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Abstract 

In robotics, there have been countless developments in robot arms (e,g. [1],[2]); but fewer 

investigations of robot surfaces. Most investigations of robot surfaces (e.g. origami robotics 

[3],[4] and expandable mechanisms [5]) are characterized by having rigid actuators within a 

fixed, physical frame occupying a large spatial volume [3],[4],[5]. There has been little research 

on larger-scale, continuum robot surfaces – compliant surfaces that morph to define habitable, 

physical spaces (physical environments) shaping human activities. The larger researcher team 

and I will iteratively design and prototype such a surface—what we call a “Space Agent” to: (1) 

physically reconfigure interior environments, especially those confined, to make “many spaces” 

within the same compact enclosure; and (2) serve (to an extent to be determined) as a partner 

to the human worker by providing “human” kinds of support, as afforded by this machine.  

My research contribution will be specifically the testing and iterative design of the robot surface 

for the use case of a designer performing a design task in a small work space. “UX designers” 

(N=15) will role-play a scenario and the robot surface will be evaluated initially for usability and 

user experience, which will inform the redesign of the prototype. Following this iterative design 

cycle, the iterated robot surface will be evaluated for the efficacy of the human-machine 

interaction using the same role-playing protocol, measuring the time it takes to complete the 

tasks, errors made, numbers of products produced, and their quality as judged by a panel of 

design experts based on established metrics for creativity. For comparison, the same tasks will 

be undertaken by role-playing “UX designers” in a small workspace but without the robot 

surface.  

In the treatment condition with the space agent as compared to the control condition, we expect 

to find more efficient and prolific, creative output of higher quality with fewer errors in basic 

tasks. Being physically compliant, the robot surface is also expected to ensure safe human 

interactions compared to a robotic system made of rigid physical components. Potential 

applications for such robot surfaces include the interiors of fully autonomous vehicles, the 

interiors of space craft (transporting astronauts as far as Mars) and space habitation, hospital 

patient rooms, and assisted living facilities that demand higher-performing interior environments, 

and small offices and apartments in markets where real estate is excessively costly and land for 

development is scarce. 

What is my PhD research? 

Architecture robotics is defined as “interactive, [at least] partially intelligent, meticulously 

designed physical environments” [6]. For my PhD research, I will iteratively design, prototype, 

and evaluate a key component of an “architectural robotic” [6] environment: a continuum robot 
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surface. In the course of the research, I will also evaluate the usability of this novel technology, 

the user experience (UX) with it, and its efficacy or how well users and this technology, 

working together, accomplish working tasks. My use case for this research is a User 

Experience1 (“UX”) designer designing a desk lamp in her small office fitted with one or more 

continuum robot surfaces. User tests will evaluate the developing prototypes in the context of a 

scenario elaborating a short time-span of in the designer’s working life in this small space 

outfitted with this new technology. The scenario on page 6 of this proposal offers a sense of 

how the robot surfaces interact with “Alane,” a UX designer. (Reading the scenario now might 

be useful to gain a better sense of the research vision.) 

Why is this topic worth exploring? 

For robotics and more broadly, interactive and intelligent cyber-physical systems, this research 
is expected to develop a design exemplar of a novel category of robots. For architectural 
design, this research offers an exemplar of an interior environment designed to physically 
reconfigure itself to create spaces suited to the activity of its inhabitant(s). Such an interior 
environment serves as more than a passive vessel for human activity and more an interior 
environment that actively supports and even, to a degree, “partners” with its inhabitant(s). For 
Human-Computer Interaction and Human-Robot Interaction (HCI and HRI), the robot surface 
developed in this research is expected to redefine the human-environment relationship as 
architectural or spatial – an interaction that occurs all around us rather than an interaction 
between a person and an object. More broadly, the novel, robot surface developed in this 
research has potential application for society; it literally and figuratively transforms confined 
spaces that increasingly define our private and working lives as our cities densify and as we 
move about in vehicles that do not require us to drive them. 
 
Why is this use case worth exploring? 

This research would be meaningful to designers and other “creatives” working in small spaces 

based on the following rationales:  

1) Informed by our literature review, the spatial reconfigurability could positively impact 

“work environment satisfaction” and “creative work performance.” Meanwhile, positive 

interhuman relationships, such as partnership and friendship, could also contribute to 

“creative work performance.”  

2) Continuum robot surfaces are compliant surfaces that could reconfigure habitable, 

physical spaces. This “reconfigurability” is especially valuable for a small space which is 

required to be “many spaces” in one space for various human activities. Meanwhile, by 

designing “continuum robot surfaces” as “space agents,” the robot surfaces could enable 

a kind of “partnership” between the robot-embedded work space and users. 

3) “Work environment satisfaction” and “creative work performance” are very important to 

the working life of designers and other “creatives.2” 

In sum, continuum robot surfaces implemented within a small work space could afford spatial 

reconfigurability and a semblance of human-machine partnership which may positively influence 

                                                            
1 A User Experience (UX) designer is a designer focused on “creating products that provide meaningful and 

relevant experiences to users” (www.interaction-design.org). 
2 People who are “creative, typically in a professional context” (www.google.com); “someone who sees the world 

a little differently than others” (https://goinswriter.com/what-is-a-creative/). 
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creative workers’ “work environment satisfaction” and “creativity.” Thus, we believe that applying 

“continuum robot surface” technology to a small work space for the designer and other 

“creatives” is meaningful. 

Designers and broadly “creatives” are classifications of workers too broad as study subjects for 

my research. I choose, more precisely, “UX designers” as this is a category of designer readily 

available to me at Cornell, and one with which I am familiar. I expect that this research, in its 

application, will however generalize to other creatives including architects, interior designers, 

film makers, and (potentially, also) scientists and engineers.  

Literature Review 

“Continuum Robot Surface” as “Space Agent” 

Physical environments will become more interactive and more intelligent due to more capable 

and less expensive computer-embedded systems. Within this broader domain, my research is 

informed by the theoretical model, CASA (Computer as Social Actors) [7], and particular a 

manifestation of CASA, “The Media Equation” [8]. The Media Equation is a general 

communication theory that describes the tendency of people to interact and communicate with 

computer media as if it were a human being [8]. Many psychological experiments studying 

human interactions (e.g. [7], [10], [11]) have been used to inform human-computer interaction 

design. Design researchers initially applied these psychological findings to virtual, avatar 

designs. More recently, however, design researchers have been transferring “common 

interpersonal communication phenomena” [9],[8] to computer-embedded systems such as 

robotic furniture [12] and social robots [13].  

In the Architectural Robotic Lab at Cornell, my colleagues and I define a “space agent” as a 

computer-embedded, intelligent, physical environment (such as an intelligent work space) or the 

active component of the same, that may be perceived by its human inhabitants as something of 

a partner. Careful observations of human-human interaction together with a thorough literature 

review of human-human interaction uncovers the character of a human-machine interaction in 

which a worker and a space agent work together. The space agent, manifested as a continuum 

robot surface in my research, is a key component of an interactive and intelligent, physical 

environment which actively reconfigures itself to support human activities based on its 

perception of task goals and context. Heron in this proposal, I refer to the “continuum robot 

surface” as a “space agent.”  

“Space Agent” as Partner 

Why do we believe a “space agent” could become some kind of beneficial “partner” to a human 

being, especially a creative worker? What does this partnership mean to creative workers? 

What impact could a “space agent” have on users? And finally, what are the previous examples 

that might inform the development of this novel technology and its interaction with humans? 

This section provides a brief literature review as responses to these questions.  

Three Key Characteristics of a Good Partner 
Bratman [14] proposed the concept of “Shared Cooperative Activity” (SCA) and the “trio of 

features characteristic of SCA” which are “mutual responsiveness,” “commitment to joint 

activity,” and “commitment to mutual support.” With current AI technology, “space agents” could 

respond meaningfully (“mutual responsiveness”) to a user’s activity by understanding current 
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tasks and inferring users’ needs through non-verbal behaviors (“commitment to joint activity,” 

and “commitment to mutual support”). Being responsive, supportive, and committed qualifies a 

“space agent” as a “partner” according to the characterization of a “Share Cooperative Activity.” 

Thus, we believe that “space agent” can potentially serve as something of a “beneficial partner” 

for human users.  

“Physical Environment Supports” Increase “Creativity” 
McCoy and Evans suggest that environmental supports (social and physical) are salient to 

creativity [15]. Amabile and his colleagues [16] have studied how social environment could 

impact creativity. Meanwhile, McCoy and Evans argue that “just as the social environment 

provides support, the physical environment may reflect and reinforce that support” [15]. This 

literature suggests that “physical environment supports” may positively impact creativity. As 

elaborated in Table 2, the “space agent” we are developing affords five “physical environment 

supports” or what we call “capacities”: “facilitation,” “spatial organization,” “simulation,” 

“presentation,” and “stanchiation.” By providing users “physical environment supports,” a “space 

agent” could increase users’ creativity at work. 

“Control over Space” increases “Work Environment Satisfaction” 
Previous studies suggest that workers’ perception of control over the physical workspace allow 

them to better focus on their tasks [17]. The literature also suggests that “locus of control” and 

“perceived control” could positively influence “workplace preferences” and “job satisfaction” [18]. 

Following from this understanding, “space agents” allow users to easily control the spatial 

configurations of their offices. For example, a user could gesture (by moving his or her arm) the 

office to return to its former spatial configuration if the new configuration is not preferred. The 

“space agent” also helps users to control their ambient environment. For example, it could 

provide privacy and block noises. Thus, by providing a better “control over space,” we anticipate 

that that “space agent” will increase users’ “work environment satisfaction.” 

“Partnership & Friendship” increases “Creativity” 
In a recent New Yorker article, James Somers described how the partnership and friendship 

between two engineers at Google has become a powerhouse of creativity [19]. Productive pairs 

of workers complement each other in a dynamic way, cultivating a good relationship (friendship) 

which in return positively influences a complementary partnership [19]. Likewise, Michael [20] 

argues that creativity is born from collaborations and friendships among the collaborators. 

“Space agent” is designed to be a partner for users as offered in the previous section, “Three 

Key Characteristics of a Good Partner.” For example, the “space agent” could proactively 

reconfigure the interior space to support users’ activities by observing and analyzing (by, e.g., 

webcam) their non-verbal behaviors. This interaction pattern, directly drawn from human-human 

partnership, is translated to the human-machine partnership. By being a “good partner,” we 

believe a “space agent” could contribute to users’ creativity at work. 

Architectural Robotics as a Capacious Room 
My research is situated within the domain of “architectural robotics,” an emerging sub-field at 

the interface of architectural design, robotics, and human-computer interaction. “Architectural 

robotics” is described as an “interactive, partly intelligent, and meticulously designed physical 

environment” [6]. An “architectural robotics” example closely related to my dissertation project is 

the “Animated Work Environment” (AWE) of our lab, which is a reconfigurable work station 

featuring a wall of multiple, hinged, robotic panels – a 1D robotic surface characterized as 

“hyper-redundant” [21]. Compared to “AWE,” the “space agent” employs a novel category of 2D 
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“continuum robot surfaces,” expands the scale of spatial reconfiguration to the whole office, and 

emphasizes specifically the relationships between the robot surfaces and users through more 

sophisticated interfaces.  

Comparison: Space Agents, Humanoid Partners, and Mechanical Tools 
In this section, we will compare what “Space Agents,” “Humanoid Partners,” and “Mechanical 

Tools” offer creative workers in the capacities of providing “Physical Environment Supports,” 

“Control over Space,” and “Partnership & Friendship” (see Table 1). We defined “Space Agent” 

earlier, and the meaning of “Humanoid Partner” is characterized in the literature [22],[23],[24]. 

Here, we define “Mechanical Tools” as both conventional manual and powered tools that don’t 

exhibit agency or intelligence as a core characteristic.  

 Physical Environment 
Supports 

Control over Space Partnership & 
Friendship 

Space Agent Yes Yes Yes 

Humanoid Partner Limited (robot could provide 
“facilitation” but not support 

in the environment) 

Limited (robots could 
manipulate object and 
could reconfigure the 

environments in the way a 
human might, manually) 

Yes (humanoid 
has agency) 

Mechanical Tools Limited (User need to 
manually specify every 
single support needed, 

which is not very supportive) 

Yes (a mechanical tool 
could allow users to 

reconfigure the 
environment) 

No (tools do not 
have agency) 

Table 1. Comparison: Space Agent, Humanoid Partner, & Mechanical Tool 

According to the literature review, “Space Agents” could provide “Physical Environment 

Supports,” “Control over Space,” and “Partnership & Friendship” which could potentially 

increase “Work Environment Satisfaction” and “Creativity” for creative workers. “Humanoid 

Partner” could become a partner or friend to users, however, reconfiguring physical space is not 

its specialty. An environmental scale “Mechanical Tool” could reconfigure the space, however, 

users need to manually specify (such as pushing buttons) every single support he needs, which 

is not helpful in developing a partnership. Thus, we believe a “Space Agent” has the best 

chance to improve “Physical Environment Supports” and “Creativity” at work for creative 

workers. 

Objective and Research Questions 

For the larger robot surfaces research project, I will lead design activities in a multidisciplinary 

research team that is iteratively designing, prototyping, and evaluating the robot surface we call 

a “Space Agent.” My own doctoral research – a distinct part of the larger ambition – is focused 

on the interaction studies (usability, user experience, and efficacy) for the use case of the 

creative worker in a small office. More precisely, the aim of my dissertation is to investigate 

interactions between the continuum robot surface (or surfaces) and a creative worker 

(specifically, a UX designer charged with the task of designing a desk lamp) within a small (i.e. 

confined) office. My research questions are as follows: 

1) How might a robot surfaces as “space agent” physically configure the environment in 

support of human activity? (What are the robot surfaces’ distinct, physical configurations, 

and why these?) 
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2) What kind of human-robot interactions can and should be enabled between the robot 

surfaces and the creative worker, and to what end? 

3) What impact would the robot surface (as space agent) have on the creative workers and 

their work activity? (Does the space agent reduce errors, increase productivity, increase 

work environment satisfaction, and/or increase quality of work?) 

Completed, Current, and Proposed Work 

Completed Research  

Towards the larger robot surfaces research ambition, the research team and I have already 

completed several research activities: 

I. Theoretical Foundations (I led this activity.) 

I did literature reviews of “Computers Are Social Actor (CASA),” “The Media Equation,” 

“Grounded Theory Coding Methods,” “Design Partnerships,” and “Joint Actions.”  Dr. Green and 

I also reviewed literatures in “Computer Supported Cooperative Work (CSCW), and in the 

domain of architecture, “Creative Work Places” and “A Pattern Language.”   

Informed by communication theories (CASA & “The Media Equations”), and as has been 

conveyed for interactive and intelligent objects [12] [13], we believe that people have the 

capacity to perceive interactive and intelligent built environment as having agency in ways that 

might be characterized as “human” – the room as a partner, friend, collaborator, etc. We use the 

term “Space Agency” to describe a design process in which human-human interaction patterns 

are embodied in a collaborative environment or its constituent components to forge productive 

and satisfying human-environment interactions. To create “Space Agency,” the interaction 

patterns in human-human partnerships are translated to the human-environment interaction we 

are designing. The concept of “a pattern language” is drawn here from architecture [25] and 

applied it to design process of mapping interaction patterns (as has been done expensively in 

computer science and HRI (e.g. [26]). 

II. Observational Study of Human-Human Design Activity (I led this activity.) 

I observed face-to-face interactions between design partners collaborating on a design task. 

Based on my observations, I identified four distinct human-human interaction patterns: 

• Arm Gestures are a means of pointing and communicating shape, size, directionality, and 

other forms of communication produced by the upper limbs. 

• Positive Social Cues express enthusiasm, encouragement, or agreement. 

• Inspirational Cues include storytelling and sharing abstract ideas. 

• Place-based Cues reference remote places, including their histories, cultures, local living 

styles, policies, etc. 

Dr. Green and I proposed a design-research framework based on “space agency” (from 

research activity I) and validated this framework informed by the observational study results 

(from research activity II). Below is the list of papers for research activity I and II. 

Yixiao Wang, Keith Evan Green. 2019. A Pattern-Based, Design Framework for Designing “Collaborative 
Environments” In proceedings of the 2019 ACM Conference of Tangible, Embedded, and Embodied 
Interactions – TEI 19 (2019), pp. 595-604. 
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Yixiao Wang, Keith Evan Green, Rod Grupen, Johnell Brooks, & Ian D. Walker. 2019. “Designing Intelligent 
Spaces as if They Were Human: A ‘Space Agent’ Framework.” In proceedings of the 2018 IEEE 
International Conference on Universal Village – UV 18 (2018).  

Yixiao Wang, “Design Interactions between Robot Surfaces and Human Designers.” 2019. In proceedings of 
the 2019 ACM Conference of Tangible, Embedded, and Embodied Interactions, Graduate Student 
Consortium – TEI GSC 19 (2019) . 

Yixiao Wang, Keith Evan Green. 2018. “A Case for Integrating a User-Centered Design Framework, Including 
Rapid Prototyping Techniques, into Architectural Design Studios.” In proceedings of the 2018 Design 
Communication Conference – DCA 18(2018), pp. 351-359.. ISBN: 978-1-64440-330-3 

III. Robot Surface: Pine Cone Prototype (I co-led this activity.) 

Inspired by the origami patterns of pinecone scales, the larger research team (for which I served 

as design lead) designed a reconfigurable, space-making surface applicable to the built 

environment with sufficient flexibility and control to achieve a multitude of room enclosures 

supporting wide-ranging human activity [27]. The mechanical mechanism of the surface 

structure, which can bend and extend, consists of springs, hinges, laser-cut acrylic structural 

framing elements, 3D-printed plastic panels, and a tendon (i.e. cable) actuated system driven by 

six servo motors [28]. We did several experiments and simulations to see if the system could 

achieve the desired surface curvatures and spatial configurations. Through these experiments, 

we learnt the following lessons: 

• A prototype with many hinges is significantly influenced by friction, which hinders the system 

performance.  

• A system with complex tendon guides may require more maintenance as tendons may get 

loose during experiments and fall off the pulleys easily.  

• A tendon-driven system could potentially achieve the following surface configurations: 

bending, inclining, twisting, and extending.  

• A simpler tendon organization could improve the system performance and reduce motor 

torque (and so, energy) requirement.  

Below is the list of papers for the “Pine Cone” continuum robot surface concept and prototype. 

Yixiao Wang, Keith E. Green, and Ian D. Walker. 2016. “CoPRA: a Design Exemplar for Habitable, Cyber-
physical Environment.” Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in 
Computing Systems - CHI EA 16(2016), pp. 1407-1413. DOI:http://dx.doi.org/10.1145/2851581.2892333 

Yixiao Wang, Keith E. Green, 2016. “A Research Though Design Exemplar of a ‘Compressed-Pattern Robotic 
Architecture’ for the Information Age.” Proceedings of the 2016 ACSA Conference: Shaping New 
Knowledges – ACSA 16(2016). 

Yixiao Wang, Chase Frazelle, Richa Sirohi, and Liheng Li. (Accepted-in press.) “Design and Characterization of 
a Novel Robotic Surface for Application to Compressed Physical Environments.” In Proceedings of the 
2019 IEEE International Conferences on Robotics and Automation – ICRA 19(2019).   

Current Research: Prototyping Space Agents with Tendon-Driven Foam Panels  

Following earlier prototype and validating activities with the pinecone surface, the larger 

research team has been, and continues to be developing and testing a Space Agent prototype 

that is, in a few words, a tendon-driven, foam-panel, continuum robot surface (see Figure 1). 
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IV. Prototyping Tendon-Driven Foam-Panel Robot Surfaces (This is a team activity.) 

We continue to develop and test the continuum robot surface prototypes made of tendon driven 

foam panels. The mechanical mechanism of the surface structure, which can bend and extend, 

consists of springs, hinges, laser-cut MDF “sleeves,” 3D-printed plastic tendon guides, and a 

tendon (i.e. cable) actuated system driven by three geared motors. We are experimenting with 

three different thicknesses (1”, 1-1/2”, 2” thick) of the same foam material to find the most ideal 

rigidity for the intended surface behaviors. The goal is to precisely control the curvature of the 

foam surface with tendon-driven actuation to achieve five configurations we believe are 

categorically useful to support or augment a wide range of human activities (as per our use 

cases, to be elaborated here shortly). The five configurations are named: “resting,” “soft 

bending,” “strong bending,” “twisting,” and “angling” (see Figure 2). We currently have the 2” 

thick prototype fully configurable by the three geared motors controlled (simply, for now) by 

manual control of potentiometers. Development of alternative, more intuitive, user controls is the 

focus of two team members over this academic year, and this development will involve user 

participation role-playing scenarios we have written for two use cases (small office and 

spacecraft).  

 

Figure 1. Perspective and Front views of the tendon driven foam panel prototype with dimensions 

For the prototype design, we have created a kinematic model in Matlab, which will be validated 

by the physical prototype. We have recently submitted our paper to ICRA reporting on this 

kinematic model, the physical prototype design, and the validation of the model by the physical 

prototype through lab experiments (see Submitted Paper below).  
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What we have learned from some initial experiments: 

• With the current tendon arrangement and foam panel (2” thickness), we can achieve the five 

configurations illustrated in figure 2. 

• The current 2” thick foam panel may be too rigid, requiring excessive torque to achieve the 

configurations. Meanwhile, from initial testing, we have determined that the 1-inch-thick foam 

panel is not rigid enough to maintain the intended configurations. We are currently testing the 

foam panel of 1.5-inch thickness, which we expect to be the most suitable to our design intent. 

Richa Sirohi, Yixiao Wang, Keith Evan Green, et al. (Submitted). “Design and Characterization of a Novel, 
Continuum-Robot Surface for the Human Environment”. In Proceedings of IEEE CASE 2019. 

Abstract—We present a novel, robot form aimed at adaptively automating the shape and functionality of the human 

environment. While robots tend to be rigid-link, stiff objects when set within human environments, serving specific 

human objectives, they can also be compliant and give form to the physical environment and widen human activities 

within it. We introduce such a robot, a novel, tendon-driven, continuum robot surface we call a “Space Agent.” This 

paper presents our concept, design, and realization of the Space Agent. Experiments with this robot surface compare our 

prototype to our simulations of five spatial configurations that are formally distinct and suggestive of how the surface 

might be applied to habitable, physical space in response to human needs and wants. We found a validating match 

between prototype and simulations for the five configurations investigated. The paper concludes with a consideration of 

potential applications for robot surfaces like this one.  

 

Figure 2. Five configurations of the Space Agent: Top Row—the graphic output from our kinematic model for a 2” 

thick prototype; Bottom Row—validation of the model by the physical prototype. 

Proposed Research Through to Graduation, May 2020 
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I intend to accomplish the following. 

V. Interaction Studies (Usability and User Experience) 

In the interaction studies, we will explore five “capacities” of the robot surface. By “capacity,” we 

mean categorical robot surface behaviors (or “affordances”) that support or augment human 

activity. The five capacities are: “facilitation,” “simulation,” “presentation,” “space organization,” 

and “stanchiation.” These five capacities and three interaction patterns are proposed based on 

the concept of “space agency” [29],[30]. Table 1 lists these five capacities, and for each of these 

capacities, provides one task example and three alternative human-robot Interactions for each 

task (“Interaction Options” 1-3 in the table).  

Capacity Task Examples Interaction Opt. 1 Interaction Opt. 2 Interaction Opt. 3 

Facilitation Provide a tablet 
for note-taking  
[ex.1] 

Push a button, then 
tablet is provided by 
a robot surface 

SA asks for 
permission first, 
then provides the 
tablet 

SA provides the 
tablet in response to 
the situation 

Simulation Evoke human 
emotions, 
places, …  
[ex. 2] 

Push a button, then 
robot surfaces start 
simulation 

SA asks for 
permission first, 
then simulates  

SA simulates in 
response to the 
situation 

Spatial 
Organization 

Shape the space 
to support human 
activity 
[ex. 3] 

Push a button, then 
robot surfaces 
shape the space 

SA asks for 
permission first, 
then divides the 
space 

SA divides spaces 
in response to the 
situation 

Presentation Provide bendable 
presentation 
screens  
[ex. 4] 

Push a button, then 
a bendable screen is 
provided  

SA asks for 
permission first, 
then provides the 
bendable screen 

SA provides the 
screen in response 
to the situation 

Stanchiation Provide 
comfortable 
leaning surfaces 
[ex. 5] 

Push a button, 
then surfaces are 
provided to support 
leaning gesture 

SA asks for 
permission first, 
then provides the 
leaning surface 

SA provides leaning 
surfaces without 
asking for 
permission 

Table 2. Five capacities with corresponding task examples and interactions ("SA" for "Space Agent") 

Scenario (embedded with the five “task examples” of the five “Capacities” of Table 2) 
 
Alane, a UX designer, is designing a table lamp from within her tiny Hong Kong office. (In the 
future, we can imagine Alane, always too busy, working also from inside an autonomous 
vehicle.) Alane’s clients are expected any moment to discuss the designs. Given the cost of 
premium office space in Hong Kong, Alane’s clients are not surprised that her office is so small; 
they do notice, however, that the office is outfitted with a new technology that they had heard 
about called Space Agents. Seated at the worktable, Alane and her clients begin by reviewing 
requirements for the lamp design. The Space Agent system infers the meeting context through 
vision and audio capture. The system’s continuum robot surface – a bending panel several-feet 
long and less than two-feet wide – gently positions a computer tablet for Alane to comfortably 
note-take without disrupting eye contact or conversation with her clients [Table 2, ex.1] (see 
Figure 3—left). One of Alane’s clients offers that the lamp should be inspired by “billowy clouds 
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in the sky – gentle and light.” As the client elaborates her sensibility for the lamp design, two 
continuum robot surfaces on the ceiling start gently swaying (see Figure 3—left).and glowing a 
light-blue hue [ex. 2]. Alane and her clients comment on the simulated “clouds in the sky” 
environment, noting that “the LEDs are too blue” and that “the surfaces are swaying too fast.” 
The robotic surfaces adjust until the client is satisfied: “Right! This is the feeling!” The 
parameters of the simulation are automatically saved for later recall. Inspired, Alane starts 
sketching as her clients follow and respond. Unexpectedly, Alane receives an incoming voice 
mail message that requires immediate attention. She politely excuses herself, and rotates 
around on her swivel chair to respond. The system recognizes these gestures and three robot 
surfaces gently bend down to divide the small office space into two parts [ex. 3]: one for Alane’s 
private activity and one for clients’ discussion (see Figure 3—right). After Alane has completed 
her response, the workspace’s configuration returns to normal. Alane presents her clients 
another sketch of a possible lamp design. When she points to the wall behind her, a soft robotic 
surface with a bendable screen displays a presentation [ex. 4]. The meeting goes well, and the 
clients depart, encouraged. But Alane feels tired, and shifts her weight gently against a robot 
surface, which supports and conforms to her as she continues to sketch, informed by what she 
learned from the meeting [ex. 5]. To capture the mood of the meeting as inspiration, she issues 
a voice command, and the robot surfaces begin swaying gently and glowing at the rate and in 
the color saved for recall.  

 

Figure 3. Space Agents as envisioned functioning within Alane’s future, “second office” inside an autonomous vehicle. 

For the interaction study, we will invite 12 participants to role-play the scenario above which 
involves all five “task examples” as a co-design activity. For each “task example,” experimenters 
will ask the participants:  

• to respond to the configuration-shapes we have designed, and alter them to their 
preferences;  

• to judge whether the trajectories of the surfaces are unobtrusive or not, and how they 
might be improved;  

• to evaluate the arrangements of the robot surfaces; and 

• to evaluate the three “interaction options” and select the one(s) that provide them the 
most natural interactions with the robot surfaces.  

During these participatory design sessions, experimenters will observe, listen to participants 
“think aloud,” take detailed notes, and take photos and video of the sessions. Based on the 
interaction study results, we will redesign the “space agent” work environment which will be 
used as a treatment for the “work performance studies” elaborated below. 
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Expected Paper:  

 

Yixiao Wang, Keith Evan Green., et al. “Interactions between ‘continuum robot surfaces’ and human users 

supporting creative work activity.” In Proceedings of (CHI 2019, deadline September 14, 2019; or CSCW 
2020; deadline March 2020). 

Abstract: Through user experience and usability studies, we explored how creative workers would like to 
interact with “space agents,” continuum robot surfaces of our design, in five different tasks, each of which 
exemplifies a continuum robot surface “capacity.” The five capacities are “Facilitation,” “Simulation,” 
“Spatial Organization,” “Presentation,” and “Stanchiation.” The participants role-played a scenario 
(featuring a UX designer meeting with her client to discuss a design for a lamp) consisting of the five 
tasks as a participatory design activity. Through the experiment, we learnt that people prefer “interaction 
2” for task ex. 1 and ex. 3, while prefer “interaction 3” for task ex. 2, ex. 4, and ex. 5. We also identified 
the user-preferred spatial configurations including the arrangement and positions of the robot surfaces. 
These results will inform the iterative design of the “space agent” which will be evaluated for performance 
(efficacy) in the near future. 

VI. Work Performance Studies (Efficacy) 

This will be a within-group study with a sample size of 30. The independent variable will be 
“work environment” which is a categorical variable with two levels: traditional work environment 
and “space agent” work environment. First, we’ll invite each participant to role-play “Alane” 
according to the scenario in the traditional office (no space agent). This will involve a note-taking 
task related to the design process, and a fixed 25-minute task to create table lamp prototypes 
using the materials and tools provided by the experimenters, including nylon wires, card boards, 
Legos, wood pieces, clippers, plasticine, markers, scissors, rulers, etc. At the conclusion of the 
tasks, the participant will fill out a validated scale measuring “physical work environment 
satisfaction” [31]. For the note-taking task, the investigators will count how many errors were 
made, and how long it took the participant to complete the task. For the fixed 25-minute task, 
the investigators will count how many different lamp prototypes were generated during the fixed 
duration and will ask an expert panel of designers to evaluate the quality of the prototypes [32] 
according to metrics established in previous research [33]. After one week, the same participant 
will be invited again to role-play the same scenario and perform the same tasks in the “space 
agent” work environment. Again, participants will fill out the same satisfaction scale, the 
investigators will take the same measurements, and design experts will evaluate the prototypes. 

Expected Paper:  

 

Yixiao Wang, Keith Evan Green., et al. “Efficacy Study of “Continuum Robot Surfaces” Supporting and 

Augmenting Creative Workers (HRI 2020, deadline not know yet; or CSCW 2020; deadline March 2020). 

 
Abstract: Based on the concept of “space agency” and our previous interaction studies focused on user 
experience and usability, we iterated the design of a continuum robot surface we call a “space agent” and 
evaluated its performance with creative workers in a tiny office environment. To evaluate the performance 
of the “space agent,” we conducted an efficacy study involving 30 participants who role-played our 
scenario involving a design task (designing a table lamp) within a “traditional office” and the same office 
embedded with “space agents.” Participants’ satisfaction and task performance were evaluated for the 
two different conditions (work environments). Results suggested that “space agents” embedded in the 
workspace improved “work environment satisfaction” and facilitated “creative work performance.” 
Outcomes from our experiments also suggests that “space agents” embedded in the workspace shape 
worker’s “perceived relationships with the work environment. More broadly, this research suggests that 
robots at larger scale embedded in the environment can facilitate the satisfaction and creative output of 
workers. 
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