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Abstract Interacting with public displays involves more

than what happens between individuals and the system; it

also concerns how people experience others around and

through those displays. In this paper, we use ‘‘perfor-

mance’’ as an analytical lens for understanding experiences

with a public display called rhythIMs and explore how

displays shift social interaction through their mediation. By

performance, we refer to a situation in which people are on

display and orient themselves toward an audience that may

be co-located, imagined, or virtual. To understand inter-

action with public displays, we use two related notions of

collectives—audiences and groups—to highlight the ways

in which people orient to each other through public dis-

plays. Drawing examples from rhythIMs, a public display

that shows patterns of instant messaging and physical

presence, we demonstrate that there can be multiple, het-

erogeneous audiences and show how people experience

these different types of collectives in various ways. By

taking a performance perspective, we are able to under-

stand how audiences that were not physically co-present

with participants still influenced participants’

interpretations and interactions with rhythIMs. This

extension of the traditional notion of audience illuminates

the roles audiences can play in a performance.

Keywords Public displays � Performance � Groups �
Audiences

1 Introduction

The very term ‘‘public displays’’ implies a large public, but

this brings up questions of what the ‘‘public’’ for a

‘‘public’’ display is, and what the consequences of partic-

ular kinds of commitments to ideas of ‘‘publicness’’ are.

There is a large literature in CSCW and HCI on public

displays and how they can provide awareness information

[4, 6, 9, 10, 18–20, 25, 26]. Looking at this corpus of work,

we can begin to see what constitutes a public display.

Much work in CSCW and HCI draws its inspiration

from the work of Goffman [17], who defines ‘‘public pla-

ces’’ as ‘‘any regions in a community freely accessible to

members of that community’’. A public display, then, is a

display that is installed in a space that is openly accessible

to more than one person. By openly accessible, we mean

that people do not need to be granted explicit permission

before they can enter the space. There is the potential for an

audience to appear at any time, because a display, as well

as any person who interacts with it, can be visible to

anyone passing through the space. A design tension that

emerges from the practice of publicly sharing awareness

information is the trade-off between privacy and aware-

ness. The issue of privacy is often framed as the lines

between ‘‘public’’ and ‘‘private’’ spaces being blurred, and

how users should be able to control what information is

captured about them and presented to others [19, 21].
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We extend this work by demonstrating that multiple,

heterogeneous collectives engage with public displays and

that people experience these collectives in different ways.

We argue that not only are people influenced by physically

co-present audience members, but that they are also

influenced by ‘‘imagined audiences’’—that is, they are

conceiving of the potential audience for the display as

imagined others who may not necessarily be co-present

with a public display or its users.

When interaction takes place in public spaces, as it

inevitably does in the case of public displays, the experience

is more than what happens between the user and the system,

and more than the results of the user’s actions. Participating

in an interactive experience also produces a context that

shapes how someone else experiences what you do, and

how you are aware of other people seeing and experiencing

that you are experiencing something. Dalsgaard and Hansen

[7] refer to this as ‘‘performing perception,’’ in which the

user is simultaneously engaged in interacting with a system,

performing for others to observe and actively perceiving

that a performance is taking place. Our work seeks to use

performance as an analytical lens for understanding expe-

riences with a public display. By performance, we are

referring to a situation in which someone’s experience (the

performer’s) with an object or another person is affected by

the presence of others (the audience). Along this vein, we

align ourselves with Dalsgaard and Hansen [7] and Reeves

et al. [31], among others, to examine the role of the audi-

ence, both co-present and imagined, in shaping a per-

former’s experience with a public display.

Previous work in public displays has shown that public

displays can engender serendipitous and spontaneous

interactions [6, 25, 26]. These works assume that such

interactions generate feelings of connectedness across lar-

ger audiences or that the public encountering the display is

a single homogenous collective of people. However, we

demonstrate that interactions around and through public

displays are more complex. To analyze these phenomena,

we rely on two related but independent concepts to high-

light how people actively orient themselves toward dif-

ferent types of collectives mediated by displays: audiences

as they are conventionally understood and groups as

defined by McGrath [27]. Drawing examples from rhyth-

IMs, a public display that visualizes patterns of instant

messaging and physical presence for a group of collocated

people, we extend the notion of audience and demonstrate

how imagined audiences influence the experience of the

performers. We explore the dynamics of how audiences

and groups reveal themselves around rhythIMs and show

how the relationships between these concepts—their dif-

ferent scopes and different modes of participation—help to

illuminate different aspects of people’s experiences of

public displays.

The structure of this paper is as follows. First, we review

the related literature that motivated our work. Then, we

describe the design and implementation of rhythIMs. We

discuss our findings, focusing on how participants oriented

toward different types of audiences and groups. We then

present an extended notion of audiences to examine how

imagined audiences affect one’s experience of rhythIMs. In

this, we demonstrate how rhythIMs mediated different

types of collectives and audiences, which in turn, influ-

enced people’s interpretations of the system and its inter-

actions. Finally, we end with concluding remarks and offer

a direction for future work.

2 Related work

Temporality plays a large part in structuring our everyday

lives, especially in our interactions with others. When

people arrange social gatherings, everyone must agree

upon a suitable time. Even impromptu gatherings can

necessitate temporal sequences, e.g., ‘‘I’ll meet you in the

lounge in 5 min.’’ Begole et al. [2] found that visualiza-

tions of computer usage reflected meaningful patterns in

people’s activities, both on and off the computer, as they

went about their day-to-day lives, suggesting that the

knowledge of other people’s rhythms is useful for coordi-

nating activities or initiating contact. Visualizations of

email activity have also revealed the social and temporal

structures that exist in our communication with others [13,

35]. The results of these studies indicate that a shared sense

of time among a group of people facilitates the coordina-

tion of interaction.

Helping people to identify their own rhythms and pat-

terns may also be useful in managing—or at least under-

standing—the inferences other people make. This is

especially salient for online interactions, which can feel

shapeless, because the interaction is intangible and the

presence of other people and their activity is often opaque

to the user. Although visualization tools already exist for

online interactions, such as email [13, 35] and online

communities [12], instant messaging remains largely

unexplored as a source of data for visualizations.

Most visualization approaches typically revolve around

the individual, with the visualization acting as a tool for

information retrieval on a dataset generated by an indi-

vidual user. The mail, for example, visualized the content

of a single user’s email archive [35], while Begole et al. [2]

examined a single user’s computer activity. These tools

enabled users to navigate through large amounts of data

and to make sense of their own patterns of behavior.

However, much of our interaction with others online is not

one-to-one but rather, with multiple people simultaneously.

These visualizations, then, would fail to capture the
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patterns of interaction that would emerge from a many-to-

many dynamic in a group setting.

To make the recent activity of the members of an online

community more transparent to its users, Erickson et al.

[12] introduced a group-centric approach to visualization in

their work on ‘‘social proxies,’’ which are dynamic

graphical representations of online presence and activities.

This work focused on making visible individuals’ activities

in a collective format of a group of people, which is our

interest here as well. Although the Babble system provided

people with a sense of recent activity, it primarily visual-

ized real-time online activity. This provided people with an

immediate awareness of others who were currently active

on the chat system. However, it did not reveal the longer-

term patterns of activity. Although the visualization

afforded opportunistic interactions when people were using

the system at the same time, interaction was predicated on

synchronous use. Thus, users needed to have prior aware-

ness of when others were likely to be using the system in

order to facilitate ‘‘opportunistic’’ interaction.

Supporting awareness has driven a great deal of CSCW

research [4, 10, 21]. Although these systems were meant to

support distributed work groups, they highlight the

importance of awareness and connectedness in facilitating

communication, aiding in collaboration, and strengthening

social bonds. Although collocated groups have the distinct

benefit of sharing a physical space, which allows them to

glean awareness information and social cues, these social

functions are important for enriching group interactions.

Researchers have noted the advantages of IM as a tool

for lightweight interaction in the workplace, supporting

informal communication, coordination, and scheduling [20,

29]. Current methods of obtaining IM presence informa-

tion, however, require the user to explicitly retrieve a status

message or periodically monitor and scan a buddy list.

These methods require the user to switch tasks and to place

full attention on the IM client, suggesting that a peripheral

means of supplementing this information may be useful,

especially for users who have IM continually running in the

background. Huang et al. [20], for example, demonstrated

the value of a public IM system for supporting awareness

and facilitating workgroup interactions. (At the time of this

study, push technologies for status notifications, such as

those used in WhatsApp, Twitter, or Facebook, were not

yet widely used).

3 rhythIMs

3.1 Motivations and design

We extend the research described in the previous section

by taking a group-centric approach to visualization and to

provide awareness information about a group’s presence.

rhythIMs publicizes opportunities for informal and spon-

taneous communication by reflecting information about a

group’s presence back to all members of the group. We

decided to focus on instant messaging presence and

physical presence as the source for awareness informa-

tion. We wanted to explore how people become present to

themselves and each other in different ways.

The goal of rhythIMs is to give people a picture of what

their recent IM and physical presence activity looks like,

alongside their past patterns (see Fig. 1). Each user is

represented by three layers: remote IM presence (e.g., on

IM while not collocated with the display), physical pre-

sence, and simultaneous IM and physical presence (e.g., on

IM while collocated with the display). To distinguish

between the three types of presence information for each

user while indicating that they are related as a set, we used

the same color for each user but colored each presence at a

different saturation level. IM presence is shown at 33 %

saturation, physical presence at 66 %, and simultaneous IM

and physical presence at 100 %.

The thickness of a layer is proportional to the fre-

quency with which a user has been present on IM or in

the physical office space in the recent past. A series of

clock images is laid out across the bottom of the visual-

ization, each representing a different hour of the day.

Because many people are accustomed to reading analog

clock faces quickly and to avoid the perception that the

visualization is a graph, the time axis is labeled with

clocks rather than numbers.

An example scenario of how the visualization is gen-

erated is illustrated in Fig. 1. The regions are labeled as

follows:

1. The user, Lucy, is logged on to IM at home between

midnight and 3 a.m.

2. She goes to sleep and signs offline.

3. Early in the morning, she heads to her office. She does

not log on to IM, but rhythIMs registers her presence

through her mobile phone.

4. She leaves her office briefly but returns and signs on to

IM.

5. From her past history, she is likely to be on IM but

working remotely until approximately 1:30 p.m. She

Fig. 1 The rhythIMs visualization for a single person
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normally goes home for lunch after class, but today she

works from her office where rhythIMs is installed.

6. In the evening, she is usually on IM remotely. She is

rarely in the office late at night.

To emphasize the group as a collective, we designed

rhythIMs to be a public display, making it a shared

resource and encouraging communication between the

people in the space (Fig. 2). Grasso et al. [18] found that

displays can be beneficial to peer groups, or ‘‘communities

of practice,’’ by providing visibility of the community to its

members. People who share a working environment are

presumably interested in maintaining awareness informa-

tion about each other since they may need to communicate,

collaborate, coordinate, or otherwise interact with each

other. Because many office work environments allow for

flexible and independent work schedules, co-workers may

not necessarily be present in the same space at the same

time. In this case, historical information detailing when

someone has been present and will likely be present again

could potentially be useful to people who often interact

(e.g., co-workers who share a workspace). Collocated

groups could find such tools useful if people are not always

co-present at the same time. This information could be

especially useful in the early stages of a working rela-

tionship, when people’s temporal rhythms are converging

with the rhythms of their collaborators.

We wanted to give people a sense of the current pre-

sence of a group of people but also enable them to see

presence patterns at the current time of day. To achieve

this, we created a dynamic visualization that consists of

two parts split by a vertical line (illustrated in Figs. 1, 3).

The layers to the left of the line indicate the presence

activity that has occurred so far within the day since

midnight. This information is only based on 1 day of data.

Thus, all of the layers are of the same height and represent

binary information; the person was either present or not.

The layers to the right of the line indicate the patterns of

presence activity that have aggregated throughout one’s

history. IM presence is detected by monitoring IM status

(e.g., if someone is offline or online). Physical presence is

detected by monitoring the presence of Bluetooth devices

that people can register with the system.

The visualization updates every minute. As the vertical

line moves across the screen from left to right over a 24-h

period (the far left being midnight and the start of a new

day, while the far right is 11:59 p.m.), the visualization

reveals the presence activity that has taken place so that

people can get a sense of daily patterns. Splitting the

visualization in this manner also enables people to see and

reflect on breaks in the patterns. It provides a picture of

what people’s recent IM and physical presence activity

looks like and compares it to what their historical activity

has looked like in the past.

To give people an overall sense of the collective’s

online presence and temporal patterns, while also showing

how the individual contributes to the collective’s patterns,

we represented a group of people as the aggregation of

everyone’s layers stacked on top of each other, with each

person assigned to his or her own color (see Fig. 3). The

idea of using layers was inspired by the Artifacts of the

Presence Era installation, which visualized patterns of

people’s evolving presence by using layers formed from

video images [36]. Layers can make it easy to see one

entity with respect to a larger whole, a benefit in both that

system and in rhythIMs. People can examine the patterns

exhibited by the individual and see how they contribute to

the collective by comparing one layer to the mountain

formed by the accumulation of the other layers.

3.2 Implementation

rhythIMs consisted of a visualization displayed on a 52’’

LCD flat screen display, connected to a Bluetooth scanner

via USB. The Bluetooth scanner detects devices registered

to rhythIMs profile owners as a proxy for physical pre-

sence. By using Bluetooth-enabled devices that many

people own already, such as mobile phones and laptops,

rhythIMs does not require users to carry additional devices

for identification or interaction.

The majority of the system was written in Java. When

the application is started, a Jabber client is instantiated on

the computer connected to the display. The Jabber client

connects to an Openfire server and uses the Echomine

Muse library to process presence messages that it receives

Fig. 2 The rhythIMs display
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from the server. Once logged into Jabber, the client signs

into all of the relevant IM networks through the IM gate-

way plug-ins installed on the server. The rhythIMs users’

screen names are added to the buddy lists of the IM

accounts we designated for rhythIMs. When a buddy’s

instant messaging status and availability changes, the

commercial server notifies the Jabber server, which, in

turn, notifies the Jabber client. When the client receives

these Jabber presence messages, it parses them to deter-

mine the buddy’s updated status and updates the rhythIMs

display.

A second Jabber client is used for data storage and

performs the same monitoring functions as the first client.

At each minute of the day, a buddy’s current instant

messaging status is sent to a MySQL database that stores

all of the presence data. Two separate Jabber clients were

used so that the visualization could run independently of

data collection.

3.3 Installation

rhythIMs was installed for a group of eight participants

over 5 weeks in a user study. We used convenience sam-

pling to select a group of graduate students at our institu-

tion, all working full time on research. Participants were

recruited via an email sent to the research group’s mailing

list and received a $20 incentive for participating. Eight of

the eleven students who regularly work in the office vol-

unteered to participate. They were all computer science

graduate students, worked in the same lab, and were

members of the same research group. They worked in the

office where rhythIMs was installed but maintained flexible

working schedules, with the exception of one participant,

Nathan, who worked in the office next door but frequently

visited the other office to interact with his colleagues. The

display was placed at the front of the office next to the door

to attract people’s attention as they entered and left the

room (Fig. 4). When seated at their primary workstations,

three people faced the back of the room, two the front, and

two others the side. However, people often looked toward

the front of the room when they were sitting at their desks,

as well as when they entered and left the office.

We collected IM presence information for all participants

and Bluetooth presence information for four people. The

remaining four participants did not use Bluetooth-enabled

devices or their devices were not compatible with rhythIMs.

Participants completed a pre-study questionnaire in which

they were asked to describe their current IM usage and pat-

terns, when they were typically in the office and how they

usually communicate with each of the other participants. They

were also asked to describe the IM and physical presence

patterns for each of the other participants. At the end of the

study, we conducted semi-structured interviews with each

Fig. 3 The rhythIMs

visualization for a group of

eight people

Fig. 4 The layout of the participants’ office and placement of

rhythIMs
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participant. The interviews averaged 53 min in length, rang-

ing from 23 min to just under 2 h. They were conducted in a

conference room near the participants’ office. During the

interviews, we asked participants to complete a pattern iden-

tification task where we generated individual rhythIMs visu-

alizations and asked each participant to label them with the

person whose presence patterns they believed matched each

one. This exercise was intended to encourage participants to

reflect on how their initial assumptions in the pre-study

questionnaire compared with actual patterns. We also asked

them about when they looked at the display, their motivations

for doing so, and how they made sense of the visualization. We

examined the interview data using grounded theory.

4 Results

The participants shared an identity as members of the same

research group and had shared the office space for several

months. However, they rarely interacted with each other

aside from brief face-to-face interactions in the office. Only

a small subset of the participants communicated outside the

office. According to their pre-study questionnaires, each

participant only had one to three other participants on their

IM contact lists. Communication over IM was rare and

generally reserved for urgent matters that necessitated

immediate responses.

What was particularly interesting to explore with

rhythIMs were the different levels of performance that it

produced, such as the interaction of giving data to the

system, looking at the display, watching people who are

looking at the display, or the interaction between members

of the research group caused by information shown on

rhythIMs. Previous work in public displays explored per-

formance through the act of sharing information [9, 30].

We focus on performance from the perspective of looking

at the display and reading the information, and how the

interactions between the research group affected and were

affected by rhythIMs.

4.1 Performing for an audience

The participants already had a good sense of their own

presence patterns and were able to describe their patterns

accurately in the pre-study questionnaire. All participants

reported looking at the display on a regular basis, usually

as they walked past the display when entering and leaving

the room or while sitting at their desks.

4.1.1 Performing for oneself

When speaking with the participants, they often used words

such as ‘‘reflection’’ and ‘‘reaffirmation’’ to describe their

experiences with rhythIMs. Implicit in this is the idea that

rhythIMs was mediating performances in which the per-

formers—the participants whose presence was on dis-

play—became their own audiences when they looked at the

display.

It helped make the lab more lively. Like I said, you

see a chunk of blocks and then you see, ‘‘Oh wait,

there’s a lot of people.’’… Even if the visualization is

running in my background, but it does bring to my

attention that there are a lot of people in the back-

ground… When I saw there was a lot of stuff,

immediately I have this notion: Okay there’s a lot of

people around me, and I hear a lot of background

noises. —Peter

For Peter, the visualization was a confirmation of what

he saw and heard in the office but had become tacit to him

over time. Because he had been working in the same office

with mostly the same people for over a year, the people and

noise around him had begun to fade into the background of

his attention. Seeing the group’s activity on the display

influenced him to re-experience the space, making him

more aware of when there were others around and

reminding him of their presence.

For the most part, participants did not report being

particularly surprised by any of the information revealed

by rhythIMs about their own patterns. However, even

when predictable, the system served as a commentary on

their activities. Despite reporting that they had a good

sense of what their own patterns were, the participants

described enjoying seeing what they already knew being

reflected visually on the display. rhythIMs became a way

for them not only to confirm their self-images but to have

what they thought about themselves confirmed by others.

rhythIMs provided a concrete metric for comparison with

others, as illustrated in Eddie’s surprise when he realized

during the pattern identification task that it was Peter and

not himself who was on IM the most:

That was really surprising to me that [Peter] was

online [all the time. It’s]… incredible. Yeah I defi-

nitely have a better idea of when he’s online and now

I think I’ll be more likely to actually get his screen

name because now I know how he’s presumably

available. —Eddie

Peter was also struck by this realization when he

completed the pattern identification task as well.

Although he had reported in his questionnaire that he

was almost always on IM, the information shown on

rhythIMs caused him to self reflect. This reflection was

due, in part, to the drastic visual confirmation of how

much more he was on IM compared to the other people

in his research group:
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It’s just a really fat line there. And I was like, ‘‘What

is that thing?’’ And I looked at it because I was trying

to figure out who it was. And then I was like, ‘‘Oh

that’s me!’’ —Peter

Although the participants did not report being influenced

to change their IM habits because of other people’s pre-

sence information, Peter revealed that the pre-study ques-

tionnaire influenced him to consider when and why he

turned off his computer and, consequently, his instant

messaging client. After taking the questionnaire, he deci-

ded to leave his IM on all the time and, as a result, reported

that the amount of time he spent chatting with friends and

contacts increased.

4.1.2 Performing for an imagined audience

rhythIMs mediated performances that took place across

space and time. Participants read the display after an

interaction with someone influenced them to look at it or

while the other participants were not co-present. An

implication of rhythIMs-mediating performances across

spatial and temporal boundaries is that there is the potential

for an expanded audience, beyond the immediate group, to

appear at any time. The performer conceives of the

potential audience for the display as imagined others. The

imagined audiences are diverse and could be comprised of

specific people that the performer anticipates might see the

display at a later point in time (e.g., the participants’

advisors, the other participants who work in the office or

the colleagues who work in the office but are not partici-

pating in the study) or an ambiguous population (e.g., any

person who passes by the hallway when the rhythIMs office

is open, visitors to the office or the building’s janitorial

staff). We found that despite participants claiming that they

either enjoyed or were indifferent to sharing their presence

on rhythIMs, there was an undercurrent of anxiety about

who could potentially see the displays.

If I see that a lot of people are there and I’m not, and

if, say for example, my advisor could find out, then

that would be a privacy concern. —Peter

I like, for example if people wanted to say that I’m

not in the lab, I’m not doing work or I’m not con-

tributing or something like that, I could go back to

this and say, ‘‘Hey I am in the lab a lot, and I am

working.’’ —Eddie

Here, Eddie and Peter were concerned about potential

imagined audiences who might view rhythIMs—or its

data—in the future. Although it was not institutionally or

formally acknowledged, being logged into IM or being

physically present in the office was considered a good

thing, because it meant that the participants were accessible

to the other members of their research group. In this way,

rhythIMs made visible actions that were judged positively.

Eddie and his colleagues felt accountable to each other for

their presence and absence at the office, at least during

normal business hours. Troshynski et al. [34] referred to

this as ‘‘accountabilities of presence,’’ in which people are

accountable to each other for their presence in specific

places at specific times. rhythIMs became a way for people

to fulfill their accountabilities by reaffirming to imagined

audiences that they were accessible and that they had a

presence. If they were not physically in the office, being on

IM was one way of remaining in contact with their

colleagues.

Accountabilities are associated with the ways in which

people understand and participate in space and presence. It

is often through exchanges of information that those ac-

countabilities are negotiated. Information is shared so that

people know for what and to whom they are accountable,

and others can see how they are fulfilling their account-

ability. Although rhythIMs did not necessarily influence

participants to change their behavior to match the presence

of their officemates, the display facilitated exchanges by

broadcasting information for actual and imagined audi-

ences. rhythIMs became a way for participants not only to

confirm their own self-images but to have what they

thought about themselves confirmed by others.

4.2 Performing for the group

Previous work in public displays has typically treated a

display’s audience as a homogenous collective [6, 25, 26].

However, from our interviews, it became evident that not

only were participants orienting toward audiences, but they

were also orienting toward specific subsets of people.

Because the participants experienced and were influenced

by various subsets of audiences in different ways, we found

it useful to differentiate between notions of collectives. We

found McGrath’s [27] definition of groups to be particu-

larly insightful for understanding how participants related

to these smaller sets of people. He defined groups as social

aggregates that involve mutual awareness and potential

mutual interaction, ‘‘the instruments for influencing,

shaping, changing the individuals who are their members’’

[27, p. 5]. People are influenced as they take into consid-

eration the groups to which they belong and what they

think other people expect of them.

The ways in which participants discussed their inter-

pretations of rhythIMs indicated that the display influenced

them to identify with groups and think about how much

they see themselves as part of a particular group (or see

themselves as being an outsider to a group). rhythIMs was

situated within a pre-existing group: the institutionally

defined research group. One participant, Eddie, saw
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rhythIMs as a means of reinforcing and reaffirming the

presence of his officemates:

The visualization kind of reinforced that there is this

group of people in this lab, working together… I

think maybe that way, there’s more of a connection.

These people, yes they’re in the lab, but they’re also

participating in this study. So I think it kind of reaf-

firmed who’s who in the lab. —Eddie

Here, Eddie drew a boundary around a group of people

who are working together in his lab and participating in

rhythIMs, and he included himself as part of this group.

Will, on the other hand, did not feel the same sense of

membership in a group that Eddie did, despite there being a

group defined on the display:

Even though in our visualization, you have the group

but to me, you have to have some sort of interaction

outside the visualization to feel like in the same

group. —Will

These quotes highlight two important points. First, they

revealed that assumptions of what it means to be a group

were built into rhythIMs. By listing the names of the people

on the display, rhythIMs created a group and drew an

explicit boundary between the people whose presence

information was included in rhythIMs and those whose

presence information was excluded. Other public displays

such as Nomatic*Viz [9] and the context, content, and

community collage [25] created similar groups, which

drew boundaries between the people who shared content

and those who did not. However, as Will’s statement

indicates, a group is more than a collection of two or more

people, speaking back to McGrath’s argument that a group

involves mutual interaction. Participants did not necessar-

ily feel like they were in a group together simply because

rhythIMs defined them as one.

Second, Will and Eddie’s statements show that people

can relate to groups as either seeing themselves and others

around them as being part of them or not. In other words,

groups have boundaries and criteria for membership. Both

Eddie and Will saw themselves as part of different sub-

groups with the other occupants of the office space, while

also being members of the same research group. What we

see here is that not only can subgroups exist and groups

overlap, but membership in a group is not uniformly

understood among all of the people involved. People have

idiosyncratic ideas for what constitutes a group and

membership in that group.

What these characteristics mean is that membership in

groups requires maintenance and reinforcement. A similar

phenomenon has been observed in research focused on

distributed and collocated organizations, in which task

force membership and team borders are fuzzy [23, 28].

These studies focused on working groups in organizational

contexts, whereas we are using groups as a way of

describing how people orient themselves to people around

them. The groups to which we refer do not necessarily have

to be organizational or institutionally defined. However,

the ambiguity of team borders has implications for con-

nectedness, social awareness and how people make sense

of each other.

4.2.1 Connectedness

The participants often spoke about subsets of people

around them as though they were part of a group, but they

did not articulate feelings about being a group as a whole or

of cohesion despite their overall orientation as a ‘‘research

group.’’ For example, when we asked Will about how he

related to other people in his research group, we had the

following exchange:

Will: Because I don’t have any intimate interaction

with those four [people]… To me, at this point, I

don’t have any particular [connection].

Researcher: So you didn’t feel any more connected to

them?

Will: No… Even though we are the same group but

actually we don’t have some kind of interaction

because me and Ray, we doing [sic] the same project.

That would make the difference.

Although Will recognized the way in which rhythIMs

defined a group of people, he did not consider them to be a

group without any explicit, direct interaction. Being in a

group, then, can be formally defined (e.g., the participants

whose presence information was captured and shown on

the visualization or the students in the research group), but

it can also be an experience that is felt via connectedness to

others in a group.

Group boundaries influenced how much information

participants wanted to know about others. Will identified

groups based on collaborations and how closely he was

working with others, and primarily looked at rhythIMs to

see information about the people in those subgroups. He

felt a connection to Ray, demonstrating that there can be

varying degrees of connectedness among the members of

a group. rhythIMs did not create and build the strong

rapport that researchers sometimes claim public displays

can build. However, it could strengthen pre-existing social

connections.

4.2.2 Legibility through social context

Zerubavel [37] described shared temporalities as a means

of building a group identity. One aspect of this is the

emergence or perception of a social pressure to conform to

1624 Pers Ubiquit Comput (2014) 18:1617–1629

123



the standards set by one’s community, to avoid social

scrutiny by one’s community. Systems such as rhythIMs,

which display information about individuals alongside

each other and facilitate comparisons, can intensify a fear

of being ‘‘abnormal’’ because by being different, you draw

attention to yourself and make it known that you stand out.

Part of being a member of the group meant that there is an

expectation that one participates in the shared temporality.

This is why the participants, as members of a research

group, were expected to work in the office when others

were also there, or at least to be accessible via some form

of communication (e.g., instant messaging) when people

might need to contact them.

One motivation for looking at the display was curiosity

about what the display said about others:

I saw Nathan once, and I was talking to him, and I

left, and I looked at [rhythIMs] because I wanted to

see how long he had been there because he looked

very tired. —Pablo

The interaction between Pablo and Nathan indicated that

there is a broader context to be considered when there are

other pieces of information that people know about each

other. The three forms of presence information that

rhythIMs provided leverages the idea that physical context

matters. One may interpret a friend’s online activity dif-

ferently if he knows that his friend is on IM at work or if

his friend is on IM at home. However, location is not the

only piece of information that is factored into interpreta-

tions of rhythIMs. The fact that Nathan looked tired could

have been interpreted as being up late partying, but because

Pablo knew that Nathan was in the middle of a research

project, he concluded that Nathan’s tiredness was the result

of working many long hours in the office (which it was).

Dey [8] defined context as any ‘‘information that can be

used to characterize the situation of a participant in an

interaction.’’ Context, then, is more than just location and

presence. The background knowledge that people have

about each other influences how they read and interpret

information and cues. The participants in our study created

complex interpretations for what they saw on rhythIMs,

based at least in part on their shared understandings of each

other’s lives. Because they had been working together for a

while, they interpreted the rhythIMs data based on their

existing relationships and what they already knew about

each other. For example, when asked about the thin layer of

presence that Ray exhibited, Peter explained that Ray had a

family, so he preferred to work from home to spend more

time with his family.

I just know them… I have a sense of how their rou-

tines [go] by deducing from because [Ray is] married.

And they have this sort of set routine schedule that

they have to follow… Ray is basically at home. —

Peter

Because Peter’s knowledge of Ray’s life framed his

interpretations of rhythIMs, he did not interpret Ray’s

presence information as a sign of non-productivity, but that

he was being productive remotely. By being situated

among a collocated group of people, rhythIMs allowed for

different interpretations of the data, because the partici-

pants know each other and have a context for everyone’s

actions. Even if two people have never directly interacted

with each other before, their collocation provides a shared

physical context for their activities. In Goffman’s terms,

‘‘unfocused interaction’’ takes place through mere copres-

ence, and people glean information about each other, even

when there is no direct communication or ‘‘focused inter-

action,’’ involved [17]. This is not unlike ‘‘cultures of

secrecy’’ [11], in which social settings give meaning to

how information is shared and understood. Similarly,

rhythIMs data had more meaning when it was interpreted

as part of one’s larger social, physical, and temporal

context.

4.3 Limitations

We are unable to discuss the participants’ interactions with

the remaining students who worked in the office but did not

participate in the study. The non-participants in the office

declined to be interviewed. We focused our interviews on

the participants’ interactions with each other, as well as on

the performance of looking at and reading the display. It is

worth noting, however, that in their experiences with

rhythIMs, the participants were also making sense of the

non-participants in the office and that the non-participants

comprised of an actual audience who was looking at the

participants’ information on the display.

The participants were graduate students conducting

research in a similar field as the authors. As a result, they

were potentially highly sensitive to the usage and impact of

research prototypes. Because the participants were gradu-

ate students, unstructured and flexible schedules were the

norm, and they were not as concerned with maintaining a

regular presence in the office. At the time of the study, the

participants were not working on projects together, so they

did not regularly depend on each other’s presence in the

office or on instant messaging. If rhythIMs had been

installed in a more structured environment such as a cor-

porate office, it is likely that people would be more con-

cerned about accountability and performing the role of

‘‘model employee’’ through rhythIMs.

Although it was not formally acknowledged, there was

also a sense of hierarchy among the participants. In this

structure, the students who had been in the graduate
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program longer were considered to be more ‘‘senior.’’ This

could have influenced participants to be more generous

toward the senior students in their interpretations out of

respect.

5 A performance perspective

5.1 An extended notion of audience

Audience is a natural way to think about experiences and

encounters with public displays, in which the audience

consists of the people who see the display or watch the

people interacting with a display. Previous research has

used performance to understand the role of the audience in

an interaction with technology in public spaces. Jacucci

et al. [22] argued that a performance perspective orients

toward experiences where participants are more aware,

consider the artifacts around them, and engage in a situa-

tion in reflection or perception in action. We have found a

performance perspective insightful for understanding

engagements and interactions around rhythIMs, because it

shifts the focus away from the user’s relationship with the

display and, instead, examines the role of the audience in

shaping the performer’s experience.

By virtue of the presence of an audience, the per-

former’s actions are influenced by the awareness that her

perception of the system is a performance for the audience

[7]. Reeves et al. [31] focused on the audience’s experience

of a performer’s interaction with a system, noting how a

spectator perceives an interaction as a direct result of a

performer’s actions. They present a framework that

emphasizes the importance of considering what aspects of

interaction are made available to the audience.

Benford et al. [3] extended Reeve et al.’s framework by

using Bateson’s notion of a performance frame to distin-

guish between performers and spectators. In Bateson’s

terms, a performance frame is the set of conventions,

supporting structures, and technologies through which

performers and spectators come to understand that a per-

formance is taking place, framing their expectations and

understandings of how to act [1]. Benford et al. defined the

performer as the constructor of the performance frame and

the spectator as the interpreter. They distinguished between

two types of spectators: first, the audience which includes

the spectators who are aware that a performance is taking

place and can interpret the performer’s actions as a per-

formance; and second, the bystanders, who are the unwit-

ting spectators outside the performance frame—that is,

they might observe the performer’s interactions but do not

interpret them as a performance and may be unaware that a

performance is taking place or its effects on them.

These works maintain a distinction between the per-

former and the audience, and focus on audiences that are

co-present with the performer, a perspective familiar to

HCI audiences through the seminal influence of Erving

Goffman’s work [16]. However, as Ginters [15] noted, the

audience is not simply nor always the sum of the individual

spectators. Audience members can take on multiple roles in

their encounters with performances, including that of active

participant and spectator, and can move between these

different roles. Drawing inspiration from explorations of

how people transition from audience to participant to per-

former [5, 30, 33], we orient our explorations with rhyth-

IMs on the perspective of the performers who became their

own audiences during its installation. This perspective,

then, brings more to bear on the accounts of participation

around public displays than simply an audience/performer

perspective.

If, as Goffman [17] argues, the mere presence of an

‘‘other’’ is enough to create a public gathering, it follows

that all individuals relate to all others who are present,

including bystanders, even when there is no direct

acknowledgement or awareness of their presence. How-

ever, when participants in the rhythIMs deployment

expressed concerns about who could potentially misread

the display, they were revealing the actors who are not co-

present at the performance but are still part of the per-

formers’ experiences. Because the performers related to

them, the imagined others became part of the gatherings

that Goffman discussed. Thus, in addition to the group as

audience, we extend previous definitions of audience to

include these potential imagined audiences. The audience,

from this perspective, is the imagined recipient of shared

content on a display or a performance—the imagined

others to whom performers are orienting themselves when

interacting with the public display.

A person does not become an audience member merely

by virtue of being collocated with the performer, nor is this

necessarily a requirement. Audiences are willed into exis-

tence through the performer’s imagination. If the performer

believes that someone is an audience member, they will

render that person part of the audience and orient behaviors

with him or her in mind. The audience does not have a

choice about involvement nor does the audience need to be

aware of or accept this role. Further, a performer can turn

someone into an audience member without having to share

the same space or time. For example, when Eddie imagined

his advisor looking at rhythIMs, his advisor was not col-

located with him at the time and was not aware of Eddie’s

vision of him as an audience member. Being an audience

member does not require shared knowledge between

audience members or acknowledgement between the per-

former and the audience.
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Because rhythIMs and other public displays mediate

performances that take place across time and space, a

performer’s audiences can become imagined and ambigu-

ous. The performer’s interaction, then, is physically and

temporally shifted from what the audience sees. Performers

may not have full understandings about how others view

them, because they do not know whether, when, or by

whom they are being seen through a display nor will they

always be able to control who the audience is and when

they appear. In our interviews with rhythIMs participants,

we found that the ambiguity of audiences was a source of

anxiety for their interactions and interpretations of rhyth-

IMs. Some performers dealt with this by imagining who the

potential audience members could be and how they might

react to content on the display.

5.2 Revealing factions and abnormalities

within a group

Participants’ descriptions of how they interpreted rhythIMs

suggested that each individual experienced other partici-

pants through the display in different ways, and these

experiences were often asymmetrical. For instance, Eddie

reported feeling more of a connection to Ted, while Ted

reported not feeling connected to anyone in particular.

Further, the boundaries people place around themselves

influenced how much information they wanted about oth-

ers. In our data, the result of this influence was limited

interest in people outside their own hazily defined social

groups. Instead, participants demonstrated only a passing

interest in those in the formal group who are outside an

individual’s sphere of interest (e.g., Pablo being curious

about how long Nathan had been in the office). rhythIMs

made these disparities more visible to participants as they

realized whose information they cared to view and whose

they did not. Here, rhythIMs revealed the factions within a

larger institutionally defined group.

Having a piece of information did not necessarily mean

that people would act upon it. Seeing that someone was

physically or virtually present on rhythIMs did not neces-

sarily entice people to go seek that person out in person or

on IM. Although the participants theoretically had access to

presence information before the display was installed,

rhythIMs aggregated and presented it in a way that con-

firmed patterns that had been speculative assumptions

before. Showing this information on a public display forced

people to make decisions about whether or not they wanted

to act on it. Even if they chose not to act, they still had to

take into account that this information had been seen, and

they may be held accountable to that knowledge. Thus,

visibility not only engenders accountability to others, it

suggests new forms of accountability to oneself and one’s

choices to interact with others.

Because rhythIMs facilitated the comparison of infor-

mation by displaying information about a group of people

alongside each other, it could intensify fears of being

abnormal or standing out from the rest of the group. For

example, Ray’s thin layers of presence were especially

noticeable against Peter’s layers. The fear of being

abnormal reflects the ‘‘dual nature of surveillance data’’ of

being simultaneously protective and invasive [24]. People

have both a desire and fear of being monitored: there is a

desire to be included in the data surveillance net and to be

creditworthy; yet, they fear how they are represented in

data banks. The dual nature of the rhythIMs data was

reflected in the ways in which the participants related to the

display. rhythIMs was described as being protective in the

sense that it gave participants credibility for working and

being in the office. Looking at the display could also be an

indication that someone was concerned or cared, rather

than one of surveillance, as illustrated by Pablo’s encounter

with Nathan. Yet, at the same time, participants reported

feeling like they were being ‘‘watched’’ or ‘‘exposed’’

through the display. There is an undercurrent of social

accountability in this dual nature of data. If people are

accountable to their bosses for being productive, then they

may experience anxiety about their information being

misinterpreted or taken out of context. At the same time,

the presence data on rhythIMs could also validate them if

their performance is ever questioned, as Eddie pointed out.

People wanted to be visible in particular kinds of ways to

particular kinds of people.

One might imagine that rhythIMs, along with other

systems that monitor, log and display people’s activity,

could be perceived as a ‘‘technology of power,’’ especially

in a setting where people are using it to track the temporal

patterns of their institutional subordinates. Foucault [14]

refers to ‘‘technologies of power’’ as techniques through

which power is exercised; a dystopian approach to one-

sided social control. Technologies of power can define

power relations in everyday life. What defines a surveil-

lance system is the unequal power relationship between the

watcher (the audience) and those being watched (the

performer).

The environment where rhythIMs was installed was not

characterized by the interdependency and task account-

ability features that characterize many workplaces. Such

factors would intensify the fear of surveillance and moni-

toring. In our study, however, the participants were of

equal power and status (colleagues in the same research

group), so they did not express serious concerns about

surveillance.

Rather than framing systems such as rhythIMs that

monitor, track, and record presence information solely in

terms of surveillance and privacy, it is, instead, useful to

reflect on them in terms of social accountability to
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understand the relationship between presence and sociality.

When people become their own audiences on public dis-

plays, they can see how it is that they, or others in their

groups, are different from everyone else. When people

viewed their own individual data on rhythIMs, they were

examining themselves in terms of how others were repre-

sented and thinking about what they needed to do to be a

successful actor in a particular social sphere. Robertson

[32] argued for the importance of enabling awareness of an

individual’s perception of their own actions in supporting

interaction between people. People continually imagine

how they are perceived by others, including imagined

audiences and the actual audiences who see the display.

Because people are inherently social, they view themselves

in terms of how to be a competent actor in this new realm.

They study how others around them are acting and imagine

how they, themselves, are seen by others.

6 Conclusion

In this research, we sought to understand interaction as

going beyond the user and an interface, and used a per-

formance perspective to highlight the complex relations

that figure into interaction in public spaces. Public displays

are becoming increasingly prevalent, and researchers and

interaction designers necessarily make assumptions about

the users who encounter these displays. Thus far,

researchers have largely used the concepts of the group and

the audience as if they are the same, homogeneous cluster

of people in a physical space. We extended the conven-

tional notion of audiences by considering performance in

terms of different audiences and different degrees of par-

ticipation, and demonstrated the role that imagined audi-

ences play in affecting the experience of a public display.

By differentiating between audiences and groups, we are

able to identify and speak to the specific, heterogeneous

collectives rhythIMs mediated. We demonstrated how

interpretations of rhythIMs were influenced by orientations

to different collectives and described the ways people can

participate alongside each other as part of those collectives.

We focused on the performance of looking at rhythIMs

and what the implications were for the members of the

group. In future work, we will explore the other levels of

performance and interactions that rhythIMs mediated, such

as the performance of watching a co-present audience read

the display, and examine the implications between differ-

ent kinds of performance.
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