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The design of a workplace can have a profound impact on the effectiveness of the workforce utilizing the
space. When considering dynamic social activities in the flow of work, the constraints of the static elements
of the interior reveals the adaptive behaviour of the occupants in trying to accommodate these constraints
while performing their daily tasks. To better understand how workplace design shapes social interactions, we
ran an empirical study in an office context over a two week period. We collected video from 24 cameras in a
dozen space configurations totaling 1,920 hours of recorded activities. We utilized computer vision techniques,
to produce skeletonized representations of the occupants, to assist in the annotation and data analysis process.
We present our findings of socio-spatial formation patterns and the effects of furniture and interior elements
on the observed behaviour of collaborators for both computer-supported work and for unmediated social
interaction. Combining the observations with an interview of the occupants’ reflections, we discuss dynamics
of socio-spatial formations and how this knowledge can support social interactions in the domain of space
design systems and interactive interiors.
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1 INTRODUCTION

The built environment inherently shapes the social interactions we have with each other every
day [33, 45, 51]. From schools to hospitals to cafés, certain types of social behaviours are encouraged
while others are discouraged. Social norms dictate some of these interactions but others seem to
emerge from interior elements in the space (e.g. furniture configurations, wall positions, computing
devices) [22, 51]. For example, people gravitate towards seats which reduce the visual exposure
of their computer screens [2]. When getting an opinion from a colleague on a document, sitting
shoulder-to-shoulder, indicates a deeper level of collaboration and a longer time commitment than
speaking face-to-face [33].
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In 0 ce contexts, it is becoming more important to understand the in uence of the spatial
aspects on social interactions and have the o ce design process explicitly support the desired
interactions. The quality of social interactions have a profound impact on the e ectiveness of
the workforce [3, 12 23. Also, o ce layouts are becoming less standardized and are being more
creatively designed, resulting in greater variations and diversity of desidgit [An architect or
designer may intend to support speci ¢ work styles and various collaboration spaces, but whether
their design intent has the desired outcome is di cult to say yet.

Several theories rooted in social science describe spatial arrangements of people that can be used
to analyze how people occupy space during social interaction®roxemic$2?), four discrete
interpersonal zones were introduced where people are most comfortable during di erent types
of social interactions. Thé&-formation frameworkor facing formation R7) illustrates diverse
formation shapes with social spacing and body orientations. However, these theories were focused
on standing situations, especially for face-to-face interactions and is challenging to apply to o ce
contexts. In recent o ces, the ubiquitous use of mobile computing and wireless communication
increases thecological exibility[35 in the o ce and allows social interactions to be more uid
and dynamic.

Therefore, theobjective of our study is to understandocio-spatial formatioria the o ce
environment in relation to furniture con gurations, interior elements, and the type of interactions
(i.e. computer-supported and unmediated), as outlined in Figure 1. Socio-spatial formations are
de ned as the arrangements of people during social interactions including micro positioning of
bodies, orientations, distances, and formation shapes (e.g. linear shape, L-shape). Using social trails
as a metaphor, where similar ad hoc paths are formed by people repeatedly preferring to take a
di erent route than where the sidewalks are placed, we aimed to explore how the ndings on socio-
spatial formations could inform future o ce interiors, similar tdearning by doingractices BZ
andevidence-based desapproach [45].

To achieve these goals, we conducted a two-week ethnographic study using 24 cameras (Figure 1).
Our camera setup covers a diverse set of space con gurations including common and personal
spaces, diverse desk sizes, desk arrangements, and interior elements. To preserve the privacy of
occupants during the analysis, we converted the video into skeletonized representations using
computer vision techniques, and developed a custom software tool (Skeletonographer) to play back
and annotate the footage.

We rst analyzed the skeleton data using thematic analysid][and found all the formation
shapes that occurred in the o ce. Inspired by Lawso83 and KendonPp7], we then de ned a
socio-spatial framework that includes ten formation shapes and three desk-relative arrangements.

Fig. 1. Objectives and overview of our study.
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Using that as our analytical lens, we re-analyzed the data by annotating with our framework and
found socio-spatial patterns in relation to the interior setup and interaction type. Occupants were
interviewed and asked to re ect on their behaviours and we corresponded their answers to observed
formation patterns to understand space perceptions that cause certain patterns.

Our study provides three contributions to the human-computer interaction (HCI) and computer-
supported cooperative work and social computing (CSCW) community: 1) We revealed socio-spatial
formation patterns in relation tanterior elementandtypes of social interactiomsth corresponding
occupants' space perceptions. In addition to static formation patterns, we also reported patterns in
formation transitions. 2) We proposed a dynamic concept of socio-spatial formations and discussed
how this knowledge can support social interactions in the domain of space design systems and
interactive interiors. 3) We proposed a computer-vision based ethnographic method which is
applicable for other eld studies using anonymized skeletons.

2 RELATED WORK

Our research bridges existing work @ocio-spatial theoriemdspace-relevant human behavioie
reviewed the related work in the following four topics: 1) theories behind socio-spatial formations,
2) the in uence of physical o ce spaces on social behaviours, 3) techniques for shaping physical
o ce spaces that facilitate social interaction, and 4) pervasive sensing to understand occupant
behaviours in spaces.

2.1 Theories Behind Socio-Spatial Formations

There have been several e orts in HCl and CSCW to understand spatial patterns during social inter-
actions in the physical space with the goal of informing interactions for ubiquitous environments.
One schematic framework iBroxemicsvhich was coined by Edward Hallf] to illustrate spatial
relationships (distances) in everyday social interactions. He proposed four discrete interpersonal
distances found in American culture: thatimate zone (0 0.45 m), thepersonakone (0.45 1.22 m),

the socialzone (1.22 3.66 m), and thaubliczone (>3.66 m). This contributed fwoxemic interac-
tions[9, 19 61] that use spatial distances as an input; however, the system is somewhat abstract,
only considering point-to-point distances and standing interactions. Inspired by Som&@&mho
looked into spatial arrangement as a function of group tasks, social relationships,and individual's
personalities, we build upon proxemics theory by considering the diverse spatial constraints im-
posed by the physical interiors, sitting and standing states of occupants, and collaborative situations
where people do not necessarily face each other.

Similarly, F-formationsvere proposed by Adam Kendo2T] to illustrate spatial formations with
social spacing and orientation. The framework decomposes a socio-spatial arrangement into an
o-spacend ap-spaceo-spacés the convex, empty space surrounded by the people involved in a
social interaction, whereag-spacés the space that contains the bodies of the people involved in the
interaction. In HCI, F-formations contributed to the domain of human-robot interactions [25, 30],
multi-device interactions (e.g. kiosks and tabletop display3), 37, 55 57], and technologies
embedded in physical environments (e.g. in the kitchen, cubicle walls or information centté&s) [
37,43. We applied this framework to Human Building Interactions (HBI) and utilizEgformations
as our analytical lens to evaluate how people occupy spaces in a given o ce setup during social
interactions.

Beyond the two major theories mentioned, some researchers have tried to analyze people's
micro-behaviours (e.g. formation transitions, body gestures, poses and actions) in the physical
environment. Shapiro et al. proposéateraction geographpp( to map visitors' movements and
social activities on a museum oor plan to understand socio-technical practices in museums. Krogh
et al. [29 introduced three concepts of socio-spatial literacproxemic malleabilityproxemic
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threshold and proxemic gravityto describe space-dependent behaviours such as pointing at a
display or rolling their chairs to re-orient themselves . Motivated by these works, we explored
how interior elements including various sized desks, types of desks, walls, partitions and desk
arrangements can in uence the occupant's formations and poses. We denote these interactions as
socio-spatial formations.

2.2 Understanding the Influence of Physical O ice Spaces on Social Interactions

For decades, researchers from multiple disciplines such as architecture, sociology, psychology, and
environmental behaviour have attempted to understand how the design, layout and interior of
physical spaces a ect human behaviouwt, 22 49 51]. Sommer p1], the pioneer of social design

in the eld of environment behavior psychology, argued that minor adjustments in furniture
arrangements could induce alternative social behaviours. For example, chairs arranged into small
groups around tables could encourage more active interactions. Speci cally in o ce contexts, the
mainstream approach in the late nineties was to investigate the in uence of physical environments
on communications$, 11, 17 and productivity [23. For example, levels of communication and
creativity increased after occupants moved from an enclosed layout to an open lagoLf][ Still,

the scienti c rigor of these ndings has been challenged due to scattered empirical evidetit € f].

Recently, studies inspired from the tradition epace syntaf24 have looked deeper into the
relationship between o ce spatial layouts and social interactionq in architecture and HCI.
Researchers found that social interactions were predominant in printing rooms and kitcHeR& ]
as well as in workstation areasti, 44. However, most of them have focused on statistical analysis
using only the frequency of interactions as the independent variable.

In this paper, we extend the works above by looking at social interactions from a micro-
perspective, looking at how physical interior elements in uence socio-spatial formations, ar-
rangements, and poses, instead of measuring the frequency of interactions. We argue that this
approach is signi cant for informing o ce space design where furniture and architectural layouts
act as behavioural constraints. Only a few works in HCI and social behavior study the relationship
between social formations and physical environments, including a tourist information cer&g [
table shapesid], display angles in a museun2f], and seated positions near common desk8 p1].

We build upon these approaches in o ce environments with more varied devices, interior elements,
and di erent types of desk con gurations.

2.3 Towards Physical O ice Spaces that Facilitate Social Interaction

Several attempts rooted in HCI have been made to gagsicalo ce spaces that enhance work
experiences in terms of space analysis [2, 40] and interactive systems [8, 15, 53, 63].

2.3.1 Space Analysik analyze the physical characteristics of a spapgce syntak24 has been
proposed to quantitatively analyze spatial formations and their impacts on human experiences in
architectural studies. A popular example is thisibility graph[5§, which visualizes the mutually
visible locations in a spatial layout. Extending that concept, Nagy et &l] pvaluatedsocial
congestionsing space topology. However, there is room for improvement to simulate more realistic
social interactions in a given interior setup.

Therefore, we extend the work of Backhouse et dlWho used an ethnographic approach to
understand natural social interactions in the o ce and observed social formation patterns in-the-
wild. Building upon the approach aflata-driven desigi5 48, our encompassing goal is to argue
for the inclusion of occupants' space usage behaviours in space design and analysis.

2.3.2 Interactive Interiors for Social Interact®everal interactive techniques for robotic furniture
have been proposed to enhance work experience by overcoming spatial constraints in HCI. The
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Fig. 2. Oice space used in our study.

majority of them focused on single-person usage scenarios. Bailly e8pinfroduced an actuated
monitor, a mouse and a keyboard that adapts to the user's behaviour, while Wu e83lpfo-

posed the concept of an responsive monitor that helps users maintain ergonomic poses. A similar
approach was applied to desks or tables; for example, a desk that shape-shifts to support user's
work preferences$(, and automatic height-changing desk34]. Moreover, robotic furniture that
moves around the space based on human behaviour has also been demonstrated [42, 54].

Few works convey social interaction scenarios for interactive interior elements. Takeuchi et
al. [53 introduced the concept of aveightless walthat blocks sound using headphones and Dan-
ninger et al. LY proposed the cubicle partition that changes it's transparency, both works based
on the body orientations of the parties involved. Shape-changing desks were recently introduced
to manage the notions dhteraction proxemids medical consultationsgq and informal meet-
ings [20. This work is highly motivational for our research, and we contribute by investigating
how socio-spatial behaviours including poses and formations should inform interior elements to
enhance collaborative experiences.

2.4 Pervasive Sensing to Understand Occupant Behaviours in Spaces

To understand how environmental resources impact people's experiences, the notjperedsive
sensinghas been introduced, which is a technique that continuously observes individuals and their
interactions. Several researchers leverage a combination of a pervasive sensing systems to analyze
space-use behaviours using ambient and wearable devices such as blob sensors with Bluetooth
wrist-bands b, 59, RFID badges][3, tracking tags & Zigbeesq? or infrared sensors for indoor
localization P2]. These techniques are useful for collecting data anonymously; however, these do not
convey details of occupant behaviours. Therefore, we extended the traditional ethnographic study
with anonymous pervasive sensing by utilizing computer vision techniques to produce skeletonized
representations of the occupants.

3 METHOD

To understand how interior elements and desk con gurations in uence the social formations in
the o ce, we conducted observations of occupant poses and spatial arrangements in physical
spaces. Our experimental setup consisted of 24 cameras installed at pre-selected locations as seen
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Fig. 3. Oice layout used in the study. Grey circles indicate camera positions, and blue regions indicate
camera coverage.

in Figure 3. We built upon traditionadligital ethnography31] by using skeletons of individuals
rather than using raw video data. The skeletons were generated using computer vision through
the OpenPose libraryl4, capturing features as connected vertices corresponding to features on
the human body as seen in Figure 5. We explored this approach in an e ort to improve privacy,
especially when dealing with the public. To make observations and annotate the skeletons, we
implemented a custom video tool (Figure 6). As a result, our study demonstrates that ethnographic
studies using skeleton data have potential for future in-situ social studies.

3.1 TheOice

Our study area (Figure 2) was a section of an o ce occupied by the research division of a global
software company located in North America with a relatively at hierarchy working culture. The
study area had 60 employees from multicultural backgrounds and countries including Canada, US,
France and Korea. The organization was structured into three research groups, and collaborations
within groups were usually for work updates, brainstorming, discussing issues, and information
sharing. However, informal social interactions occurred frequently between groups as well.

The study area was 102 ft x 70 ft and composed of a main oor and mezzanine with various areas,
including: private workspaces (cabins), open o ce areas, meeting rooms, and corridors as shown
in Figure 3. All the employees had height-adjustable desks with articulating monitor arms for a
partially customizable work environment. The devices people used varied from multiple desktop
workstations to a single laptop.

3.2 Space Configurations

From our informal observations prior to the o cial study period, we observed that social interactions

in the o ce often occurred near desks accompanied with papers, displays and/or laptops. The

common des#reas (i.e. meeting rooms) were utilized for long-term collaboration, whigesonal

deskareas were more commonly turned into temporary social spaces by visits from co-workers.
Our observations covered both common desk areas and personal desk areas, and we assumed

that di erent space-usage interactions could exist between them. We also covered varitargor

elementsncluding partitions, walls, con gurations and various desk sizes as shown in Figure 4.

Common desks were mostly located with a xed large display at one end of the desk and were

in meeting room spaces surrounded by four walls. We selected three common desk areas with

di erent desk sizes (Figure 4-top) for our study. All personal desks were the same size, therefore,
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