

the first phase, a master node splits the input data and distributes these parts 

to the mappers. Each mapper processes its chunk of data and returns the 

result to the master node. After receiving results from all mappers, the master 

node starts the reduction phase where these results are combined and sent to 

the reducers. Each reducer processes these combinations and returns a new 

result to the master node, which solves the original problem. 

Temporal 

The temporal correlation step splits the set of content items by its temporal 

property. It receives the contents to be analyzed, the start and end time and 

the duration of the time window. The map phase will split the content in 

these time windows and the reduction phase will count the number of con-

tents in each time window, as shown in the following algorithm. 

Map phase: 

for each content in Contents do 

  timeWindows = getTimeWindow(content.time) 

  output.collect(timeWindow, content) 

end 

 

Reduction phase (timeWindow): 

int sum = 0 

for each content in Contents do 

  sum++ 

end 

output.collect(timeWindow, sum) 

Only the contents belonging to the time windows which have a greater vo-

lume of content than the minimum required follow to the next step. 

Spatial 

The spatial correlation step splits the content by its location property. It rece-

ives the contents to be analyzed, the bounding box and the minimum bound-

ing box to analyze. Differently from the temporal correlation step, the spatial 

correlation step executes many rounds of the map-reduction phases in recur-

sion, i.e., at each round it splits the input bounding box into nine nested re-

gions, as shown in Figure 2, until it analyzes the minimum bounding box. 
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Figure 2 - The analysis of different regions in a bounding box 

For each region, it computes the corresponding volume of content. Only the 

content belonging to regions which have a content volume that is larger than 

a minimum volume will proceed to the next round. This recursive refinement 

is repeated until the volume of content belonging to the minimum bounding 

box is computed. The algorithm for a round is presented below. 

Map phase: 

for each content in Contents do 

  boundingBoxes = getBoundingBox-

es(content.Location) 

  for each boundingBox in boundingBoxes 

    output.collect(boundingBox, content) 

  end 

end 
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Reduction phase (boundingBox): 

int sum = 0 

for each content in Contents do 

  sum++ 

end 

output.collect(boundingBox, sum) 

Only the contents belonging to bounding box with a (pre-defined) minimum 

size, and which have a larger volume of content than the minimum required 

proceed to the next step. 

Social 

The social correlation step is an optional step that analyzes the contents‘ 

social properties. It receives the contents to be analyzed, the list of mobile 

social users and the list of social interests. With the first list, the algorithm 

verifies if the mobile social users who generate the contents are related to 

each member of the list. With the list of social interests, the algorithm veri-

fies if social interests from contents‘ creators belong to this list. The algo-

rithm is shown below.  

Map phase (mobSocialUsers, interests): 

for each content in Contents do 

  //Users 

  for each user in mobSocialUsers do 

    if user.isRelatedTo(content.User) 

      output.collect(user, content) 

  end 

  //Interests 

  for each interest in interests do 

    if mobSocialUser.isInterestedIn(interest) 

      output.collect(interest, content) 

  end 

end 
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Reduction phase (mobSocialUser): 

int sum = 0 

for each content in Contents do 

  sum++ 

end 

output.collect(mobSocialUser, sum) 

 

Reduction phase (interest): 

int sum = 0 

for each content in Contents do 

  sum++ 

end 

output.collect(interest, sum) 

Only the contents associated with mobile social users/interests which have a 

greater volume of content than the minimum required follow to the next step.  

Content-type dependent (Semantic) 

The final correlation step is dependent on the content type, and here the pat-

tern identification is performed. In our first case study we used text messages 

as contents, and so, we defined this step as a semantic correlation step. It 

receives the contents to be analyzed and the types of situations to be detected, 

as showed in the following algorithm. 

Map phase (situations): 

for each content in Contents do 

  //Situations 

  for each situation in situations do 

    if isSemanticRelated(situation,content.Message) 

      output.collect(situation, content) 

  end 

end 
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Reduction phase (situation): 

int sum = 0 

for each content in Contents do 

  sum++ 

end 

output.collect(situation, sum) 

Only the contents belonging to situations which have a greater volume of 

content than the minimum required are considered for pattern identification. 

RELATED WORK 

Several researchers have highlighted the large-scale social, economic and 

political implications of small-scale interactions between mobile users. One 

example is the chains of text messages exchanged by Filipino citizens, caus-

ing the resign of President Estrada in 2001. Katz and Aakhus observed that 

the mobile phone can work as a tool to spur and coordinate the action of 

masses for political change [6]. Rheingold coined the term ―smartmob‖ to 

refer to mobile-mediated large-scale mobilizations of people with a common 

goal [7]. These works demonstrate the use of mobile devices in collective 

situations.  

While our ongoing work attempts to identify these collective situations au-

tomatically, while they are happening, some works focus on reasoning about 

social data in order to identify events that already happened. Zhao et al at-

tempts to detect events in social stream data, e.g. blogs, forums, and emails 

[8]. They showed that social text stream data contains rich semantics that can 

be exploited to produce better results than existing state-of-the-art event 

detection approaches. Sayyadi et al proposed a new algorithm for event de-

tection using the co-occurrence of keywords on historical social data [9]. 

Nevertheless, neither are the above mentioned mechanisms capable of in-

stantly detecting multiparticipation spontaneous events, nor do they consider 

associating them with geographical locations. Moreover, our proposed ana-

lytical approach is even more generic as we consider events as a just one 

pattern to be identified. 

In [10] a research about the application of stream reasoning was realized. 

While the authors suggest that this is a multi-disciplinary and complicated 

field of research, they consider that applying it to mobile social networking 

will have high-impact in the area. 

FUTURE WORK AND CONCLUSIONS 

In this paper we presented our ongoing research of an analytical approach to 

identify patterns and detect real-world collective situations. We intend to 
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develop a cloud service responsible for executing the analytical approach, 

allowing web users to define initial parameters – like period of the time win-

dow, the minimum bounding box, and situations to detect. For performing 

the data analysis in each step, we intend to use the Apache Hadoop, a Java 

framework for the storage and process of large amount of data in clusters, 

implementing the Map/Reduce programming model [11]. 

After the implementation of the cloud service, we will validate it by perform-

ing the analysis of content generated by a simulator. The service must be 

capable of identifying patterns characterizing situations simulated according 

with specific properties (time, place, social ids). As this is a controlled envi-

ronment, we will be able to verify the accuracy of our analytical approach. 

Afterwards, we expect to analyze real content extracted from social networks 

– e.g. Twitter, Facebook, Foursquare – to identify real-world collective situa-

tions. 

To determine which is the best order to execute the correlation steps, during 

the evaluation of our analytical approach, we intend to make experiments 

changing the order in which the steps are performed. We also intend to verify 

how changes in parameters – such as time window‘s duration or bounding 

box‘s minimum size – influence the output situations.  

After realizing those experiments, we expect to have a satisfactory level of 

accuracy in the identification of patterns and detection of real-world collec-

tive situations. Then, we intend to make the cloud service available for regu-

lar users and to provide a subscription mode for users who want to be noti-

fied if a specific collective situation is detected. 
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ABSTRACT 

Visual forms of Computer Mediated Communication such as e-mail and 

SMS have allowed people to stay in touch across distances. However, these 

forms of communication are not appropriate for all scenarios. As users go 

mobile, they increasingly find themselves in situations where these visual and 

auditory forms of messaging are inappropriate. In this position paper, we 

propose using tactile-based methods for communication. The tactile channel 

has the benefit of being subtle, private and useful for conveying information 

in an eyes-free manner. With tactile messaging in mind, we further focus on 

the design of easily learnable tactile cues based on human experience. We 

discuss a few proof-of-concept designs we have worked on in the past, and 

then discuss our ongoing work in this area. 

Author Keywords force feedback, haptics, vibrotactile, user interfaces, in-

terpersonal communication 

ACM Classification Keywords H5.2 [Information interfaces and presenta-

tion]: User Interfaces, Haptic I/O; B4.2 Input Output devices 

General Terms Human Factors 

INTRODUCTION 

Mobile devices have provided new ways for people to stay in touch. Phone 

calls allow people to communicate synchronously, conveying important or 

timely information. When a phone call may be inconvenient, e-mail and SMS 

offer alternatives, enabling lightweight communication [8].  

Despite the power of these new forms of computer mediated communication, 

they suffer from two main drawbacks. First, they require the user‘s visual 

attention, which is not always appropriate, such as when driving or in the 

middle of a meeting. Secondly, as a communication medium, they do not 

have the richness that physical face-to-face communication has. Although 

they can be effective in conveying semantic information (i.e. where/when to 

meet up for lunch), they are relatively poor communication channels for 
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conveying intent and emotion [5]. Orthographic conventions and emoticons 

can be used to approximate this type of information to some extent, but clear-

ly do not attain the same level of richness as face-to-face communication. 

One potential alternative to traditional visual-based communication is to use 

auditory messages. Currently, a number of mobile phones use text-to-speech 

to convert text messages to auditory messages. Other services allow users to 

record and send each other auditory messages. Since these auditory messages 

are simply messages read aloud, they are easy to understand. However, this 

auditory approach to messaging still has a number of drawbacks. First, a 

user‘s visual attention is required to manipulate the device, which can be 

unsafe when driving or socially unacceptable when in a meeting. Further-

more, audio cannot always be heard because of environmental factors such as 

a busy road, or at a loud concert.  

Tactile messages offer a promising alternative to visual and auditory forms of 

communication. They can be an appropriate cueing mechanism when the 

user‘s attention is focused on something else. Additionally, psychology has 

suggested our sense of touch is better than sight and sound for conveying 

certain types of information geared towards intent and emotion [8]. 

Traditional research in touch has focused on the sensing limitations of human 

skin [1]. Research in tactile feedback typically takes an information theoretic 

approach towards increasing the bandwidth of the tactile communication 

channel [4,15]. Focusing on bandwidth is important for demonstrating that 

touch can act as a high bandwidth channel for information transfer, but does 

not consider the past experiences of the user. This approach can result in 

complex tactile patterns that are difficult to learn because they lack mnemon-

ic properties [6]. What if the pre-learned quality of auditory feedback could 

somehow be translated into the tactile channel? 

CHALLENGES FACING TACTILE MESSAGING 

Although tactile messaging offers a promising alternative to visual and audi-

tory cues, a number of challenges face the implementation of a tactile mes-

saging system. 

What is the appropriate mechanical stimulator? 

One of the biggest hurdles facing the adoption of tactile messaging systems is 

the lack of a high fidelity actuator for delivering cues on mobile devices. The 

most common form of mechanical stimulation on mobile devices is vibrotac-

tile. 

These vibrations are typically generated by attaching an offset weight to a 

rotational DC motor. As the motor spins, the offset weight creates an uneven 
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force, creating a vibration. Most vibrotactile actuators are built such that they 

have a resonant frequency of 250Hz, since this is the frequency that Pacinian 

corpuscles in the skin are most sensitive to [1]. 

One of the limitations of these types of actuators is that, because the actuator 

is rotational, there is no way to generate stimulation other than vibration. A 

related issue here is that the structure of these motors is built for a 250Hz 

resonant frequency. This makes it difficult for vibrotaktile cue designers to 

use the full range of frequencies (special purpose actuators such as the C2 

Tactor [1] are available, though uncommon). We address a workaround for 

this particular limitation below, in a project that examined mapping music to 

vibrotactile cues for buddy proximity cues. A number of other higher fidelity 

approaches do exist using piezo electric tabs [13] or systems of pulleys [14], 

but these have not reached wide adoption on mobile devices. 

The other fundamental problem with using vibrotaktile actuators for commu-

nication is a more social one. People do not go around vibrating each other in 

interpersonal communication. The result is that our devices use an abstract 

way of communicating with us that does not correlate to any familiar human 

behavior. We address this issue with a more human form of communication 

in a project that examines how a device could generate more familiar tactile 

sensations such as tapping and rubbing. 

Leverage past user experience 

We posit the best way to do this is to create tactile feedback based on stimuli 

users already have semantic associations with. In recent research, we have 

examined how music, human touch and speech can be mapped to the tactile 

channel and how this mapping can be done in a way that exploits human 

experience to generate pre-learned tactile feedback. 

EXAMPLES OF GENERATING PRE-LEARNED CUES 

Two projects we have worked on in the past take this approach of leveraging 

human experience, looking at how to map music to vibrotactile cues and how 

to generate tactile sensations that mirror human touch. A more current project 

we are working on examines how to generate a vibrotactile encoding of 

speech. 

PeopleTones: Mapping music to touch 

Music is an integral part of enriching people‘s lives. As a result, semantic 

associations to music are often made without any effort on the part of the 

user. Because music can be closely tied to past experiences, assigning a ring-

tone to a friend seems like a natural extension. However, an audible ringtone 

can be obtrusive in a number of social environments such as meetings. A 

vibrotactile encoding of music could overcome this limitation. Vibrotactile 
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feedback has often been proposed as a private, subtle cue [5], but until now, 

no techniques existed for mapping music to vibrotactile sequences. 

To explore the question of how audible cues could be mapped to a vibrotac-

tile sequence, we built an application called PeopleTones [12]. PeopleTones 
is a Windows Mobile application that keeps users informed of when their 

friends are nearby. When a friend becomes nearby (< 0.2miles) the associated 

music cue for that friend is played. If the phone is in silent mode, the corres-

ponding vibrotactile cue is played. In order to evaluate PeopleTones in the 

wild, a number of system level components needed to be built such as prox-

imity detection, sensor noise filtering and vibrotactile encoding of music 

cues.  

To detect buddy proximity, we implemented a privacy-friendly GSM cell 

tower ratio comparison. Simulations using a dataset collected by Intel Re-

search Seattle found that our algorithm performs well in a variety of areas 

with different cell tower density. 

Mapping music to vibrotactile sequences also turned out to be a non-trivial 

process. The usage of commodity mobile phones placed constraints on what 

we could do with our vibrotactile encoding technique. First of all, the vibro-

tactile actuators on commodity mobile phones only turn on and off; the soft-

ware API provides no mechanism for adjusting intensity. To create different 

levels of intensity, we used a software technique similar to pulse width mod-

ulation. Like modern day light dimmers, quickly turning the motor on and off 

can yield different intensities. By varying how long the motor is pulsed on 

for, 10 user differentiable levels of vibration can be generated for a minimum 

duration of 20ms. Our approach attempts to capture the energy level of the 

music. This involves three main steps. First, we remove noise and voice us-

ing a series of filters. Next, we take a running sum of the absolute value, 

generating 1 value every 20ms. This keeps the length of the music cue and 

vibrotactile sequence consistent. Finally, we compose the resulting output 

with a power function to exaggerate the features. The result is a sequence of 

vibration intensity values ranging from 0–10, with each value representing a 

vibrotactile pulse of 20ms. 

Because we wanted to know how users might use such nice-to-know infor-

mation, we conducted an in-the-wild study where three groups of friends 

were given mobile phones running PeopleTones for 2 weeks. We found that 

when users selected the cues that they would hear (as opposed to other people 

selecting cues), cue identification rate was highest, both overall and from 

vibration only. Additionally, almost all of this group‘s participants were also 

able to correctly map vibrotactile cue to song with no training. Some partici-
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pants reported mapping vibrotaktile cue directly to their buddy first, and then 

to the sound, even though that was not the task they were given. This sug-

gests that the semantic association of buddy to music clip carriesover when 

the music clip is mapped to a vibrotaktile pattern. 

These results were promising because they demonstrated that tactile feedback 

with pre-learned associations could be generated. However, the expressive 

constraints of the vibrotactile channel motivated me to seek alternative forms 

of touch for supporting computer-mediated communication. 

HUMAN-HUMAN INTERACTION: TAPPING AND RUBBING 

The most common form of tactile feedback we receive on our mobile devices 

is vibrotactile. Unfortunately, this is disconnected from our experiences since 

people do not go around vibrating each other. Tapping and rubbing, on the 

other hand, are commonly used in human-to-human communication. We 

examined whether taps and rubs could be generated for computer-mediated 

communication and if so, what types of sensations they would give [10]. To 

generate a variety of measureable, controlled taps and rubs, we built a proto-

type called soundTouch. Input is generated with sound waveforms from a 

laptop‘s sound card, which is then amplified by a custom amplifier. The 

resulting signal is used to drive a voice coil motor taken from a disk drive. 

By mounting an arm onto this voice coil motor, different types of tactile 

feedback can be generated. Taps are generated by moving the actuator per-

pendicular to the contact surface. Rubs are generated by moving the actuator 

parallel to the contact surface.  

Unlike vibration, tapping and rubbing convey a distinct emotional message, 

similar to those induced by human-human touch. Our findings from two user 

studies indicate tapping and rubbing generated by our prototype are per-

ceived as being similar to touch interactions exchanged by humans. When 

describing their perceptions, many participants used terminology drawn from 

human-human interaction. Almost all participants volunteered that the expe-

rience had a human quality to it, often citing that it felt like “getting tapped 

on the shoulder, but on your finger”. Quantitative results from the tapping 

study found that users were able to both distinguish and identify taps of a 

variety of frequencies and amplitudes. In the rubbing study, half of the partic-

ipants reported that it felt like rubbing, the others compared it to feeling like 

“sliding your hand across a table” or “dropping a marble through your 

hands”. Quantitative results from the rubbing study found that users were 

able to distinguish a number of rubs, though not as accurately as the taps.  

Another interesting finding is that the fast and slow rubs are perceptually 

different, with faster ones feeling more like vibration while slower taps and 
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rubs have a more human quality. This suggests that tapping and vibration are 

perhaps on a frequency continuum, yet perceptually distinct. 

The results from these studies validate that the prototypes we have built are 

able to create rubbing and tapping sensations. There is some evidence of 

emotive connotations and further work needs to be done to formalize what 

emotive aspects exist in this communication medium. We describe this fur-

ther in the discussion of ongoing work. 

A TACTILE ENCODING OF ENGLISH SPEECH 

Our latest project in this space has to do with a tactile encoding of English 

speech. A tactile encoding of English speech could be used as part of a mes-

saging backchannel, allowing a user to keep in touch with his/her spouse or 

significant other throughout the day. Key to realizing this is determining how 

to map the English language to a vibrotactile channel. In an initial feasibility 

study, we asked 16 participants to match 5 phrases commonly used in text 

messaging (―hello?‖, ―goodbye.‖, ―I miss you.‖, ―where are you?‖ and ―are 

you there?‖) to a series of manually generated vibrotactile patterns using a 

forced choice response. Surprisingly, for each vibrotactile pattern, at least 10 

of 16 participants mapped that pattern to the same phrase. Further characteri-

zation of the similarities between the vibration patterns and the phrases sug-

gests a linguistic approach may be effective. The results suggest that intona-

tion and number of syllables are key characteristics of the phrases. 

According to the linguistics literature, stress, tone and intonation are key 

elements of spoken language [10]. We are currently in the process of map-

ping these elements of speech to vibrotactile patterns in a pre-learned way. 

This is closely tied to emotive aspects of affective communication and we are 

currently exploring that as well. The results will be used to systematically 

generate vibrotactile messages for a non-urgent messaging backchannel ap-

plication that couples can use to stay in touch throughout the day. These 

messages could be augmented with emotive aspects with tapping and rub-

bing. A field deployment with couples will be used to examine how close 

friends and significant others use such a messaging backchannel in their daily 

lives. Post-study interviews will be used to further examine interesting usage 

habits. 

THE INPUT SIDE OF TACTILE COMMUNICATION 

A core principle of our research is that we can exploit users‘ familiarity with 

existing stimuli to generate tactile feedback with pre-learned associations. 

However, like much of the rest of the work in the tactile space, our research 

has focused on generating tactile output. In ongoing research, we plan to 
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extend this approach to a new body of work focusing on the input side of 

tactile communication. 

We have taken the first step in this direction with a project on end-user gen-

erated tapping and rubbing. This extends our previous work on tapping and 

rubbing, allowing users to ―send‖ taps and rubs to someone else by tapping 

and rubbing their own input device. Our current prototype will explore how 

users interpret and send different messages of intent. This is the first instan-

tiation of a new class of input devices that will support end-user generation of 

tactile messages. Here we enumerate a few key projects from this new space. 

Creation of New Tactile Languages 

Our previous work on vibrotactile encodings of speech provides users with a 

common starting point to communicate with one another via tactile methods.  

When this is combined with the ability to generate arbitrary tactile messages, 

a new class of tactile language emerges. How will users create new tactile 

languages? Will the resulting languages differ between groups? How will 

languages generated across groups be similar? 

Emotive Aspects of Computer Mediated Tactile Communication 

A large body of psychology literature has found that human-human touch in 

the physical world is excellent for conveying intent and emotion [8]. With 

mechanisms in place to support the sending and receiving of tactile messag-

es, a natural question to ask is, can computer mediated tactile communication 

provide the emotive aspects of communication that are currently absent in 

text-based communication mediums? Are there pre-learned emotive aspects 

of this type of touch? Our earlier work with tapping and rubbing suggests 

pre-learned emotive aspects exist but only when provided in context. Given 

the appropriate context, this can be more closely examined. 

The Role of Tactile Communication in a Multimodal Communication Device 

New communication mediums such as text-messaging, instant messaging and 

email have resulted in different usage habits. Tactile-based communication 

will likely be used for different purposes as well, but it remains to be seen 

what its role will be and how it will be used in combination with other forms 

of communication. 

Engineering New Input and Output Devices 

New forms of communication and interaction require a new class of devices. 

This can range from wearable devices such as watches to actuators embedded 

in a car seat. A number of engineering challenges exist with producing hard-

ware appropriate for these scenarios. New actuator technologies need to be 
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explored to provide appropriate tactile feedback. Miniaturization and power 

consumption are issues when trying to deploy these actuators to mobile de-

vices. 

CONCLUSION 

Tactile messaging provides a promising mechanism for people to stay in 

touch. Unlike traditional messaging systems that rely on visual or auditory 

cues, a touch-based system can be used eyes-free, providing more flexibility 

for a user‘s increasingly busy workday. By considering human experience in 

the design process, we can construct tactile cues that have pre-learned mean-

ing, leading to a more usable messaging channel. By allowing users to author 

their own cues, emotive and intent elements of interpersonal communication 

can be regained for computer-mediated communication. 
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ABSTRACT 

In this paper, I discuss how social groups maintain shared awareness with a 

tool enabling perpetual and pervasive contact between group members. The 

mediated sensation of presence between two people has often been discussed 

in relation to mobile telephony and text messaging. Here, I outline a proto-

type which supports a similar kind of basic interaction, but for individual 

social groups, and illustrate how it was used in practice. In reflecting on 

shared awareness, I highlight the importance of low-effort communication, 

flexible representations and how perpetual contact can lead to disruption. 

INTRODUCTION 

Text messaging can be used for maintaining peripheral awareness of others‘ 

activities through the exchange of short updates on a person‘s activity or 

observations. It is largely text messaging‘s ―lightweight‖ nature which sup-

ports these kind of micro-updates, which are easy, quick and cheap to send, 

and for the receiver, easy to glance at, ignore or reply. Through the ongoing 

exchange of these background messages, there is a sensation of continual 

contact, or that the person is there with you, sharing the same space as you in 

turn share theirs. Ito observes: ―[t]here is an important sense in which text 

messages … inscribes a flexible but very concrete place-like awareness, a 

sense in which a small peer group inhabits the same ever-present commu-

nicative space‖ [3]. 

It is a discussion of this ―communicative space‖ (ibid.) or ―perpetual contact‖ 

[4] in a group context which is the subject of this paper. Technology such as 

mobile phones can facilitate a sense of presence of a remote person. For 

example, from their bedrooms, teenagers can continue socialising and keep-

ing in contact with their friends after school, escaping parental and spatial 

restrictions [3]. In this case, presence is usually exchanged between pairs 

with some sense of group presence established by cognitively combining 

these exchanges (Figure 1, left). In this paper, I discuss a similar phenome-
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non of technology-facilitated presence drawn from a large-scale, longitudinal 

study of mobile social software, however with an emphasis on group pres-

ence (Figure 1, right) rather than presence maintained between dyads. I sug-

gest that this sense of group presence is afforded by localised, perpetual and 

pervasive contact and pre-existing social ties. 

 

Figure 1. Left: One-to-one communication. Presence awareness by each 

party established as an aggregate of communication. Right: One-to-

many communication. Presence awareness shared by all parties through 

shared communication channel. 

CASE STUDY: RHUB 

Rhub is a system designed to support informal group communication, coor-

dination and sharing. Further details of the system are provided in [1] and [2]. 

Rhub was deployed for over 1.5 years with over 170 users, mostly university 

students of various disciplines.  

Although at its core a website, one of the novel aspects of the system is that it 

is designed to be used across a range of devices using a simple text-based 

command syntax called the console. Rhub‘s various features can be used 

from the web, instant messaging (MSN Messenger and XMPP/GTalk), text 

messaging, MMS and email. With the console, the system is usable from 

everyday mobile telephones without requiring installation or maintenance of 

software or mobile data fees. Variances between devices and systems are 

smoothed over with no manual effort required on the part of users. A text-

messaging interface was particularly important when the system was first 

deployed in 2005, as our users‘ most common type of handset was a basic 

mobile phone without internet access.  

The console supports major Rhub features, for example constructing and 

manipulating groups, inviting people to the system, sending messages and 

setting location and status. Text commands can be sent using one of the 
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available input channels, which was internally processed by the system‘s 

webserver, action taken, and a response forwarded back to the same input 

channel. For example, to send a message to the ―tennis‖ group, a user can 

issue the command >&tennis: Who wants to play this afternoon?, which 

would then be distributed to all members of the ―tennis‖ group. Rhub uses 

several characters to indicate meaning, for example > is used consistently for 

sending messages, & for denoting a group, and @ for location. These can be 

combined, for example >@courts: What are conditions like?, would send a 

message to everyone who has set their location to ―courts‖, or @courts? 

would return a list of friends who have set their location to ―courts‖. Various 

shortcuts are also implemented, such as if a user did not use identifiable syn-

tax, the command is treated as a reply to the last entity they received a mes-

sage from (typically a group).  

Users of the system can create various artefacts, such as uploading and orga-

nizing web links, photos, and georeferenced locations. These can serve to 

support or document social activity, for example uploading photos from a 

party, or starting a discussion around an interesting web link. Activity on the 

system is largely group-centric rather than person-centric. Groups in Rhub 

are lightweight: easy to create and people are automatically added to a group 

when invited. This in turn encourages people to create and be a member of 

several groups according to their interests, and users created groups on the 

basis of existing social ties, such as a group of friends who liked to meet and 

play cards. 

Messaging is the most popular use of the system, and Rhub supported mail-

ing-list style threaded discussions and instant messages, oriented around 

groups or locations. Direct, one-to-one messaging is also possible, although 

seldom used. When a group instant message is sent, the system distributes it 

to all members of the group (filters and personal settings permitting). A sin-

gle group conversation can take place seamlessly over multiple communica-

tion channels as Rhub attempts to deliver messages using the best medium 

for each recipient. For example, if someone is browsing the Rhub website, a 

group message is received as a popup, if they are logged into their instant 

messaging service, they‘ll receive it that way, or if they have their phone 

number registered they‘ll receive it as a text message. Replies can be sent 

back using any media of choice, which are then distributed to all group 

members. 

EMERGENT GROUP PRESENCE IN RHUB 

Over time, as users acclimatised to Rhub and integrated it into their everyday 

socialising, a sense of group presence arose for some users. For these groups 
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– which this discussion focuses on - Rhub is a persistent channel of commu-

nication, a stream of light chatter, always with them wherever they are. 

Friends are able to maintain awareness of social activity as well as organise 

gatherings and events. Once together and co-located, the need for Rhub sub-

sided, however Rhub is a useful tool for those not with the group to connect 

to those that are. The level of social cohesion of a group seemed to bound 

usage of the system. One group of academics who rarely socialised as a 

group seldom used the system, while various groups of friends who socia-

lized often together use the system to a much higher degree. 

Like text messaging, Rhub‘s messages are considered lightweight and infor-

mal. People regarded Rhub as direct and pervasive in that it can dependably 

deliver messages instantly, regardless of where the message was sent from, or 

who was receiving it. By comparison, our study participants view email as 

slowed and unreliable for coordination as some people check email infre-

quently. Instant messaging is considered useful, however only if people are 

logged on. Although mobile phone applications for systems such as Face-

book are now becoming ubiquitous, it is still difficult for groups to organise 

in an ad-hoc manner. For many, calling or text messaging is still the lowest-

common denominator for assured contact, and both of these mediums can be 

labour intensive as replies must be manually forwarded around the group. 

Because Rhub delivers messages instantly it can be used for commenting on 

events taking place at the same moment. During the study period, several 

large sporting matches took place which captured most participants‘ atten-

tion. Some people were together watching the games, others from home. 

Rhub activity spiked at these times, as groups of friends cheered, booed and 

commented as the games progressed. At times like these, usage seemed to 

transcend messaging, becoming a metapresence where people in a variety of 

locations and contexts were communicating as though they were in the same 

room. Below is an example of a short exchange during a total lunar eclipse: 
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Table 1. Sharing the moment of a total lunar eclipse. t is the interval be-

tween messages. 

Name Message t 

Greg That's no moon!  

Sally It's pretty. 0:11 

John Stu[p]id clouds, whens the main event? 0:02 

Mari Awesome 0:04 

Dan The world is ending. 0:01 

John Where are the zombies i was promised? 0:02 

Dan Look at it now 0:25 

 

In the following exchange, presence and status information is exchanged in a 

very informal, yet nuanced way. Alice and Arne indicate that they are inter-

ested in doing something, while Erik and Ian indicate they are already out, 

also sharing their location. While it was only these four users who partici-

pated in the exchange, it was observed by around 15 others, some of whom 

may have taken action, for example by joining Erik and Alice. 

Table 2. Establishing presence information 

Name Message t 

Alice Anyone in the valley? Or anywhere.  

Erik Pub1 0:04 

Ian Pub2. 0:17 

Arne Just finished work.. Drinks with the crew now.. Where is 

everyone? 
0:04 

Alice Heading to Pub1. 0:03 

Erik good choice alice 0:04 

 

People largely used Rhub to coordinate events, with plans rapidly unfolding 

in an ad-hoc manner, usually shortly prior to the event itself. This is similar 

to Ling‘s observation of micro-coordination in one-to-one text messaging, 

where coordination is an iterative process, filling in detail over time with 

several messages [5]: 
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Table 3. Micro-coordination. Tim initiated the conversation with a text 

message, but later switched to instant messaging. All others were partic-

ipating via SMS except for Helge. 

Name Message t 

Tim Courts are avail today. What time would ppl like to play. For 

a booking? 
 

Al 1.30 would be good for mel and i... 0:17 

Ola Five ish for me 0:02 

Ann Anytime works for us 0:01 

Helge any other takers for 1:30? 0:10 

Ola Do that up cause i am golfing now and I was guessing when 

would be done 

0:02 

Ola One thirty works for me! 0:13 

Al so what's the dealio? 1.30 or when? 0:55 

Tim im in 0:11 

Justin need to book first 0:03 

Tim i made a booking this morning 2-4 just in case 0:03 

 

Users who sent too many ―useless‖ messages were publicly reprimanded by 

others, and as a result participants shaped their own acceptable norms. The 

informal group nature of messaging gave rise to a style of ―half-invites‖, 

whereby group members would often invite each other to events in a noncha-

lant manner. If others attend they are welcome, but there is no obligation to 

reply. Frequently however, people would respond to the half-invite with their 

own status and location in order to explain their absence. In the example 

below, we see two people stating where they are going to be, half-inviting 

others, and later sending on-location updates of what the scenes are like. We 

also see Rhub being used to bridge locations and providing first-hand, con-

textualised accounts of remote locations. 
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Table 4. Ad-hoc coordination. 

Name Message t 

Thom Pub1 from 7.30ish.  

Phil wouldn't try Pub1 guys, lines are massive and it's way way 

too busy. Pub2! 

01:14 

Ed Stop. Please god, stop! 01:12 

Jonny hey aren't you in europe? how's Pub1? 00:03 

Ed Yes i'm in europe! Stop wasting my money! Make the mes-

sages stop, somebody, anybody!! 

00:02 

 

Thom Totaly packed (Pub1) don't do it. Let u know if we move 00:01 

 

Thom Remove yourself from the list then 00:03 

 

Phil everyone's hitting Pub2. I'm there now. It's getting very busy. 

Definitely recommended. 

00:01 

 

 

Usage of Rhub often continues during and after an event, for example, mes-

sages sent by those not present to find out how the event is going, or perhaps 

people at the event sending messages enticing others to attend (such as in 

Table 4). In addition to fulfilling rendezvousing utility, coordination messag-

es are also useful for diffusing presence information. From the stream of 

messages, spatially disparate group members can get a sense of others‘ ac-

tivity and location. This stream could also be seen as a transcript of social 

events, for example, one user reported checking his phone in the morning to 

peruse his friends‘ activity from the night before. In this sense, Rhub‘s short 

term buffering of group communication can help fill gaps due to memory or 

absence of presence.  

Unlike Facebook and Twitter, Rhub‘s group messages are broadcast to rela-

tively stable subset of people who regularly meet face-to-face. Thus, messag-

es can be sent with the shared social context in mind, for example using deic-

tic references for events and places. In addition, messages have ephemeral 

quality, in that only a few of the latest messages are available for viewing on 

the web, are not searchable or indexed by sender, and extensive archives are 

not available. Because of the confined distribution of messages, their charac-
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ter tended to be similar to how the group communicates face-to-face, such as 

the style of teasing, joking and profanity. 

REFLECTIONS 

Group presence does not emerge as a matter of course from communication 

technologies, even those that offer perpetual contact. In a wider comparison 

of use by different groups, it is clear that social ties and frequent social activi-

ty between group members led to the frequent use of Rhub and a sense of 

group awareness [1]. As designers we are only able to create a system condu-

cive to the kinds of social interaction we wish to support. The experience of 

Rhub suggests that sharing presence should be low-effort and offer control 

over how presence is expressed and to what extent it is visible or ―pushed‖ to 

others. Some satisficing is required: a system which offers fine-grained con-

trol over presence sharing will probably not be low-effort. 

Low-effort and pervasive 

As demonstrated in transcripts of Rhub usage, awareness of others‘ location 

and activity often forms part of the broader task of ad-hoc coordination. After 

all, it is difficult for coordination to proceed with establishing the current 

state of potential participants. Message recipients who may not have any 

interest in current stream of coordination are able to use these messages to 

keep abreast of friends‘ activities. 

Ad-hoc coordination is enabled by being low-effort to use and pervasive. 

Low-effort reduces the ―cost‖ of coordination and lessens formality. As a 

result, people sent ―half-invites‖ to activities which they otherwise wouldn‘t 

have made an effort to invite extra people to, and people attended more social 

activities as they were better aware of what others were doing. The pervasive 

nature of Rhub‘s message delivery also lowered the effort to contact several 

people as it smoothed over the gaps in people‘s varied technology usage, and 

importantly, allowed for ongoing coordination while mobile. This allows 

coordination to take into account the localised context, for example notifying 

others of a large queue and suggesting an alternative location. Remote par-

ties, or parties enroute to the original location can take advantage of another 

person‘s first-hand observations in order to better inform their own activity; 

in a weak sense, carrying out tele-situated action. 

Representation 

It is also worth considering forms of representation in social systems. Shared 

awareness of location and activity for Rhub users did not necessitate precise 

geo-located coordinates or mapping services. Users were able to accomplish 

shared awareness in a fluid manner, leveraging in-group slang with free-form 

text messages, such as referring to locations by localised, colloquial terms. 
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For example, within one group, ―the pub‖ was commonly understood to be a 

particular favourite location, while for people outside of this group, the refer-

ence would mean nothing, or perhaps a different location altogether. After 

observing how users were referencing location and status in group messages, 

I devised means for users to set their location and presence, and for this to be 

broadcast to friends, however it was seldom used. For example, instead of 

sending a Rhub message >&tennis: Out at Pub1, good live 

band, users could send @Pub1: good live band. Rhub would resolve 

the reference of ―Pub1‖ to an actual location and associate the user with it as 

well as distribute the update to friends via instant messaging and select 

friends via text messaging. In this design response, some level of flexibility 

of intention is lost. Users might want to set their location so it is visible on 

the website, but not necessarily spam their friends with what could be very 

mundane updates. At the same time, there was originally little benefit
1
 in 

setting location unless others could see it and take action. Free-form messag-

ing, although semantically opaque for the system, was ultimately the most 

successful way for Rhub users to balance wanting to share their location with 

friends and invite others, yet only do so when appropriate. In addition to 

intentionally indicating presence, the message was sent to a particular group, 

a subset of all acquaintances and friends, and thus presence could be inten-

tionally focused to particular people and not others. Later, it was possible to 

add a character to the location setting command to prevent it being forwarded 

others, however this was too complex for users – a graphical interface might 

prove more successful. 

Disruption 

Technology-mediated communication has the ability to collapse space tradi-

tionally present between different social contexts, for example the home and 

workplace. At the workplace, it is possible to make and receive calls from a 

partner, or more subtly, via text-based mediums such as email, instant or text 

messaging. It is this perpetual contact which supports the sensation of pres-

ence, for example, that your partner is there with you in the same space. 

Rhub however is oriented towards group communication. Instead of a sooth-

ing sensation of being in your partner‘s presence, Rhub occasionally felt like 

a group of raucous friends are partying in the same room as you, regardless 

of the context of the space, or your current activity. The quantity of messag-

es, and thus disruptions, were participants‘ most significant concern of Rhub, 

                                                           
1
 I later added a public transport schedule service which required users to set 

their location 
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but most acknowledged that the benefit of group messaging could not be 

realised without having to accept unwanted messages as well. Opting out of 

messages entirely was not considered viable, as that would mean missing out 

on the bulk of the group‘s social activities and updates. Various design inter-

ventions were devised to empower recipients to restrict message flow and to 

encourage senders to critically think how their message should be forwarded. 

Ultimately however, we found that users preferred to disable audible alerts 

on their phone to ignore Rhub activity and delete messages, rather than 

proactively limit messaging either from the graphical web interface or by 

sending a command. 

CONCLUSIONS 

This paper illustrated how a social group used group-oriented mobile social 

software to establish shared awareness. Low-effort, pervasive and localised 

messaging facilitated ad-hoc micro-coordination and ―half-invites‖. Coordi-

nation was effective even without sophisticated representations such as geo-

graphic coordinates, highlighting the value of free-form and nuanced natural 

language. 

REFERENCES 

1. Heyer, C. Mobile Social Software. Unpublished PhD thesis, The Univer-

sity of Queensland, 2008. 

2. Heyer, C. Brereton M. and Viller, S. Cross-channel mobile social soft-

ware: an empirical study. In Proc. Of CHI (2008), ACM Press, 1525-

1534. 

3. Ito, M. Mobile Phones, Japanese Youth, and the Replacement of Social 

Contact. Presented at the Annual Meeting for the Society for the Social 

Studies of Science, November, 2001. 

4. Katz, J. E. and Aakhus, M. (eds). Perpetual Contact: Mobile Communi-

cation, Private Talk, Public Performance. Cambridge University Press, 

2002. 

5. Ling, R. The Mobile Connection: The Cell Phone’s Impact on Society. 

Morgan Kaufmann, San Francisco, 2004. 

  



1st Workshop on Social Interaction in Spatially Separated Environments                 73 

A Framework for Communication 
and Interaction in Spatially  
Distributed Social Groups 

 

Jasper van de Ven 

University of Bremen 

Bremen, Germany 

jasper@informatik.uni-bremen.de 

Falko Schmid 

University of Bremen 

Bremen, Germany 

schmid@sfbtr8.uni-bremen.de 

Tobias Hesselmann 

OFFIS Institute for IT 

Oldenburg, Germany 

tobias.hesselmann@offis.de 

Susanne Boll 

University of Oldenburg 

Oldenburg, Germany 

susanne.boll@uni-oldenburg.de 

 
ABSTRACT 

Social relationships between spatially separated groups canbe difficult to 

establish and maintain. Meetings and talks are often reduced to a minimum 

because of the spatial distance between the involved groups. Our approach to 

solve this is to interconnect separated groups using a network of multi-modal 

displays, which are able to detect and represent social activities at the respec-

tive other site. To comprehensively represent and interpret social activities 

with those display environments and establish a communication channel 

between them, a flexible and dynamic software architecture is needed. As a 

solution, we are developing a framework for interaction and communication 

in spatially distributed social groups, which is described in this paper. We 

present the concept, the actual architecture and a prototypical implementation 

of the system. 

INTRODUCTION 

Members of today‘s research projects and corporations are often working in 

different physical locations. Teams are distributed over multiple branch of-

fices, situated in different cities, countries or even on other continents. Thus 

collaboration between members of such spatially distributed teams mostly 

takes place on a formal and planned level using videoconferencing, phone 

calls, or e-mail. Significant effort has been put into the development of these 

interaction methods, and they play an important role in day-to-day work. 

However, social relationships between team members are also important for 

creating a productive and successful working atmosphere. Nevertheless, it 

can be difficult to establish such relationships when teams are spatially sepa-
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rated. Until now only few effective techniques have been developed to sup-

port social interactions between spatially separated groups on a technical 

level.  

We address this problem by interconnecting multi-modal displays at separate 

locations, which feature microphones, speakers, touch-screens, and cameras, 

to detect the presence of team members and their social activities and to 

represent them to members of a remote, spatially separated team. By doing 

this, we intend to create a feeling of togetherness, presence and proximity 

between spatially distributed groups.  

As the displays should be used for detection and representation of social 

activities and provision of according communication, they naturally need to 

communicate with each other and have a common representation of the over-

all socio-spatial configuration. The establishment of proper communication 

channels and configuration representation between the separated displays are 

key aspects on the technical level. This demands a flexible software envi-

ronment which allows dynamic transmission and interpretation of the respec-

tive environment and occurring social activities. 

In this paper we describe the conceptional layers and software architecture 

we have developed for the transmission, perception and interpretation of 

social activities, and our prototype of that system. 

RELATED WORK 

Research related to the project topics mostly focuses on two distinct kinds of 

social groups: Researchers or office workers situated in different locations, 

who want to establish and sustain social relations over a distance, and family 

members and friends, who want to preserve their relationships when they are 

spatially separated. 

In [1], Dourish and Bly present ‖Portholes‖, which introduces media space 

technologies to support awareness in distributed working groups. Basically 

providing regularly updated images of one side to the other and also functio-

nality to send short audio or video messages based on a constant video con-

nection. They conclude that based on their observations awareness may be a 

useful basis for community building and communication. Utilizing ‖Por-

tholes‖ and other collaborative awareness tools, Girgensohn et al. ([2]) re-

searched design features that foster or prevent adoption by new users and 

groups. They suggest that concerns for privacy and surveillance are among 

the most important of these features. 

In [3], Judge et al. present the ‖Family Window‖, which enables families to 

connect over a distance using a videoconferencing system. They show that a 
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constant video stream between separated family members can indeed im-

prove the feeling of connectedness between them, but also state that the ap-

proach probably only works in very close relationships and raises questions 

regarding autonomy and privacy. In [5], Tee et al. studied how family mem-

bers use currently available technologies to stay in touch. They derive valua-

ble suggestions regarding the design of ubiquitous systems to support social 

interactions over a distance. They discuss privacy and awareness issues, and 

suggest to reduce the effort needed to initiate communication and interaction, 

while keeping obligations to a minimum. 

Questions related to implicit and explicit interactions in ubiquitous systems 

are dealt with in [6], where Vogel and Balakrishnan present design principles 

for a smooth transition from implicit to explicit interaction when interacting 

with public displays. For the detection of implicit interactions, it is essential 

to understand the context of the interaction regarding aspects like time, loca-

tion or the number of people involved. In [4], Schmidt gives an overview 

about these and other criteria and presents a XML-based language for the 

definition of a systems context. 

THE SIL-SCENARIO 

We installed the Spatial Interaction Laboratory (SIL) in the Cartesium build-

ing at the University of Bremen (see figure 1) and in the 50 kilometers distant 

building of the OFFIS Institute for Information Technology, Oldenburg. SIL 

consists of two distributed display environments (DDEs) with 25 interactive 

systems in total. Our goal is to use SIL to establish and maintain social rela-

tionships between the two spatially separated groups. The particular empha-

sis is the maintenance of social relations not only between individuals, but 

also on the group level. Our intention is to communicate what is going on at 

the respective other site, and support natural and implicit communication 

between members of the groups. The goal is to mimic ordinary social interac-

tions between the separated team members, just as they would occur when 

both groups would be located at one place. For example, people would meet 

on the corridor, at the coffee machine, or at other ‖social foci‖ and start chat-

ting about things currently going on. As this kind of casual communication is 

naturally important for social relationships and implicitly also for the produc-

tivity of groups, we believe that ubiquitous technologies like our SIL can be 

crucial tools to achieve a successful cooperation.  

The general idea is to create a system that perceives its environment, recog-

nizes and represents certain social activities (e.g. an informal meeting is tak-

ing place, or about to take place), reasons that this activity might be of inter-

est to others and also determines which remote locations are actually interest-
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ed. This information is then used to initiate communications or interactions 

between the members of the group at the remote locations in a non-obtrusive 

way. 

 

        Figure 1. Picture of the DDE installed in the Cartesium 

Figure 2 shows a general depiction of the steps involved in this process. The 

system is divided into three layers (represented by the colors in figure 2) to 

clearly distinguish different conceptional entities and provide structured 

interfaces between them: A reasoning layer (green), a recognition and inte-

raction layer (blue) and an environment layer (yellow).  

The environment layer provides a internal socio-spatial representation of the 

environment and also gives access to a installed sensor and interaction sys-

tem. Based on the sensor input the recognition element of the recognition and 

interaction layer analyzes the current (local) environment and changes occur-

ring within it. 

This information about changes and perceived configurations is then pro-

vided to the local reasoner to decide if the detected information is relevant to 

a remote location, and furthermore checks if the propagation of it is conflict-

ing with privacy or security regulations. The local reasoning only considers 

data of a specific part of the environment and does not take into accounts 

spatial or social relations of other displays. The concepts of social and spatial 

relationships are introduced by collecting all locally derived and abstracted 

information within a group reasoner (top element of the reasoning level) 

which then correlates spatial, social and miscellaneous available information. 

The group reasoner might then suggest that a communication or interaction 

between two or more systems might currently be of interest. This information 

is given to the respective local reasoners to decide if it is currently possible to 

try and initiate a communication attempt or if the configuration detected 
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through the local sensors has changed. If possible the local reasoners will 

activate the interaction element of the recognition and interaction level, 

which then establishes 2 a communication or interaction between the pr 

posed locations. 

 

Figure 2. Diagram of the steps involved in this process and the conceptional 

layers 

THE PROTOTYPE SYSTEM 

We have implemented the described concepts in a software prototype, con-

necting the two DDEs located at the University of Bremen and the OFFIS 

Institute for Information Technology. The DDE‘s consist of touchscreen 

computers providing audio and video functionality through microphones, 

speakers and video cameras. We use the auditive and visual input in order to 

detect the presence of individuals or groups and map it to appropriate means 

of output at the remote site. Furthermore, next to the presentation of informa-

tion about the remote location also means of establishing communication and 

interaction are provided in a non-obtrusive way. I.e., the protection of per-

sonal information of either user has to be enforced to ensure their privacy as 

well as not interrupting in inappropriate situations. A straightforward ap-

proach could be the heavy distortion of transmitted video data as long as not 

both sides have confirmed the willingness to communicate. 

The system is based on a distributed client-server architecture representing 

the underlying spatial and social relations. Furthermore, the design of the 

system ensures scalability as new server and client elements can dynamically 

be introduced. This is a hard constraint as we plan to extend the SIL at each 

location and might temporarily or durably introduce other remote locations 
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with different interaction and communication setups. Examples are the join-

ing of an additional working group for a new project period, or the integra-

tion of a coworker on an extended research visit abroad. Thus, our prototype 

uses an infrastructure as depicted in figure 3. In the actual implementation, 

each location has its own server (Nodegroup A and B) connected to all 

clients in that location (the Nodes a1::X and b1::Y ). In addition, one further 

server (Nodegroup C) exists connecting the local servers. This directly 

represents the underlying spatial and social structure: Two separated groups 

are united in a third (social) group. Scalability is provided as further local 

servers (Nodegroups) can easily be included. 

 

Figure 3. Diagram of the technical infrastructure of our framework 

The first part of our architecture is the node module, which resides on each 

touchscreen (called a node in the following). This node module provides all 

interaction and communication functionality as well as the management of 

the local environment with its sensor and interaction elements and local rea-

soning. The architecture is depicted in figure 4. Considering the layer archi-

tecture introduced earlier, the node would resemble the environment layer, as 

well as parts of the reasoning layer and recognition and interaction layer. 

The node module consists of six submodules, the sensor and interaction ele-

ments and two data storages. The submodules are the Environment Control-

ler, the Analyzer Modules, the User Interface, the Communication Control-

ler, the Media Controller and the State Model. The data storages are called 

Profile-Pool and Info-Pool. The single elements are described in the follow-

ing in relation to the process workflow illustrated in figure 2. 

The Environment Controller is responsible for managing all local sensor and 

interaction elements. In our case these elements are a built-in camera, a mi-

crophone, speakers and a touchscreen per node. In particular, the camera and 

microphone require some sort of resource management, as they may be used 

by multiple other submodules, e.g. the Analyzer Modules or the Media Con-

troller. Considering the layer architecture, both sensor and interaction ele-

ments and Environment Controller are part of the Environment layer. 
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Figure 4. Illustration of the node architecture 

Using the resources provided by the Environment Controller the Analyzer 

Modules are used to analyze and recognize the local environment. In our 

system this includes the recognition of people present in the perimeter of the 

displays by image recognition and noise-level detection. These functions are 

split into separate modules in order to make it easier to add functionality to 

the system. These information are then propagated to the State Model. All 

Analyzer Modules are part of the recognition and interaction layer. Based on 

the observations made by the Analyzer Modules the State Model reasons and 

projects current and near future situations and configurations of the node by 

keeping a local state and a history of recent states combined with a logical 

reasoning approach. In addition the Info-Pool is used to store and request 

temporal static information about the node and its environment, e.g. points of 

interest in the perimeter of the display (meeting points, coffee dispensers, ...). 

All these information are processed by the State Model for reasoning and 

projection and the results are provided to the group reasoner (a node group, 

which is explained later). Considering the layer architecture this implies that 

the State Model is part of the reasoning layer. The Info-Pool cannot directly 

be placed within the layer architecture. It is more a purely technical part of 

the system design. The same holds true for the Communication Controller 
and the Profile-Pool. The Communication Controller is the interface to the 

network of nodes and node groups. It provides the possibility to send mes-

sages to other known nodes or node groups. For example, it is used by the 

State Model to propagate the results of the local reasoning process to all 

concerned node groups. The message destinations (i.e. nodes and node 
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groups) are determined by the Profile-Pool, which holds and maintains in-

formation and data about all other known nodes and node groups. Thus, the 

Profile-Pool and the Communication Controller together provide the func-

tionality for the used distributed client-server infrastructure and its dynamic 

configuration. The Communication Controller also receives all incoming 

messages and delivers them to the according submodules. For example, after 

sending the results of the local reasoning process to the group reasoner, the 

group reasoner draws the conclusion based on the single observations of the 

local reasoners that an interaction between both groups is currently possible. 

An example is the detection of groups chatting for a certain period at both 

locations. This information is then sent to and accepted by the local Commu-

nication Controller and delivered to the State Model. If the local perception 

of the environment did not change and is preventing an interaction, the State 

Model instructs the Media Controller to execute the interaction attempt. 

The Media Controller is part of the recognition and interaction layer and is 

responsible for providing actual communication and interaction possibilities 

for two or more users at different nodes. At the moment, our implementation 

supports a direct audio-video communication channel between two nodes and 

their respective users. 

As a last step in the process, the User Interface uses non-obtrusive methods 

to represent interaction attempts at both locations and thus changes the local 

environments. It is part of the recognition and interaction layer as well as the 

environment layer. 

The second part of the system is the nodegroup. This piece of software can 

be placed on any accessible computer. It provides the functionality of group-

ing nodes and node groups which can then be interconnected. These group-

ings are meant to cluster spatially or socially related nodes and nodeg roups 

in order to allow further reasoning about spatial and social relations or com-

munication and interaction attempts. Considering the layer architecture intro-

duced earlier the node group would resemble parts of the reasoning layer. 

The node group architecture consists of five elements: A Communication 

Controller, a Group State Model, a Profile-Pool, an Info-Pool, and a Space-

Pool. Figure 5 shows a depiction of the architecture. 

The first four elements of the architecture are the group versions of the ac-

cording elements of the node architecture. The only new element is the 

Space-Pool holding spatial information about the relations of the single 

nodes and node groups belonging to the represented node group. 
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Figure 5. Diagram of the node group architecture 

CONCLUSION AND FUTURE WORK 

In this paper we introduced a framework for representing social activities and 

the states of multiple local environments by appropriate instances, making it 

possible to correlate and represent an overall socio-spatial configuration 

within a spatially distributed social group. Using this scalable and modular 

framework we provide a possibility to evaluate and research different me-

thods of socio-spatial representations, activity recognition and non-obtrusive 

interaction modalities in spatially separated environments. Using the frame-

work as a technical foundation, our next steps are to (1) research suitable 

components and configurations of social activities which are necessary to 

create a feeling of togetherness and proximity over long distance, (2) ex-

amine privacy and obtrusiveness aspects of these representations and (3) 

develop reasoning mechanisms for detecting suitable situations to engage 

distant peers. 
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ABSTRACT 

Ubiquitous computing systems enable connecting people and places with 

non-conventional methods. In this paper, we discuss about sharing contextual 

information of the remote place when communicating through an ubicomp  

system. In our research we have looked at two remote interactive surfaces, 

which are connected to each other. Here, interaction with the remote place 

happens by drawing or placing photos on the table. In this paper, we discuss  

about our experiences and future plans of sharing contextual cues of the re-

mote location. 

Author Keywords Interactive surfaces, remote collaboration, context shar-

ing, design 

ACM Classification Keywords H5.m. Information interfaces and presenta-

tion (e.g., HCI): Miscellaneous. 

General Terms Design, Experimentation, Human Factors. 

INTRODUCTION 

Technology used in connecting people at remote places has traditionally 

involved conventional communication technology solutions (phone, mobile 

phone) or PC based applications (VOIP, chat, email), where the form factor 

has been tied to the desktop or laptop PC. However, ubiquitous computing 

can look at new means to support communication between remote locations. 

During recent years, e.g. the research on public displays and interactive sur-

faces has emerged, offering examples of new mediators for communication. 

For instance, public displays have been utilized for communication at a work 

place or within other co-located groups (e.g. [3; 4]). The design of playful 
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experience and tangible interfaces has also been exploring new forms to 

communicate and support group cohesion [1, 7]. As an example in [1], a 

physical artifact, a plastic flower changes its form (i.e. blooming) to indicate 

the availability status a distant person. 

In this paper, we want to discuss especially about how to mediate the context 

information about the other location when connecting remote locations with 

two interactive tables. This will give rise to design questions – for instance, 

how detailed, exposing or subtle information about the other place we want 

to communicate. In some cases, the social setting may ask for more anonymi-

ty, and the requirements for the information richness and accuracy can also 

vary. 

CONTEXT AND COMMUNICATION 

While recent developments in communication technology have created nu-

merous communication applications and devices, personal face-to-face com-

munication remains the most effective and rich communication method. This 

is because people use many subtle cues to enrich the communication, but also 

because of shared context. While being in the same physical place, persons 

also intuitively share the relevant context information, like objects and condi-

tions, of the surrounding environment. Much of this context is lost in me-

diated communication.  

Context awareness in communication has been studied widely within context 

aware computing research (e.g. [9, 10]). While a need to preserve context in 

communication has been identified already e.g. in early media space research 

in CSCW community [2], current advances in pervasive computing with 

wide range of sensors enable real implementations and installations of con-

text aware communication applications [9]. Many research systems experi-

menting context-aware communication seems to use context information to 

inferring presence status, routing communication or assist initiating the 

communication, while there is less systems which enhance the communica-

tion itself with context information [10]. One example from the latter catego-

ry is ConChat, which lets users communicate a wide range of contextual 

information in addition to textual chat messages [8]. 

Furthermore our focus is ―communication for fun‖ rather than more ―serious 

communication‖, which seems to be focus on most of the prior studies in the 

area while fun and playfulness in communication is less researched [6]. Fo-

cusing on playful communication gives us some freedom in context informa-

tion use, but on the other hand the measurement of the effects is harder. 
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SET-UP - COMMUNICATING THROUGH SOCIAL SURFACES 

In our research we wanted to study new ways of ad-hoc communication be-

tween physically separated spaces and the use of contextual information. For 

that purpose we build a trial system based on interactive surfaces. The system 

consisted of two similar interactive tabletops running a simple drawing appli-

cation (Figure 1). Tables were connected to each other so that the drawing 

area was shared, i.e. whatever was drawn in one table was seen on the other 

and vice versa. So the communication or discussion was done by free draw-

ing or sketching. In addition to free drawing, users were able to drag pictures 

to drawing area, which were also shown on the other end. Users could also 

send pictures locally to the table over Bluetooth. Tables were multi-touch 

tables allowing local multiuser interaction. Our focus was in ad-hoc commu-

nication between strangers, but some of the research findings probably apply 

also to similar kind of settings between familiar groups and context effect in 

communication in general. 

 

Figure 1 Ambient communication with drawing application 
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AMBIENT COMMUNICATION BETWEEN THE LOCATIONS 

 
Experiences from the User Study 

We conducted an in-the-wild user trial with the system last year. The tables 

were placed in two nightclubs in Tampere, Finland and the tables were in 

free use for the people in the clubs for two nights. The usage was both ob-

served and recorded, and some of the users were interviewed. The results 

from the trial, as well as the complete system and trial descriptions, are re-

ported in [12].  

In the trial setup, the only initial piece of contextual information about the 

other end was the place of the other table. The nightclubs were chosen so that 

the people in both clubs knew the other place and had an idea of the people 

usually visiting the place. In the interviews it became clear that the people 

would have liked to have more information about the communication partner 

and what was happening in the other end. As our system in that point didn‘t 

provide any automatic transfer of contextual information, users were infer-

ring contextual information based on sketches and pictures. During the study, 

we observed occasional misunderstandings due the limited communication 

channel, but as the communication setting was set up for ad-hoc communica-

tion and for fun, this was not perceived very harmful. 

However, the experiences indicated that enhancing the communication with 

additional contextual information would make the communication more 

interesting and engaging. Utilizing sensors to feed context information to the 

table was clearly one of the future work items. That would also give us in-

formation about the effect of the contextual awareness in this kind of com-

munication. 

Utilizing Sensors in Ambient Communication 

Our table contains an array of proximity sensors attached to the table frame. 

In the public trial the proximity sensors were used for detecting users in prox-

imity and changing the UI when somebody came near of the table. This kind 

of usage of the proximity sensors is common in similar settings (e.g. in [11]). 

However, as in many cases, we used the proximity information just for local 

changes in the UI and system state, and the information was not shared be-

tween the tables. 

As the proximity sensors were already available, it was easy to use that as a 

first new source of contextual information to be shared between the tables to 

enhance the communication. Thus we added simple hemispheres to the UI 

(Figure 2) to represent both local and remote users. Likewise in [11], the 

sensors are able to sense users in all sides of the table, so that the system also 
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can give rough information about the number of people around the remote 

table. 

 

Figure 2 Remote (blue) and local (yellow) proximity indicators 

So far, the new functionality has not been formally evaluated with users, but 

the system has been showed in couple of public demonstrations. The reac-

tions have been positive and the new feature has been one of the most com-

mented features in the table. The users get more exited when they see that 

there is somebody in the other end, even if the other person is not drawing 

anything. The users track the activity in the other end based on the move-

ments in the hemispheres, and they tend to target the drawings to the hemis-

phere. Users trying the system seem to understand the meaning of the hemis-

pheres very easily, as they can also see their own proximity hemisphere mov-

ing as they move. Even the small amount of context information seems to 

give encouraging reactions. 

The initial design of the proximity context representation is very simple. We 

wanted to keep the additional information about the context away from the 

drawing area, as that should be dedicated to actual communication sketches. 

We also wanted to experiment with the ambient representation as discussed 

further in the next section: the hemispheres were placed in the edge of the 

user‘s visual attention area. Furthermore, the proximity indicator (hemis-

phere) is so simple, that it doesn‘t draw too much attention away from the 

main drawing area, as might be the case with more complex, avatar type of 

representation. However, these design principles already open up an interest-
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ing user evaluation area around the context representation and its effect for 

communication.  

 

Figure 3 Examples of contextual content sent to the table 

Adding sensors to the system could provide more extensive context informa-

tion to the system. For example Bluetooth presence information could be 

used to determine the rough estimate of the number of people in proximity. 

Same kind of information about the crowds near by the table could be esti-

mated also by machine vision cameras with dedicated video processing algo-

rithms. More accurate information of the users gathered around the table 

could be accomplished by using face recognitions cameras. With current state 

of the art face recognition technology it would possible to estimate versatile 

biometric information such as identification, gender, age or mood of the user. 

Microphones can be used to record the ambience sound context and noise 

level.  

One interesting context information source is the user-generated content like 

the pictures, videos and sound clips. One picture taken of physical surround-

ings can tell lot of things about the context when sent over the table. We had 

the possibility already in place during the public trial, as the users could use 

Bluetooth to send pictures to the table and then use these pictures in the 

sketches. But the user experience with Bluetooth pairing and sending is so 

poor, that the feature was not used much. Figure 3 shows two examples of 

pictures sent to the table during the trial, which tell something about the local 

context and atmosphere to the remote end. There was a pop festival on one of 

the nightclubs, and somebody sent a picture of the poster and somebody else 

sent a picture of the band playing. In the future we are planning to improve 

the photo sending functionality to be easier to use and thus increase its usage. 

DISCUSSION 

Although the benefit of the context awareness and context information in 

communication is obvious, using the context information in practice is prob-
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lematic for many reasons. Firstly the process of capturing and transferring 

context digitally alters it inevitably. During capturing and transferring, the 

context is removed from its own context, which means the context that was 

not captured. Moreover, the interpretation done with software based on the 

captured and sensed information about the context is fundamentally different 

than the interpretation done by humans. [2] 

Secondly, increasing the context sensing capabilities increases also the priva-

cy concerns, especially, when the context information transfer is automatic. 

In addition to these, increasing the amount of the context information in 

communication can became problem from the design point of view. Then the 

context information starts to disrupt the communication and the user. In our 

research we aim to address the problems by leaving the most of the context 

interpretation to users, adding user control and experimenting with ambience 

in context transfer and representation. Our system does not aim to interpret 

any contextual states from the sensed information and use that further to alter 

the functionality, which is the case in many prior researches. Instead we try 

to transfer the contextual information on the side of the communication flow, 

and leave the interpretation to the user. Furthermore, the context information 

should be represented in a way, that it doesn‘t disrupt the communication. By 

allowing the user to control some of the context sources, we believe that the 

context information transferred would be more as a part of the message, not 

something that has to be interpret separately. Then the context information 

can be used to help to express something and make the communication rich-

er. 

Last thing that we would like to experiment is the ambience in context trans-

fer and representation. Representing context information in abstract and aes-

thetic way and using the periphery of a user‘s attention could help avoiding 

irritating context overflow in design and disrupts in communication. Also we 

feel that the ambient design could even be better for transferring atmosphere 

and tone of certain place and people. The hemispheres outside the sketching 

area for proximity are an example towards this direction, but we also wish to 

go beyond visual clues, towards for example aural or haptic context represen-

tation. For example, vibrating touch surface could represent the sound inten-

sity on the other end, or different glowing colors on the drawing area frame 

in the UI could represent crowds near the table. 
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ABSTRACT 

Video conferencing and media spaces have been on the research agenda for 

decades. However, most research has been on supporting meetings in work 

contexts, often trying to approximate real meetings in many regards. In this 

paper, we explore how video conferencing and media spaces can extend 

beyond meetings to support shared activities and relationships between dis-

tant friends and family members. Informed by social science and inspired by 

live TV composition, we propose live orchestrated video streams as a way to 

enable a shared experience of a common activity, shared among multiple 

households. We present some social science ramifications and discuss related 

technical challenges. 

Author Keywords 

media space, interaction ritual, real-time communication, orchestration, event 

abstraction 

ACM Classification Keywords 

I.2.4 Artificial Intelligence: Knowledge Representation Formalisms and Me-

thods—representations (procedural and rulebased), representation languag-

es; H.4.3 Information Systems Applications: Communications Applica-

tions—video conferencing 
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Content Selection, Human Factors, Performance 

INTRODUCTION 

Communication between geographically distant people is an essential social 

need, for which manifold technical solutions have been developed. Live 

audiovisual communication (think video conferencing) solutions have im-

proved, recently stimulated by user-friendly interfaces, affordable high-

resolution cameras, and increased bandwidth. While most work focuses on 
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one-to-one connection (e.g. Skype), relatively little has been achieved to 

support group-to-group interaction (e.g. solutions from Cisco, Tandberg), 

especially outside the business communication domain. Within the research 

project TA2
2
, we are investigating ways to mediate informal social group 

activities across multiple households. The scope of the project is limited to 

people with existing close relationships — like families and friends—

increasing trust and decreasing privacy issues. The goal is to enhance com-

munication between the participants and encourage them to interact more 

frequently in group settings, thus strengthening their social ties to one anoth-

er as well as fostering their group identity. By making it easy to organize and 

take part in shared group activities between dislocated households, we aim to 

foster the social cohesion between the participants, for example elderly 

people and their grandchildren who live in distant cities, rarely meet at family 

events and whose social ties are hampered by the limitations of an occasional 

phone call. The technical infrastructure currently explored consists of high 

resolution cameras (good enough for zooming), microphone arrays able to 

capture also the direction of sound, multiple screens (ranging from huge TV 

screens to mobile devices) and powerful video and audio analysis modules 

that extract assertions about the physical location and the participants‘ verbal 

and nonverbal actions. The real-time requirement makes the efficient 

processing and transmission of audiovisual content a multifaceted research 

challenge. 

SOCIAL SCIENCE DISCUSSION 
Video conferencing and media spaces 

The project can be characterized as enabling a media space [15] between 

participants and their households, rather than merely being about video con-

ferencing. While video conferencing is primarily about enabling rich, effec-

tive short-term communication between dislocated people and places, media 

spaces imply a long-term connection and relation between places and the 

people within them. Mantei et al. [13] note that ”Media spaces define new 

methods of communication, with novel and unforeseen uses and potentiali-

ties. Communication through a media space is more than an approximation 

of face-to-face communication — it has a richness and complexity all of its 

own.” Thus, while a media space heavily rely on video conferencing, it goes 

further and provides a set of affordances and characteristics of its own, par-

ticular to this type of communication medium. Over time, people typically 

adapt to new ways of communication and the particular characteristics asso-

ciated with a new communication channel. After a learning and adaptation 

                                                           
2 http://ta2-project.eu 
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period, people have added a new medium to their communications repertoire, 

which extends rather than replaces the previous channels. The new medium 

does not necessarily have to mimic face-to-face communications in detail. 

Rather, new practices can be established where expressions are adapted to the 

new medium, but still represent a basic communicative need. As an example, 

consider how emotions are expressed in face-to-face situations, to how smi-

leys, emoticons and certain abbreviations (LOL) are being used to convey 

emotions in text-only communications.
 

Gaze and eye contact 

In video conferencing, supporting gaze and eye contact between participants 

has been a long-standing usability challenge, and many different technical 

solutions have been developed (e.g. [13, 16, 4]). It is assumed that since gaze 

and eye contact is of high importance in face-to-face conversations [2, 3], it 

must also be true for video conferencing. According to [3, 6], gaze serves at 

least five communicative functions: to regulate the flow of conversation; to 

provide feedback on how the communication is being perceived by the lis-

tener; to communicate emotions; to communicate the nature of the interper-

sonal relationship; and to reflect status relationships. However, while we can 

assume that these communicative functions are important also in mediated 

communication, it does not necessarily follow that they can only be imple-

mented and expressed using gaze and eye contact. On the contrary, as the 

example with emoticons above showed, a basic communicative function can 

be successfully mapped to a different means of expression, albeit with qualit-

ative differences in its execution. Thus we conclude that the basic commu-

nicative functions implemented with gaze and eye contact in face-to-face 

situations could possibly be implemented using other means of expression in 

a mediated setting. 

Social cohesion and interaction ritual 

Most mediated communication today such as phone, email and chat, and 

even online social networks, are primarily subjectively experienced as indi-

viduals. In contrast, being together with friends in a real shared activity such 

as a party creates a subjective feeling of ‖us‖, that goes beyond the feeling of 

‖I‖. TA2 is ultimately about supporting group relationships between people, 

in particular families and friends who for some reason can‘t meet physically 

as often as desired. In sociological terms, we want to support social cohesion 

[11] within these groups, primarily relying on strong ties [8]. Sociologists 

have studied how groups are created and maintained, and what holds them 

together. According to [7, 11, 5], social cohesion and solidarity can be seen 

as the glue that binds groups together, and in turn social cohesion is created 

and maintained by (interaction rituals). Interaction rituals are recurring eve-
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ryday activities that are the building blocks of our social habits, and can have 

varying frequency of occurrence. Examples include shaking hands, answer-

ing and finishing a telephone call, celebrating birthdays, and playing games 

together. When taking part in an interaction ritual, we (re-)create a small 

portion of the social bond between us and the other participants. Defining 

characteristics of an interaction ritual are: a mutual focus of attention, a 

common mood among the participants, a common feeling of a barrier to the 

outside world, engagement in the situation, and most importantly — reci-

procal acknowledgment of each others‘ engagement [11]. While some form 

of communication channel is necessary, it is not sufficient in itself, and thus a 

video conferencing link such as a media space will not suffice without a 

common, shared activity and the engagement of the participants in establish-

ing a successful interaction ritual. In order to support social cohesion through 

interaction rituals, and the establishment of social identity, a long-term pers-

pective is needed which includes recurring intense interaction rituals of vari-

ous kinds, as well as moments of reflection, planning, anticipation and look-

ing forward to future shared activities. This includes both asynchronous and 

synchronous communication within the group and parts of its members. 

While TA2 addresses this broad range of issues, this paper focuses on the 

intense, immersive synchronous communication that can be enabled by a 

successful media space. 

Orchestration 

As noted above, supporting direction of attention as well as sensing whose 

attention is directed towards me using gaze and eye contact in a video confe-

rence is notoriously difficult. Existing solutions typically substantially con-

strain individuals‘ movements and field of view. However, since a media 

space should be seen as a communication medium in its own right, rather 

than as an approximation of face-to-face conversations, perhaps other means 

of directing and sensing attention could be developed that would be better 

suited to this medium. In addition, and in contrast to most previous research 

on video conferencing and media spaces, we want to support the establish-

ment and execution of a common, shared activity, rather than merely facili-

tating rich conversations. Thus, we must think of ways in which we can 

present a common view of an ongoing activity that would be easy to follow 

and interpret, in addition to providing means for communication and direc-

tion of attention. This is where orchestration comes in. The orchestration 

software system aims to understand the interaction between the system‘s 

participants to continuously select camera views that best support the human 

interactions. Orchestration requires a way to formalize and detect cues (in-

formation about the scene) and to be able to reason about them, in order to 
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decide what to display on the common screen, representing the flow of the 

shared activity across the participating sites in the media space. Early expe-

riments focused on communication channels and aimed to classify the inte-

raction into conversation states, such as monologue and dialogue. We wanted 

to employ techniques used to absorb and immerse users in cinema and TV, 

e.g. how live TV is being put together by a director in a control room, select-

ing one of several camera views and cropping and zooming when appropriate 

- all in order to convey a smooth and fluid view of the central activity that is 

the focus of attention of the TV viewers. So far we have conducted a series of 

focus groups and workshops with users to inform our design process as well 

as trying to validate the implications from social science. We have also car-

ried out a series of experiments with manual orchestration, both offline and 

with live video, in order to better understand the requirements of the gram-

mar and cue detection, as well as the subjective experience of watching the 

resulting video composition. Initial conclusions are that cinematic tech-

niques, whilst relevant, seem insufficient for our purposes, and we are thus 

working towards a grammar dedicated to communication orchestration. 

Privacy and intrusiveness 

The acceptance and success of the system is influenced by non-technical 

factors to a great extent. Regarding certain aspects, orchestrated communica-

tion can be compared to the consumption of directed film. In contrast to me-

dia consumption, which is a lean back activity, we aim to encourage our 

users to lean forward and be active. Over time, strong interactions in a group 

setting should foster the strong ties between the participants. The integration 

of communication with a shared activity, such as a game, should make the 

experience more engaging, fun and captivating. While our aim is to achieve a 

high degree of immersiveness, several factors might impede that. Privacy is a 

delicate topic. In order to support nuanced human conversation, the system 

will have to capture and process person-centric information. Over time, the 

system should learn about the users in order to reduce unnecessary interac-

tion. Because the system is inherently connected to locations outside the 

users‘ home, trust in personal data management is crucial. The intrusiveness 

of the system is another critical aspect. Again, multiple cameras are neces-

sary to achieve advantages such as free movement in the living room space 

while communicating with other people. Simply put, people are not well used 

to being on video. Multiple cameras in a home environment, high-resolution 

devices on top, are usually encountered with skepticism. How these attitudes 

evolve in the next years and decades, given the emergence of user generated 

content and the omnipresence of surveillance systems in many public spaces, 

remains to be seen. Several ideas exist to make the space as non-intrusive as 
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possible, e.g. by integrating devices with furniture (hiding) and making it 

very easy for the user to switch the whole system off. 

TECHNICAL DISCUSSION 

In larger group-to-group conversation setups, the amount of content available 

from audio/video streams is simply too large to display everything for each 

user. Hence, only relevant views have to be selected for each individual user. 

We like to compare the functionality to a virtual director and refer to the 

component in our system as the Orchestration Engine (OE). The main output 

of the OE are commands and layout instructions that the Video Composition 

Engine (VCE) renders. Figure 1 illustrates the information and content flow 

through our system, from the cameras through various components to the 

screens. The low-level information bits extracted by Analysis are called cues. 

Parts of the Analysis module as well as the Contextualisation and Interaction 
Ontology modules are responsible for informing the orchestrator about the 

current scene as a directed information chain, each attempting to lift the 

knowledge to a higher semantic level. Different strategies, such as multimod-

al fusion, information contextualisation, semantic inference and pattern 

matching are applied. 

 

 

Figure 1. Simplified system architecture. Camera streams are analyzed 

by audiovisual Analysis. Emitted low-level cues are further processed by 

the Contextualisation and Interaction Ontology modules. The Orchestra-

tor receives high-level events and decides which camera streams the 

VCE will render on each individual screen. 
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Technical challenges 

Opportunities and limitations of video-mediated communication have been 

studied for decades [14]. Given the setup we defined, usability is a core re-

quirement. Annoyances while using the system could keep especially kids, 

elderly people or users less familiar with technical interfaces from the im-

mersive experience. While relatively little has been reported on automatic 

video editing in the realm of live human interaction, a significant amount of 

work on the real-time scenarios we discuss here is building on results from 

asynchronous scenarios, where recorded content is processed. Related work 

has been presented for miscellaneous use-cases, ranging from entertainment 

and health-care to the technology-enhanced learning domain [9]. Typically, 

video clips in a database are identified and arranged on a timeline for layout, 

while users may dynamically influence clip selection by interacting with the 

system, both before and while watching. The main difference to our approach 

is the real-time requirement with live content streams, which hinders a num-

ber of technical components from fully exploiting the state-of-the-art. When 

orchestrating live events, the resolution of the content is limited by band-

width and video compression, and there is little time to extract and process 

metadata for the decision making and screen composition task. 

Cue abstraction 

Cue abstraction means the automatic inference of high-level events based on 

a continuous stream of low-level events. Identification of high-level events is 

essential for the Orchestrator‘s decision making. The better the system un-

derstands the scene, the better the communication can be enhanced. An ex-

tensive survey of approaches is presented in [10]. While Bayesian Networks 

are a popular tool for abstracting low-level events, our approach is to sequen-

tially process incoming cues in a central Interaction Ontology component. 

The software manages an ontology as its knowledgebase which is conti-

nuously updated. The core parts of the model logically resemble a state-

machine. New knowledge is inserted into the model as actions, and a set of 

rules determines which state transitions are triggered by them, based on both 

the current and the past situation (history). 

Delay 

Inherently, delay is critical in live communication. According to the well-

known ITU-T Recommendation G.114 [1], end-to-end delays greater than 

about 200ms significantly decrease user satisfaction. While not all functional 

components of the system are on the critical path, some of them have to ex-

tend the state-of-the-art to succeed. The transmission of high-resolution con-

tent is especially challenging and requires sophisticated solutions to be scala-
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ble. In addition, the latency of audio and video streams have to be synchro-

nized. TA2 is working to minimize system delays. 

Prediction 

In principle, the system as discussed is a purely reactive software system. 

With a certain delay, assertions about the current interaction situation are 

extracted, processed, and based on them, the system will react. In a simpli-

fied example setup with multiple participating locations with a single screen 

and single camera each, let one person be currently talking. The system could 

decide to show the speaker in a cropped portrait shot to all other locations, 

and cyclically alternate wide shots of the other locations on the screen in the 

speaker‘s location. Whenever somebody else becomes the speaker, the sys-

tem would switch views with a certain delay. Coming back to the comparison 

to directed film, users might easily get annoyed by the latency, especially if 

the speaker changes frequently—an effect people are not used to, mainly 

watching professionally edited content. While deterministic behavior implies 

advantages as well, we believe that a certain amount of prediction behavior is 

essential for the system‘s acceptance, and aim to investigate that in future 

work. 

CONCLUSIONS 

We have presented an approach to support shared, mediated group activities 

by means of real-time, orchestrated audiovisual streams. Previous research on 

video conferencing and media spaces have focused on supporting conversa-

tions, rather than shared activities, as well as trying to approximate face-to-

face meetings rather than exploring the possibilities of the medium. We be-

lieve there could be a latent need among users for mediated group activities, 

supporting group identity and the subjective feeling of ‖us‖ being together 

[12]. We also believe it is possible to get around some of the inherent prob-

lems with mediated gaze and eye contact by providing alternative means for 

people to experience a shared, distributed activity. Building on social science 

theory and cinematic techniques, we are exploring real-time orchestrated 

video as a way to enable this. 
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ABSTRACT 

Mobile devices help people to stay connected across huge distances and to 

socially interact while in spatially separated environments. However, com-

pared to face-to-face- interaction, communication and interaction via mobile 

phones currently are still restricted. Therefore, an idea of Mann, Fung, and 

Lo concerning cyborglogging with camera phones shall be taken a step fur-

ther. A scenario is described in which a modified version of their design is 

used to support social interaction across the borders of spatially separated 

environments in a new manner. It shall be argued that this might create a new 

understanding of being present at a certain place while at the same time it 

raises questions concerning privacy, surveillance and authenticity of expe-

rience. 
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INTRODUCTION: SURVEILLANCE AND CONTROL 

Since several years, surveillance and control is a pretty hot topic in scholarly 

as well as in political debates. To some extent, the 9/11 incident gave birth to 

these discussions and debates, at least on the political level. However, re-

search on issues of surveillance and control in modern or, as some would say, 

postmodern societies began much earlier than 9/11. In many respects, one 

could say that Michel Foucault started this kind of research with the publica-

tion of his book ―Surveiller et Punir. La Naissance de la Prison‖ in 1975 [6]. 

And if one takes the scholarly debates concerning privacy into account, one 

might say that research on surveillance and control started much earlier, for 
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instance with Samuel D. Warren and Louis Brandeis‘ hallmark paper ―The 

right to privacy‖ [18], published in 1890. 

A large part of this ongoing debates deal with the relation of the state and its 

citizens. According to Foucault and many other scholars, surveillance and 

control are methods to govern people. From this point of view, surveillance 

and control are understood as something repressive, as methods to force 

people to do things they otherwise would not do. Other scholars like David 

Lyon stress that surveillance and control make possible social sorting [9] 

which means that certain people at certain places are labelled as ―[…] ‘unde-

sirables‘ by examining individuals‘ immediate attributes for disliked charac-

teristics. A person might fall into a pariah category because of what she is 

wearing, who she is ―hanging out‖ with, or her demographic category.‖ [8, p. 

122], as Kang and Cuff puts it.  

Common understanding of surveillance and control most frequently implies 

that there is some kind of Orwellian ‗Big Brother‘ who is watching us. Regu-

larly, state authorities like the police or secret services are identified as Big 

Brothers, but insurance companies, search engine providers like Google and 

companies running social networks like Facebook – generally speaking pri-

vate companies – are also very often mentioned. These actors collect, 

process, and store huge amounts of personal related information and use it in 

their own interest. Compared to them, we as citizens or consumers are rela-

tively powerless. 

SOUSVEILLANCE AND EQUIVEILLANCE 

To abate or even abolish this asymmetric power relation, Steve Mann [10, p. 

620] suggests that people should employ information and communication 

technology for the purpose of ‗sousveillance‘ which ―[…] refers both to hie-

rarchical sousveillance, e.g. citizens photographing police, shoppers photo-

graphing shopkeepers, and taxi-cab passengers photographing cab drivers, as 

well as personal sousveillance (bringing cameras from the lamp posts and 

ceilings, down to eye-level, for human-centered recording of personal expe-

rience).‖ Additionally, Mann, Fung, and Lo [12, p. 177] coined the term 

‗equiveillance‘ to emphasize ―[…] a peer-to-peer approach that decentralizes 

observation to produce transparency in all directions.‖  

Briefly speaking, sousveillance and equiveillance are characterized by two 

aspects. The first one must be understood in a political sense as already 

pointed out: Sousveillance and equiveillance shall wane or eliminate an 

asymmetry of power between, for example, state authorities and citizens. 

Each and every citizen shall be empowered to employ the same surveillance 

measurements as state authorities and companies do. The second aspect must 
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be understood in more individual as well as social terms: Mann and his col-

leagues would like to use technology for artistic reasons, to create some kind 

of multimedia diaries – called ‗cyborglog‘ –, and for purposes concerning 

social interaction. They demonstrate that ordinary mobile phones can be 

employed for cyborglogging or ‗glogging‘. In principle, they created a client-

server-architecture with mobile phones as clients with which pictures can be 

taken and text can be entered. Pictures and text are sent in realtime to a server 

on which they are stored. Users of these servers now can access those con-

tents using a web browser in real-time, too. The authors stress [12, p. 178] 

that ―[i]n contrast to other photosharing sites, where images are uploaded 

from PCs, ‗glogger uses camera phones which are commonly carried by 

people in their day to day lives in real-time.‖ A Microsoft Research project 

called ―SenseCam‖ realizes a somehow similar approach although in this 

case no automatic transmission of photos to a website takes place; instead the 

photos are stored within the camera. 

Mann, Fung, and Lo also discuss the social, moral, and legal aspects of the 

technology they developed. With regard to the paper at hand one of the most 

important aspects they bring up is that the cyborglogging system as well 

creates an asymmetric power relation although it was supposed to mitigate 

such asymmetries. This accrues from the fact that only the person who wears 

and utilizes the mobile phone actually knows whether it takes pictures or not. 

This raises moral and legal concern, as Mann, Fung, and Lo admit [12, p. 

179]: ―Naturally, as with any new technology, there will be both advocates as 

well as opposers. When faced with the moral or ethical dilemma of when to 

run ‗glogger, we consider, as a base-level of operation, the notion of equiveil-

lance. Equiveillance doctrine says that as long as surveillance is present in 

the environment, that a person ought to have a moral and ethical right to 

engage in sousveillance.‖ 

From the point of view of an ethicist it must be stressed that Mann, Fung, and 

Lo‘s position seems to be somehow naïve and therefore must be challenged. 

For the presence or absence of a moral right does not depend on whether 

others act according equivalent moral rules. To put it a bit exaggerated but 

bringing it to the point: One does not have the right to misbehave just be-

cause there are people who behave in a morally wrong way. Additionally, it 

has to be stressed that in some countries, for instance Germany, under certain 

circumstances it is legally prohibited to take pictures of persons without their 

informed consent (§823 BGB; §201a StGB; §§22-24, 33, 37, 38, 42-44, 48, 

50 KUG). But although these moral and legal aspects are most interesting as 

well as important, here they shall not be examined anymore. 
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MOBILE PHONES AND REAL-TIME VIDEO STREAMING 

In earlier papers (e.g. [11]), Steve Mann already brought up the idea of ―con-

tinuous lifelong capture of personal experience‖ using video technology. 

Other scholars mentioned technologies that could be employed to share expe-

riences and to communicate and interact across the borders of spatially sepa-

rated environments (cf. [2], [15]). These ideas and conceptions now shall be 

put a step further. Let‘s suppose the following scenario: K. is carrying a Blu-

etooth headset equipped with a microphone, earphones, and a small head 

mounted camera. Compared to Mann, Fung, and Lo‘s setting this would 

assure that the camera would have almost exactly the same perspective as the 

person carrying it. A modified version of the technical infrastructure that 

Mann and his collaborators presented might be used to transmit and receive 

video streams in realtime from one 3G mobile device to another or even to a 

couple of them. Received video streams may be projected on any suitable 

surface employing a micro beamer. Another option would be to utilize a 

Tablet PC to show video streams and to transmit own content. A bit more 

high-tech would be to use head mounted displays.  

A first or simple version of this technology would merely transmit video 

streams and the respective sound; however, it certainly would be possible to 

augment the visual and acoustic channel with other sensory input, for in-

stance from haptic interfaces, or data concerning environmental conditions 

such as temperature or humidity. It might also be useful to transmit data 

about the physiological conditions of users. Yet, it would be rather easy to 

monitor heart beat frequency, blood pressure, and the like, but it would be 

much more difficult to bring these data to the attention of the receiving per-

son in an adequate and effective way: Just showing numbers on a display 

would not provide for a real experience. 

In some situations it might be very useful to record all the above mentioned 

information in order to evaluate and review them later on, for instance in case 

of emergency rescue, law enforcement, or even combat missions. However, 

this kind of usage shall not be discussed further. Instead, the real-time appli-

cation of such technology shall be evaluated. 

Although persons using this setting might be spatially separated by huge 

distances for them it would be possible to interact with each other in a pretty 

new way: They would hear and see what their peers would hear and see and 

vice versa. In fact, one could say that although a person not really resides at a 

place she is present. This concept shall be called ‗virtual presence‘. The dif-

ference compared to ‗telepresence‘ or ‗copresence‘ is that these generally 

require using video-conferencing equipment that is located in a particular 
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room (cf. [17]). Moreover, at least the more simple technical solutions of 

virtual presence would utilize already existing consumer products. However, 

it must be stressed that not the technology itself shall be focused here but its 

epistemological consequences. 

A NEW UNDERSTANDING OF PRESENCE 

It is obvious that a technology like virtual presence would make moral and 

legal questions as pressing as the original concept of Mann, Fung, and Lo, 

particularly with regard to surveillance and control, privacy and data protec-

tion. It has to be stressed that the new setting would not abolish the asymme-

tric power relation between the person employing virtual presence and those 

who are pictured as long as no additional technological measurements are 

utilized or respective social rules are enforced. However, such aspects shall 

not be discussed any further in the paper at hand. Rather, the epistemological 

consequences of virtual presence shall be evaluated.  

The major appeal of virtual presence surely would be that in principle we 

would be able to communicate and to interact with persons spread across 

spatially separated environments all over the world; we could ‗attend‘ any 

event anytime anywhere. But as the famous Science Fiction writer Isaac 

Asimov already described in 1957 in his novel ―The Naked Sun‖, our under-

standing of being present might change dramatically: ‗to be present‘ and ‗to 

reside‘ then would mean something completely different. Furthermore, vir-

tual presence might change our understanding of reality, particularly if high-

tech equipment as mentioned above would be utilized. 

Indeed, the idea that a mind-independent reality does not exist is widespread 

among social scientists and philosophers (e.g. [1]). But even if one sticks to 

the idea that there is a mind-independent reality most scholars would agree 

that to a certain extent our experience of reality is a theory-driven creation, 

construction, or fabrication of our brain determined by our knowledge, preju-

dice, and expectations. What we, for instance, see is not something like a 

representation of the world as it is but rather an image that, to a large extent, 

our brain creates. Moreover, it is widely accepted among most scholars that 

media of any kind strongly influence the process of constructing a 

worldview. Therefore, since virtual presence is a kind of media, it would 

affect our worldview, too. But the totality of virtual presence seems to intro-

duce a leap in quality if compared to other media like broadcasting or televi-

sion. If anything, the experience of virtual presence might only be weighed 

against the total immersion that can take place while playing computer games 

or going through virtual realities (cf. [3]). 
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One other difference compared to media like broadcasting or television is 

that it would not make sense anymore to talk about content of (digital) media. 

For this content will be integrated in our own experience in such a way that 

one cannot talk about a representation or mapping of reality (cf. [12, pp. 

200]). Hence, at least to some extent, the dualism of I and world might be 

abrogated because the distinction of world on the one hand and information 

or knowledge about the world on the other hand could not be drawn any-

more.  Virtual presence just might taken for granted the same way like today 

the possibility to talk with distance others via mobile phone. Current findings 

already suggest that using mobile phones shows deep impacts to psychologi-

cal traits of their users [cf. 16]. At least it can be stated that virtual presence 

probably would blur the borders of virtual and embodied or physical space 

and would help to create what often is called ‗hybrid space‘ [cf. 4] 

TRUTH AND FALSITY OF IMAGES 

In his famous novel ―1984‖ George Orwell not only described a society cha-

racterized by ubiquitous surveillance and control but he also depicted the 

methods of historical misrepresentation by manipulation of documents of any 

kind. One of these methods is photomontage. In our times we know the verb 

‗to photoshop‘: Its use shall indicate that a digital picture was modified to 

increase, for instance, its quality. But pictures can be manipulated to the 

extent that they do not show truth anymore. 

It is seductive to believe that as long as we know all steps of the production 

and reproduction of a picture – or any other kind of document that shall 

represent reality – we would be able to authenticate the validity of this par-

ticular picture. But even if we assume that a picture actually can represent 

reality, we have to learn that the validity of a picture must be authenticated 

not only by technical means but by socially defined rules. As observers we 

must rely on that a picture in fact shows reality as it is. In this regard, Escu-

dero Chauvel [5] coined the term ‗media contract‘ for the rules which shall 

authenticate the validity of documents that shall represent reality. In case of, 

for instance, traditional journalism, one might say that this media contract 

actually more or less performs successful. But one could be skeptical whether 

equivalent rules can be defined, implemented, and enforced in the case of 

virtual presence.  

For one has to learn that virtual presence probably will come together with 

the disposability of huge computing capacities on the server side as well as 

on the client side. Current mobile devices already provide for computing 

power comparable to that of personal computers less than five or six years 

ago. The respective computing power would suffice to employ at least simple 
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real-time video manipulation and filtering. Moreover, on the server side 

cloud computing can provide for pretty cheap and massive computing capaci-

ties. These can be utilized to manipulate transmitted pictures and video 

streams in real-time or with minute delays only. For the recipients of such 

content it would be very difficult or even unfeasible to determine whether it 

is authentic or manipulated. 

Hence, from the point of view of epistemology it might be still possible to 

determine what is real and what is a construction based on technology. But 

reasonably, one might be skeptical whether we as users of virtual presence 

would be able to decide if the transmitted information is authentic or manipu-

lated. 

FURTHER RESEARCH 

As previously pointed out, technologies like virtual presence raise serious 

moral and legal questions concerning privacy, data protection, power rela-

tions, and the like that could not have been discussed in the paper at hand. To 

answer those questions, at first it would be necessary to clarify which moral 

and legal norms and rules would be affected by virtual presence. But addi-

tionally, it would be mandatory to evaluate users expectations, hopes, fears, 

and of course reactions with regard to such a technology because it would not 

make sense to be concerned about virtual presence if its potential users would 

decline to apply it. 

Furthermore, bandwidth available for consumers using mobile devices would 

allow for services that would not only employ visual and acoustic channels 

for communication and interaction. Technology could provide for other sen-

sory input applying, for instance, haptic interfaces. Therefore, it would be 

essential to empirically evaluate which interfaces in which situations and for 

which uses cases would be most appropriate for interaction across spatially 

separated environments. 

CONCLUSION 

Mann, Fung, and Lo‘s conception of a technology that makes feasible sous-

veillance and equiveillance was presented to show that ubiquitous computing 

technology not necessarily supports surveillance and control in an Orwellian 

sense. Virtual presence as a modification and extension of the cyborglogging 

design was introduced which shall support communication and interaction of 

persons residing in spatially separated environments. It was demonstrated 

that without further technological means or respective social rules the new 

setting raises the same moral and legal concern as Mann, Fung, and Lo‘s 

design. Moreover, it was talked about epistemological theories of reality and 

that our understanding of presence would substantially change if virtual pres-
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ence would be employed. Finally, it was stressed that users of virtual pres-

ence probably will not be able to determine whether that what they expe-

rience would be an authentic or manipulated reproduction of reality. 
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