Facilitating Team Awareness Through Ambient Displays

Sarah Morrison-Smith
Barnard College
New York, USA

smorriso@barnard.edu

ABSTRACT

Due to the COVID-19 pandemic, research is increasingly
conducted remotely without the benefit of informal interac-
tions that help maintain awareness of each collaborator’s work
progress. We developed AmbiTeam, an ambient display that
shows activity related to the files of a team project, to help col-
laborations preserve a sense of the team’s involvement while
working remotely. We found that using AmbiTeam did have a
quantifiable effect on researchers’ perceptions of their collabo-
rators’ project prioritization. We also found that the use of the
system motivated researchers to work on their collaborative
projects. This effect is known as “the motivational presences
of others,” one of the key challenges that make distance work
difficult. We discuss how ambient displays can support remote
collaborative work by recreating the motivational presence of
others.

Author Keywords
Collaboration; remote work; awareness; ambient display

CCS Concepts
*Human-centered computing — Empirical studies in
HCTI;

INTRODUCTION

With the advent of the COVID-19 pandemic, research is in-
creasingly conducted remotely without the affordances of in-
formal interactions that enhance fluidity and interactivity in
teams. Remote collaboration has always faced numerous chal-
lenges, such as decreased awareness of colleagues and their
context [31] and limited motivational sense of the presence of
others [31]. Awareness of one’s collaborators is necessary for
ensuring that each teammate’s contributions are compatible
with the collaboration’s collective activity [12]. It also plays
an essential role in determining whether an individual’s actions
mesh with the group’s goals and progress [12]. The motiva-
tional sense of the presence of others complements awareness
by producing “social facilitation” effects, like driving people
to work more when they are not alone [31].

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions @acm.org.

CHI’20, April 25-30, 2020, Honolulu, HI, USA

© 2020 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ISBN 978-1-4503-6708-0/20/04. .. $15.00

DOI: https://doi.org/10.1145/3313831. XXXXXXX

Lydia B. Chilton
Columbia University
New York, USA
chilton@cs.columbia.edu

Jaime Ruiz
University of Florida
Gainesville, USA
jaime.ruiz@ufl.edu

Figure 1: Example visualization of a team’s work-related ac-
tivity which was featured on a tablet with an ambient display
in each of our user’s workplaces. The visualization shows
activity from five fictional teammates using randomly gener-
ated data. Each member of the team has their own area graph
where each point represents the activity for that day.

Similarly, a researcher’s perception of their collaborator’s ef-
fort in a project can profoundly impact collaboration [9]. In
particular, researchers tend to feel anxious about the success
of their collaboration when they are concerned that competing
priorities result in less commitment to the project [9]. The
shift to remote work likely exacerbates this challenge since
remote researchers lack the awareness of their collaborators’
activities.

Together, these challenges pose a significant challenge to col-
laboration. It is essential that we address these challenges,
given that the efficacy of science significantly improves when
researchers from diverse backgrounds collaborate on a project
[8]. We hypothesize that since a heightened awareness of a
collaborator’s research activities might reveal project prioriti-
zation, improved awareness could lessen the anxiety caused
by uncertainty regarding a collaborator’s investment. While
various existing systems improve awareness in remote teams
[5, 6, 16, 17, 24, 26, 32], no solution exists that solves the
challenge of perceived prioritization.

To this end, we developed a system, AmbiTeam (shown in
Figure 1) to improve a researcher’s awareness of their col-
laborator’s project-related activity. The system tracks and
visualizes file changes in user-specified project directories to
indicate how much effort or work a collaborator has put in
on the project. We performed a user evaluation of the system
with ten researchers in co-located and remote collaborations
to investigate the effect of ambiently providing project-related
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activity information on a researcher's work behavior and per- [22, 24] and power [19]) consumption, improving driving [11,
ception of effort. We found that AmbiTeam had some impact 33], monitoring nances [34], and assisting time management
on a researcher's motivation to work on the project as well as during meetings [29].

perceptions of their collaborators' effort. The key contribu-

tions of this paper are: Some ambient systems have been developed to support col-

laboration by tackling the issues of determining availability
Increased understanding of how to facilitate team awarenesg[1, 7]. One system, “Nimio,” used a series of physical toys to
. I indicate the presence and availability of collaborators in sepa-
A deeper understanding of the motivating effect of aware- 46 of ces [7]. Toys in one of ce would cause associated toys
ness on work behavior in other of ces to light up with colored lights when they de-
New insights into the impact of increased awareness On_tected_ sound and movement, |n_d|cat|ng that a collaborator was
perceptions of remote collaborators' effort in their of ce and communicating whether the collaborator
appeared to be busy. Alavi and Dillenbourg [1] placed colored
PRIOR WORK light boxes on tables in a student space that allowed students

We examine studies on awareness-based systems for supportlQ indicate their presence, availability, and the coursework they

ing collaboration as well as existing solutions for unobtrusively W€ cur];rer%tly worcliqng on_srcl) thhat an?l/ given lséudﬁlntbcould be
providing information via ambient displays. aware of other students with whom they could collaborate.

Streng et al. [35] used ambient displays to convey information
Awareness-Based Systems about the quality of collaboration between students working
Several technologies were developed to help remote workerson a group task. In this paper, collaboration performance was
become aware of their collaborator's research activities. For measured by evaluating student adherence to a collaboration
example, tools that inform members of remote teams about thescript that speci ed different phases and tasks to be carried
timing of each other's activities and contributions have been out by individual team members. Performance information
shown to affect team coordination and learning [6]. Further- was communicated to the student participants either via a
more, systems that provide real-time, often visual, feedback diagram featuring charts and numbers or an ambient art display
about team behavior can mitigate “process-loss” (e.qg., effort) showing a nature scene featuring trees, the sun or moon, and
in teams [17]. Some early technology (e.g., [5, 16, 26]) sometimes clouds and rain.
featured permanently open audiovisual connections between
locations, with the idea that providing unrestricted face-to- Research Questions and Study Goals
face communication would enable collaborative work as if the \we hypothesize that promoting awareness by providing up-
researchers were in the same room. to-date information about a collaborator's project activities

Recently, Glikson et al. [17] created a tool that visual- will affect a researcher's perception of their collaborator's
izes effort, which is determined by measuring the number &ffort. To avoid dramatically changing work habits, we pursue
of keystrokes that members of a collaboration make in a task®" @mbient-based approach where information is conveyed

collaboration space. They found that this tool improved both Without requiring the attention of the user. In pursduit of these
team effort and performance [17]. A number of modern sys- 902!, we sought to answer the following questions:

tems have been developed that typically focus on noti cations RQ1. Can tracking le activity give teammates a sense of
to provide awareness [25] which are generally considered their teammates' efforts?

disruptive [2]. Given the importance of reducing “dramatic

changes in work habits” [30], it is likely that an effective RQ2. Will ambient information about team project activities
system needs to be as unobtrusive as possible. affect perceptions of collaborators' effort?

RQ3. What effects will the provision of team project activity

Ambient Displays information have on work behavior?

In contrast to the methods employed by existing awareness

systems, ambient displays are information sources designe

to communicate contextual or background information in the %YSTEM DESIGN

periphery of the user's awareness and only require the user'sPrivacy and Scope

attention when it is appropriate or desired [18]. Methods for Project effort is dif cult to characterize as it includes activities
conveying information via ambient displays include the use that are impossible to track (e.g. thinking about a project)
of light levels [10, 21], wind [27], temperature [37], music or are potentially sensitive (e.g. emails, phone calls). In
[3], and art [18]. For example, one of the earliest ambient order to respect the privacy of users, we avoid monitoring
systems, “ambientRoom”, used visual displays of water rip- activities such as phone calls and emails and instead focus on
ples to convey information about the activities of a laboratory the activity of les in user-speci ed project directories. This
hamster and light patches to indicate the amount of humanallows AmbiTeam to observe project activities related to the
movement in an atrium [21]. Ambient displays are not lim- various stages of the research life-cycle identi ed by prior
ited to immersive environments and can also take the form of work [28]. For example, during experimentation, the system
standalone media displays that allow multiple people to simul- will be able to detect changes in electronic lab notebooks
taneously receive information [10]. Applications of ambient and cheat sheets used by researchers [28] as well as data.
displays include educating users about resource (e.g., wateAmbiTeam will also observe data analysis by tracking changes



in analysis code or scripts (also discussed in [28]) as well

Our participants sought to answer a variety of scienti ¢ ques-

as generated output. Furthermore, the system will be abletions, which can be broadly summarized as:

to monitor publication preparation by detecting changes in
writing-related materials.

Activity Tracking

Activity is detected using a desktop application that monitors
speci ed directories for le creation, deletion, and change

events. AmbiTeam rst prompts the user to select a directory

Understanding Faunal Change: identifying what hap-
pens to animals during the major climate events called the
paleocene-eocene thermal maximum. (Team A).

Enable Communicative Mechanisms Between Humans
and Computers: bringing together human's natural lan-
guage capability and computers' data processing capability

to be watched, and on the back end, monitors the meta-data of to allow peer-to-peer collaboration between humans and

the directory's les without viewing the le's contents. Once
a le or directory in the watched directory is created, deleted,
or changed, the user's ID and the time of the le event is
encrypted and sent to a server.

Displaying Activity

The number of activities occurring each day for each user is
visualized in the form of a point on an area graph. An area
graph for each collaborator is displayed on a tablet, showing
each day's cumulative activity in real time. The height of the
graph on each day indicates the total amount of activity at

computers. (Team B).

Personalized Computer Security: using personal infor-
mation to accomplish security tasks like authentication and
malware detection. This includes extracting nuanced per-
sonal information, such as vocal characteristics, from easily
obtained information, such as pictures of people's faces.
(Teams C & D).

Procedure
Participants were each given a tablet with AmbiTeam'’s display,

that time and the area of the graph shows the total amount ofhad the activity monitor installed on their work computers, and

activity over the course of a two week window. Activity is

were instructed on how both the activity monitor and the visu-

normalized across the team to facilitate comparisons betweenalization worked. Participants then completed a pre-test where

team members. An example is shown in Figure 1.

METHOD

Participants

they estimated the amount of effort that each participating
researcher is putting into the project, including themselves, on
a scale from 1 to 9 with 1 being “very low” and 9 being “very

high.” Participants were also asked to explain the reasoning
behind their rankings. Over the course of four weeks, on two

To determine whether AmbiTeam facilitates team awarenessrandomly chosen days a week, participants were asked to re-

we recruited 10 scientists who are part of four existing col-

peat this assessment via email. During this time, AmbiTeam's

laborations across four institutions in the United States agedvisualization was turned off in order to prevent participants

21 to 33 (n= 27:3, s = 3.5, three females). Each of the
collaborations is labeled A-D. The research area, title, and

from consulting the visualization, since the goal was to deter-
mine whether the system's use affected their perception, not

group of egch participant is presented _in Table 1. Participantswhether they could read the chart. To minimize visualization
were recruited inter-departmental email and our methodology downtime, participants were given up to 24 hours to respond

was approved by our institutional review board. The con g-

uration of the teams patrticipating in this study ranged from
fully remote (team A) to fully co-located (teams C and D).

Team B had a mixed composition where participants B2 and
B3 were co-located while B1 and B4 were each at different
locations. All co-located teams worked in the same of ces as
their collaborators and reported working closely together.

Table 1: Participant backgrounds.

ID Research Area Title

Al Biological Anthropology Post-Doc

A2 Vertebrate Paleontology Ph.D. Student

B1 Eé)g’rlﬁiuntgr Vision and Machine Master's Student

B2 Computational Linguistics Post-Doc
Computer Vision and Human- .

B3 ComSuter Interaction Masters Student

B4 Human-Computer Interaction Ph.D. Student

C1 CyberSecurity Ph.D. Student

C2 CyberSecurity Ph.D. Student

D1 CyberSecurity Ph.D. Student

D2 CyberSecurity Ph.D. Student

with their assessment.

At the end of the study, we conducted semi-structured inter-
views with the participants. By using the semi-structured
interview technique, we were able to cover additional topics as
they were encountered, reducing the likelihood that important
issues were overlooked [23]. When possible, interviews took
place at each of the participant's primary workspaces (of ces
or labs). Participants located at remote locations participated
in the interviews over Zoom [20]. Interviews were approx-
imately 30 minutes in duration and were recorded in audio
format, then transcribed.

Participants were rst asked to educate us about the collabora-
tive research that they participated in during the study includ-

ing their roles on the project(s) and the goal(s) of the research.
We then asked participants to discuss their experiences using
AmbiTeam as well as any changes they would propose and
their likelihood of using the system in the future.

Qualitative Data Analysis

We performed a bottom-up analysis of participants' responses
by constructing an af nity diagram [4] to expose prevailing
themes in their perceptions of AmbiTeam.
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