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Figure 1: Evaluating participant perception of videos of how chairbot movement can affect human behavior. Video of one chair interacting with one human shown to participant
(left). Video of one chair interacting with multiple humans (middle). Proposed 3D environment of multiple people interacting with chairbots in immersive spatial context (right).

ABSTRACT
As robots become embedded to greater extents in human envi-
ronments, mobile furniture robots could be used to create narrate
expressive movement to influence user behavior in a room. To inves-
tigate how different robot movement may affect the way humans
perceive the robot’s expressiveness, responsiveness, and spatial
presence, we created video prototypes of chair-robots (chairbots)
interacting with individuals or dyads. We used crowdsourcing to
evaluate how people perceive these different movements, providing
a quantitative overview of which particular movements are par-
ticularly effective in engaging perception for expressiveness and
responsiveness. This work provides a still-in-progress understand-
ing of perceptions of mobile robotic furniture actions in spatial
contexts, suggesting future design strategies for real-life smart
furniture interventions.

CCS CONCEPTS
• Human-centered computing → Interaction paradigms; Em-
pirical studies in HCI.
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1 INTRODUCTION
Machines in everyday life can influence human perception of their
behaviors through robotic movements. For example, in the context
of robotic furniture, a moving ottoman may be interpreted as offer-
ing foot support or signaling a request to remove one’s foot [17].
This extends to broader everyday environments, where individuals
exhibit social responses to robotic devices. Humans might perceive
an automatic door as a spatial limitation or react to the intentions
and desires of a robotic trash bin [20]. The functions of robots
provide clues to their anticipated behavior, and this is especially
evident in the increasing use of smart furniture in environments
like event venues, restaurants, cafes, or exhibition centers. Here, the
need to move a large number of chairs or partitions automatically
not only reduces manual labor but also introduces new challenges
in coordinating these movements in spaces occupied by people,
where spatial applications involving more complex and dynamic
automated systems [2]. We decided to focus on the chair robot [7],
which can move autonomously in space while serving the purpose
of furniture, providing an example of a robot whose functional
movements can affect human perception.

Studying how humans perceive and understand the nonverbal
cues of robots [8] is crucial for future development of autonomous
furniture systems. Understanding whether specific movements are
interpreted positively or negatively is essential for enhancing the
design of human-robotic furniture communication. To investigate
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how robot movements communicate their intentions to affect hu-
man behavior, we selected an instrument whose interaction with
humans has previously been studied in spatial contexts: the chair.
Chair-robot movements can explicitly signal purpose and agency
[7], leading human subjects to interpret them as actionable re-
quests. Using autonomous mobile chairs (chairbots), designers may
influence human behavior through interaction with humans using
programmed sequences of movements.

Although previous work has shown that bystanders have differ-
ent perceptions of chairbot movements [2, 7], the perception of the
interaction of a diverse range of chairbot movements with both indi-
viduals and multiple humans has not been explored. To investigate
how particular chairbot movements with humans communicate
their intentions to affect human behavior, we designed a series of
chairbot movements involving single and pairs of humans, and uti-
lized crowd-sourced video evaluations to probe human perception
of robot movements in spatial contexts.

This work provides an assessment of how humans perceive and
are impacted by the movements of mobile robotic elements, ex-
amining aspects such as responsiveness, relational dynamics, and
expressiveness. We explored what are effective chairbot movements
for communicating intent to humans in particular situations, and
provided a framework for future integration these insights into
practical applications.

2 RELATEDWORK
2.1 Design of machine movements
A critical way we communicate with others is with nonverbal cues
like posture, facial expression, and movements. Communicating
with machines like user interfaces and robots rely on some of the
same metaphors we apply to humans, such as “whether the system
understand me,” “where is it telling me to go,” “what is going to hap-
pen now,” etc. Effective communication with machines require an
understanding of how humans interpret movements and nonverbal
cues of machines.

Studies of movement in human-machine communication have
focused on understanding situations when humans use movements
in different contexts to communicate to real or artificial agents [16],
and in designing systems that detect and respond to human ges-
tures. When people were allowed to evaluate the gestures of robotic
agents, a study found that they prefer gestures most like their
own [15], analogous to unconscious mimicking of gestures dur-
ing human conversations. In a study with mechanical ottomans,
a furniture robot was able to get people to rest their feet on it, as
well as understand a cue for getting their feet off: an up and down
gesture [17]. Other work has explored movement from a perfor-
mance art perspective [13, 14] using robotic lamps, micro-machines,
and robot arms, for example, that elicit human compassion and
understanding by creating a story of a troupe of robots that perform
when the audience is not looking [9–12].

The chair robot was used in a study to get people to move out of
the way after using overt movement behaviors like moving forward-
backward or side-by-side while it moved across the room [7]. In that
experiment, different physical chair movements communicated the
idea that the human subject should move out of the way so it can
get to the cabinet. Of the three movements used, the one most able

to get humans to move away was the back and forth movement,
suggesting that bystanders best respond to clear communication
strategies and don’t want to be interrupted. Another study of chair-
bots movements in-the-wild evaluated the effectiveness of four
movement tactics in convincing passersby to join a ChairBot Chess
Tournament. The finding of this study suggests that Forward-Back
motion was the most effective strategy in getting people to come to
the table and play chess, while Spinning was the worst. The findings
also suggest that future robots could be effective in attracting partic-
ipants to activities they may already find enjoyable. Together these
robotic furniture studies show that robots can communicate with
humans with movement behaviors, and that humans will perceive
them with different efficacy depending on interpretation.

2.2 Design for social influence
By understanding the way human perceptions and actions are
shaped by spatial arrangements and movement behaviors, we can
design for purpose using patterns that situate machines and their
actions in specific contexts. A related concept is “Mindless Comput-
ing,” which uses persuasive technology on a subconscious level to
do good [1], showing how System 1 (automatic, subconscious pro-
cessing system) output can be sent to System 2 (decision-making,
conscious processing) in a way to affect behavioral change. System
1 strategies don’t rely on human motivation and self-control but
rather on reflexive interventions that trigger behaviors without
burdening the user.

Machines can exert their influence in collaboration with humans.
One study described a paradigm based on human-like competencies
like intentional action, collaboration, navigation, and learning [18].
In the context of robot planning of navigation, they introduced
a model describing robot and human navigation as a two-way
process require sensor data and active avoidance. The intention of
humans is investigated in a work that uses a theory of mind kept
track of by the robot to infer the human plans and needs help [5].
The robot and human make collaborative decisions, with the robot
calculating a model of the human’s intention, making its actions
less intrusive. Similarly, data-driven approaches have been applied:
in a “Mars Escape” game involving a robot with another player, a
study showed that in-the-moment interpersonal dynamics affects
interaction quality in a search-and-retrieval task with a human
astronaut and a robot on Mars [3].

The research detailed so far takes place almost exclusively in
the lab, but people interact with machines in complicated social
settings. One group calls for research labs to go to workplaces,
homes, and public arenas to study the complex dynamics involved
when robots are asked to work with multiple people following rules
of social interaction inherent in the public domain [6, 19].

These studies indicate that movement made by autonomous
agents also shape human emotional response. To investigate how
particular chairbot movements communicate their intentions to
affect human behavior, we created videos of human-chair interac-
tions and used crowd-sourced surveys to see how people perceive
different chair movements.

The relationship of the chairs to the actors should depend on
the chair both initiating change and being receptive of change.
The chair has a relationship with the actors such that it can show
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understanding, disagreement, and responsiveness, while also being
able to perform actions that communicate meaning. Therefore, we
hypothesized that the perceived most-expressive chair movements
will also show a high rating of the chair’s responsiveness.

3 METHODS
Building on previous research that assessed the impact of three
specific chairbot movements on bystanders [7], we brainstormed ad-
ditional interactions involving one or more chairs and one andmore
participants to identify possible strategies for potential interactions.
As a team, we listed out possible interactions involving humans
and chairs into a table, and eliminated unfounded designs to our
application. We then designed and created a set of movements that
involved one or more people interacting with one chair that has
agency, or with multiple chairs that work with or against each other.
These movements are meant to capture stereotypical interactions
with robotic chairs, and included the following (Fig. 2). “Follow
me”: the chair moves forward in space in the direction it wants the
person to go. “I understand”: the chair moves back and forth to
signal acknowledgment. “I am not going”: the chair shakes left and
right to indicate it can’t move. “I am occupied”: the chair shakes
so that the human can take a different seat. “I am available”: the
chair slides behind the human to show that it can be sat on. Other
one-to-one movements deal with human-chair co-locomotion, and
include the following. “I am tracking You”: the chair rotates in the
direction of the human walking. “After you”: the chair lets the hu-
man go first when they encounter each other by stopping. “I avoid
collisions”: the chair walks around the preoccupied human who is
on a cell phone, while she is not cognizant of the interaction. “I am
on a mission”: the chair does not stopping for anyone as it moves.

Table 1: Stereotypical Interactions Types We Designed

Interact with one chair Interact with multiple chairs

Follow me I am not going Work together Let’s help out
I understand I am occupied Sit on me please Let’s focus
I am available I am tracking You Let’s walk together Stop moving
After you I avoid collisions Let’s go
I am on a mission

We further designed a set of interactions based on scenarios of
multiple chairs helping to promote certain types of activities with
multiple people, including the following (Figs. 3). “Work together”:
two chairs arrange themselves opposite each other to promote peo-
ple talking to one another. “Sit on me please”: two chairs compete
to see where one human will choose to sit. “Let’s help out”: one
chair comes into a situation with two humans and only one seat and
offers itself to one of the persons. “Let’s focus”: the chairs arrange
themselves aligned looking forward so that two humans can sit
on them and focus on material on the wall. “Let’s walk together”:
two chairs align themselves in speed so that the two humans fol-
lowing them can chat together. “Stop moving”: two chairs bind
the moving human so that she cannot go forward or backward
in space. “Let’s go”: a chair pushes for a human to get up from

Figure 2: Examples of one-chair to one-person movements on video. “I understand”:
chair moves back and forth to acknowledge recognition. “I am available”: chair slides
behind human to indicate presence. “I am on a mission”: chair doesn’t stop for human.
“I am tracking you”: chair directs front towards the location of the human wherever
she goes. “I avoid collisions”: chair goes around human who doesn’t notice because
she’s on a phone. “I am occupied”: chair shrugs to indicate the seat is taken so she
should go elsewhere.

a different chair and start moving. These movements are all di-
rected at influencing human behavior and how they cooperate by
using chair-based interactions like locomotion and demonstrating
particular arrangements.

We used green screen recording to simulate the movements of
chairs and their interactions with humans. Next we made green-
screen recordings of the interactions with student actors. One actor
wore a green screen suit controlling the chairbot’s movements
to play the role of the chairs, while two actors served as human
participants. A chroma key is used to convert green-screen content
to a background image of the wall in Adobe Premiere, and the
results are cropped to the same size. We used third-person points-
of-view because they are the easiest to understand when compared
to first-person viewpoints, and allows us to see the other human
in the context better. Note that applied Wizard of Oz prototyping
for this study and did not need actuators for the 360 degree of
movement for the chairs.

A total of 16 videos are shown to human workers on AmazonMe-
chanical Turk without any labeling (n=50, 27 female, 23 male). We
adapted a previous survey on human judgement of social attributes
of robots [ROSAS] [4] to ask participants about the perceived re-
sponsiveness, relationship dynamic, expressiveness, and spatial
presence of the chairbot in the video. Participants are asked to rate
for each video under the following criteria: “Chair was responsive to
the person” (Responsive measure), “Relationship between chair and
the person in the scene is satisfactory” (Relationshipmeasure), “This
chair is very expressive” (Expressive measure), and “The person in
the scene is affected by the chair’s presence” (Affected measure).
The Responsive measure examines perception of the chair’s reac-
tion to the person’s actions, while the Affected measure studies
perception of the person’s reaction to the chair’s actions. In addition
to the ratings, qualitative questions like “Describe what you saw,”
“What’s the chair’s intent?”, and “What is the chair communicating
to the person?” are also given to the workers and the answers are
coded by two independent raters whose correspondence is tested
using Cohen’s kappa.
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Figure 3: Examples of video-recorded multi-chair multi-person interactions that
influence human behavior, viewed from side and from above. Amazon Mechanical
Turk studies used on the videos on the left side without labels. “Let’s help out”: a
moving chair helps out a group of humans who are short on chairs by showing up
and making itself available. “Let’s go”: a moving chair urges a human to get out of her
seat and walk. “Let’s focus”: two chairs arrange themselves to make two humans look
at the content in front of them. “Stop moving”: two chairs stop a human on its track
so she has to stop. “Work together” two chairs face each other to encourage humans
to meet each other and chat. “Sit on me please” two chairs compete for the sedentary
attention of a single human.

4 RESULTS
To see how ratings vary with the question asked and the inter-
action video showed, we ran a two-way ANOVA using Interac-
tion*Question as explanatory variables, and found Interaction, Ques-
tion, and Interaction:Question to be significant (p < 0.05). Posthoc
test (Tukey) reveals Expressive-Affected, Responsive-Expressive,
and Responsive-Relationship to be significantly different, but that
Responsive and Affected ratings are not significantly different
(p=0.6014), indicating that whether chair serves as agent of change
or subject of change by the person does not affect ratings about its
expressiveness and relationship with the person.

Summary data (Fig. ??) shows that “I am on a Mission” scored
the lowest in all questions except Affected, because the chair acts
independent of the person in going its own way. Interactions with
high ratings on Affected tends to have high Responsive scores also,
as suggested by the posthoc comparison (e.g. "I am Not Going,"
"Stop Moving," and "Let’s Go.") "I Avoid Collisions," "I am Tracking
You," and "After You" all scored low on Affected because the person
goes her own way without being interrupted by the chair in both
cases. The proportion of variance attributable to Interaction is 0.15,
to Question, is 0.027, and to Interaction: Question is 0.23, showing
the different responses to each question based on the video.

To see how each of the questions correlate with each other on
each video of interaction, we ran a multiple regression model using
Interaction*Question as explanatory variables (Multiple R2=0.4004).
Only the coefficients for the Relationship and Responsive questions
are significant, suggesting that the other variables may be correlated
with these two, so that regression only need these two to explain
the ratings. If we ran separate linear models for the ratings to each
separate question, we get a similar result, where for the Responsive

and Relationship data, the R2=0.4617, and 0.4243, respectively, but
for the Expressive data, R2=0.2002.

To verify this finding, we computed the correlation coefficients
between data from Responsive and Expressive (0.5657), Relation-
ship and Expressive (0.1502), and Affected and Expressive (0.2239).
This shows that Expressive is not a great explainer for the ratings
because it correlates with Responsive, which explains a great deal
of variance in the data. This lends support to one part of the hy-
pothesis that chairs that appear to be responsive to the person in
the video is perceived as expressive, even though its behavior is in
reaction to the person.

Figure 4: Human ratings on questions: (1) Affected "the person in the scene is affected
by the chair’s presence"; (2) Expressive "this chair is very expressive"; (3) Relationship
"relationship between chair and the person in the scene is satisfactory"; (4) Responsive
"chair was responsive to the person" for each of the videos of chair-human interactions.
Different gestures showing different ability for each gesture to influence participant
perception.

5 DISCUSSION
This study shows that people’s perception of whether chair ex-
pressions are affecting humans is linked to whether chairs are
responsive to humans. This supports the idea that chairs and hu-
mans as perceived in the video affect each other mutually, so that
agency from one side is reflected in agency in the other. Both sides
of the influence are reflected in the question of expressivity, which
summarizes the interactions between chairs and people.

The methods utilized here allow us to evaluate which robotic
movements are effective in communicating intent and response to
humans using crowd-sourced data evaluation. For example, “Let’s
focus,” “I am Occupied,” and “Stop Moving” are most effective at
evoking perception that the chair affects people by performing the



Sit on me please" CHI EA ’24, May 11–16, 2024, Honolulu, HI, USA

Figure 5: A visual representation of the highest rated chair movements for each
combination of questions representing perceptual categories. The colored areas are
associated with each of the 4 questions shown in Fig.4. Overlapping areas in the Venn
Diagram indicate high ratings to multiple categories for that particular gesture.

gesture. On the other hand, chairs in “Follow Me,” “I Understand,”
and “Let’s Help Out” are best perceived as being responsive to the
human. In particular, “I am Available” and “Let’s Help Out” score
high on both responsiveness and ability to affect, giving them a
perceived high level of relationship with humans in the scene. We
also noticed that the “I am Tracking You” movements is perceived to
be highly responsive to the actor while not affecting her behavior at
all (Fig. ??). This means that the “Tracking You” gesture itself would
not change the way participants behave. This led us to further
employ the “Tracking You” movement in future studies in virtual
environments. This video prototyping strategy allowed us to plan
and posit certain chair movements asmaximally effective at evoking
particular responses from humans.

6 LIMITATIONS AND FUTURE WORK
We employed crowdsourcing to analyze how autonomous furniture
movements influence human perception. Our research focuses on
four dimensions: perceived relationship with chairs, responsiveness,
expressiveness, and affectedness in space. Particular movements
like ’Tracking You,’ is perceived to be especially responsive to the
user. However, our studies utilizes videos of interactions that occur
in lab. The question remains: how do these movement-based influ-
ences function in real-world scenarios and impact human capacity,
perception, and intended behavior? Conducting in-the-wild studies
is difficult but yields data likely to be replicable in future systems [2].
While images and videos cannot replicate the realistic impact of
spatial robots, we propose that experiencing chairbot movement in
immersive spaces provides a framework for understanding inter-
actions in more natural settings without constructing a physical,
mechanically controlled agent. We also did not use first-person
points of view for the study, which may limit the usefulness of
the data for modeling how people actually behave in space when

interacting with the furniture robots. Instead, we uncovered infor-
mation about their perception of the entire setup as a prototype of
the interaction as from third-person viewpoint.

Figure 6: Proposed future work to involve participants in VR to mimick chairbots
movements in environments more akin to real-life situations. (left) Proposed partici-
pant in VR. (middle) VR environment for mimicking a group discussion enabled by
circular chair arrangement. (right) Paths taken by mobile chairbot in VR context.

In the next phase, we aim to model real-life situations in VR. We
will create scenes where chairbots use movements like ’Tracking
You’ to prototype physically unfeasible movements in the envi-
ronment. This approach captures the explicit, movement-based
influence of our work, placing it in an interactive space that cannot
be fully experienced through video prototypes. Additionally, in
VR, we can assess movements across different dimensions in vari-
ous spatial scenarios, and can immersively simulate scenerios like
chairbot were used to recruiting chess players in the wild which is
studied by previous work [2]. VR can prototype real-life examples
such as the ’Let’s Focus’ gesture, that can be applied in an educa-
tional setting to promote students to pay attention, while ’Let’s
Work Together’ can be used in the group ideation phase. Meanwhile,
communicative movements like ’I Understand’ and ’I am Occupied’
can be utilized in crowded conference applications to indicate who
has access to a seat.

Conducting experiments in VR also enables more participants to
be online at the same time than in real life, and supports the explo-
ration of how robot movements affect multiplayer interactions. To
simulate realistic scenarios of spatial influence with robotic chairs,
we plan to create situations of physical chair use in a room, where
chairbots dynamicly arrange themselves for group discussions, de-
bates, and presentations. In the VR environment, the chairbots can
move between scenarios, mimicking how smart furniture can alter
participants’ capabilities and actions in natural settings. This begins
to explore how robots using different nonverbal cues and move-
ments can organize people’s activities in a shared space throughout
the day.

7 CONCLUSION
Our research explores the realm of mobile furniture robotics, focus-
ing on robotic chairs and their potential to alter human perception
through expressive movements in communal spaces. We designed a
range of chair bot behaviors, examining their interactions with both
individuals and groups. Utilizing crowdsourcing, we quantitatively
evaluated public reaction to these varied movements, gaining in-
sights into how these robots’ actions are perceived across different
dimensions. This study paves the way for future investigations,
such as simulating chair bot movements in VR immersive environ-
ments, with the aim of applying these discoveries in real-world
scenarios and enhancing human-robot interaction strategies for
everyday use.
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