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Abstract— The literature of communication theory suggests 
that people tend to interact with interactive artifacts as if these 
were human. For decades, this understanding has been applied to 
designing computer embedded devices at small physical scale (i.e. 
objects). In this paper, the authors extend this same 
understanding to the dimension of space—to designing 
intelligent, physical environments. The conceptual ground for 
this design intention is found in a “pattern language” developed 
by Alexander, et al. for designing static physical environments 
based on the “’best guesses” of architects. Upon this foundation 
of a pattern language, the authors offer a design framework 
based on our novel concept of “space agency” whereby observed 
human-human interaction is translated into human-machine 
Interaction for spatial artifacts by way of two mapping 
techniques. Our intention is to strive for more human-human-
like interactions between human beings and intelligent spaces 
whereby intelligent spaces become friendly, helpful, and 
welcoming. In this paper, the design of an interior space within a 
fully autonomous vehicle provides a case study. The framework 
presented here has significance for designing intelligent artifacts 
and interactions with them as these extend, inevitably, to the 
dimension of space, entertaining, serving, and augmenting our 
increasingly digital and human-centered society.  

Keywords—intelligent environments, autonomous vehicles, 
human-centered design, design patterns, design frameworks. 

I. INTRODUCTION 
In an increasingly digital and global society, with so many 

convenient transportation services, people are constantly on-
the-move. More than 85% of Americans commute to work in 
private vehicles. Commuting times average more than 50 
minutes round-trip and keep getting longer [1]. Meanwhile, 
thanks to the fast-developing computer technology, these time-
consuming commutes are accompanied by more and more 
autonomous vehicles which will not only free people from the 

chore of driving, but give them the opportunities to use their 
spare time for more meaningful activities, such as working, 
entertaining, relaxing, etc. How do the interior spaces of 
autonomous vehicles support human lives on-the-move? And 
how do we design these intelligent interior spaces?  

To answer these questions, the authors begin with the 
premise of intelligent interior spaces (within a vehicle, a 
spacecraft, a mobile hospital, etc.) perceived as intelligent 
agents—as human. This concept is deeply rooted in 
communication theory [2],[3] as will elaborated later in this 
paper. Based on this concept, our perceptions of the 
interactions between “intelligent space” and “human users” 
will be greatly changed; if people perceive the intelligent space 
as a human agent, they would tend to interact with the space as 
if interacting with a person such that the intelligence of the 
space would be manifested through these interactions and 
communications. As designers, we might reasonably observe 
and code human-human interaction patterns to inform the 
design of human-“intelligent space” interactions, which will 
further shape how we design the “intelligent space.” 

In brief, the authors offer here a theoretical and systematic 
design framework based on our novel concept of space agency 
whereby observed human-human Interaction is translated to 
human-“intelligent space” Interaction by way of two mapping 
techniques: “direct mapping” and “conveyed mapping”. This 
design framework (fig. 1) is informed by a consideration of the 
literature from communications theory and from ethnographic 
studies conducted by the authors. This framework combines 
our understanding of  interaction design and spatial design 
using the language of “design patterns” offered  by Alexander 
[4]. The framework begins with ethnographic studies and 
culminates in the design of an interactive or intelligent space 
(i.e. “Spatial Designs”).  



The framework is presented in an economical diagram (fig. 
1). In this diagram, the arrows shown on its right-side make 
clear that the framework reflects a process that is iterative and 
cyclical rather than simply linear. An iterative design-and-
evaluation process is commonplace in the development of 
intelligent and interactive artifacts; consequently, this paper 
will not devote space to a consideration of this aspect of the 
design framework.   

II. “SPACE AGENCY” AND “THE MEDIA EQUATION” 
In this section, the authors propose the conceptual 

framework of “Space Agency” by identifying gaps in the HCI 
literature and situating this concept as a reasonable application 
of “the Media Equation,” a general communication theory for 
computer-embedded media. In our proposed framework, 
“Space Agency” is the key concept guiding the design-research 
process. 

A. Space Agency 
Many recent efforts in HCI are focusing on designing smart 

objects such as the “Kip” robot [5] and the “mechanical 
ottoman” [6]. In the reported user studies for these two 
examples, users perceived these two artifacts as intelligent, 
human-like agents—this, despite the fact that neither artifact 
resembles a human.  

Meanwhile, there has been extensive research on 
“ubiquitous computing” and “smart cities” in the HCI 
community focusing on “natural interfaces, context-aware 
applications, and automated capture and access” [7]. This 
research suggests that we live in both “cyber space” and 
“physical space” [8] and that we should therefore design for 
this interstitial “information space”. However, researchers in 
this research domain have been more focused on embedding 
technologies into existing infrastructures and devices rather 
than designing new physical and spatial embodiments for such 
technologies [7]. In contrast, the authors propose the concept 
“Space Agent” to name the architectural space designed and 
engineered to be, itself, the intelligent agent. “Space agent” is 
a concept situated in the HCI intellectual landscape between 
“smart objects” and “smart cities.” “Space agents” are 
interactive and intelligent environments perceived by users as 
human agents. 

B. The Media Equation 
As computer-embedded systems become more interactive 

and more intelligent due to rapid development of 
computational technologies, researchers of the 1990s 
conceptualized the research paradigm, CASA (Computer as 
Social Actors) [3]. As part of this conceptualization, Reeve and 
Nass proposed “The Media Equation” (1996) as a general 
communication theory that describes the tendency of people to 
interact and communicate with computer media as if this media 
is a human being [2]. Since then, many psychological 
experiments studying human communications have been 
conducted to inform human-computer interaction design [9]. 
Design researchers initially applied these psychological 
findings to virtual, avatar designs. More recently, design 
researchers have been transferring “common interpersonal 
communication phenomena” [9],[2] to computer-embedded 
systems such as robotic furniture [6] and social robots [5].  

Herein, the authors suggest that a computer-embedded 
intelligent space, such as an intelligent work space, may also 
be perceived by users as a human being—partner, friend, 
collaborator, which is the definition of “space agent.” 
Consequently, studying human-human interaction may predict 
how people would like to communicate and interact with an 
intelligent space. This concept could greatly influence and 
richly inform how interactive and intelligent spaces are 
designed, and the interactions these spatial artifacts afford. 

III. CASE STUDY AS EVALUATIVE TOOL 
Hereon in this paper, references are made to a particular 

case study developed by the authors in their research lab. The 
case study is the design of an intelligent, physical 
environment—specifically, a compact space dedicated to 
working life that has potential application, as a design 
typology, to the interiors of future fully autonomous vehicles, 
space craft, and portable hospitals. This case study serves to 
communicate the design framework presented here, including 
the promise of the framework for designing intelligent artifacts 
that are also spatial. 

For our particular case study, we observed human workers, or 
more specifically, human designers partnering on work tasks. 
From these observations, we drew design patterns modeling 
human-machine interactions between a human designer 
collaborating with an intelligent, “human-like,” physical space 

 
Fig. 1. The design-research framework based on studies, theories, and other literatures 



to accomplish the same work task. As will be elaborated in the 
next sections of the paper, interactions of human design 
partners were systematically coded, as informed by Charmaz’s 
“grounded theory coding technique” [10], design-partnership 
studies defined as “joint action” [11], and the CSCW 
(Computer-Supported Cooperative Work) literatures —
particularly that of the “Creative Workplace” [12]. Study 
results were mapped to human-environment interaction 
patterns guided by three concepts of our own design: “Space 
Agent,” “Direct Mapping,” and “Conveyed Mapping,” Finally, 
based on the human-environment interaction patterns, design 
patterns were generated. 

IV. ETHNOGRAPHIC STUDIES OF DESIGN PARTNERSHIPS 
In our case study, the particular focus of our ethnographic 

study was on “face-to-face interactions” in the design 
processes of “ideation” and “design development.” Our studies 
were designed to gain qualitative understanding of the 
interactions between design partners. In our study, four groups 
of designers (12 people in total) participated in our design 
partnership studies; each group was comprised of 2 to 4 
designers. The first three groups were formed by interior 
design undergraduates at our university, while the fourth group 
had one professional architect and one design-focused doctoral 
student. The three undergraduate designer groups gave us 
permissions to conduct interviews and observations on their 
design processes, and to record our observations with field 
notes, pictures and videos. The fourth group, the design 
professional and the Ph.D. student, only permitted us to do 
interviews. Thus, we did a forty-minute long in-depth 
interview with this one group. For each of the three student 
groups, we observed their group design process in their studios 
for no less than 1.5 hours and as many as 3 hours), and 
recorded their communication details using video cameras, 
digital cameras, and hand-written field notes. At the end of 
each session, we did a 15-minute interview with one member 
of each team. 

After the studies, we coded our field notes and digital 
photos and transcribed the video recordings, analyzing the 
transcribed materials using Charmaz’s ground theory coding 
techniques (i.e. “initial coding” and “focused coding”) [10]. 
Given this paper’s focus on a design-research framework, and 
given the paper’s page-limit, we present here only the coding 
results together with what we learned from the most relevant 
literature, conveyed in Table I. 

V. MAPPING HUMAN-HUMAN INTERACTIONS TO HUMAN-
SPACE INTERACTIONS 

From the coding results and insights (some of which we 
recorded in Table I), we identified particular human-human 
interaction patterns to illustrate the design-research framework 
of this paper. Readers can surely choose other interaction 
patterns to generate their own human-environment interaction 
patterns and design patterns. We choose the following “human-
human interactions and communication patterns” as examples:  

• Arm Gestures: interactions fulfilled by kinetic, spatial, 
pointing & other types of gestures. 

• Positive Social Cues: communications showing enthusiasm, 
negotiation and procedural groundings. 

• Inspire Each Other: communications including storytelling 
and sharing crazy ideas (notes on white board, mind maps, 
verbal communications, etc.). 

• Know Your Sites: communications for acquiring more site 
information, including the site histories, cultures, local 
living styles, policies, etc. 

How can these human-human communication patterns be 
translated into human-environment interaction patterns? This 
transfer is very much itself a design process, part-science and 
part-art. To better describe this process, we propose two 
concepts: “Direct Mapping” and “Conveyed Mapping”. 

A. Direct Mapping 
In the ethnographic study of design partnerships, the 

authors found that some human-human interaction patterns can 
be “directly mapped” to human-environment interaction 
patterns. For instance, we found that design partners use their 
arms to pose different gestures to communicate their ideas. We 
can exactly copy the gestures of these human arms by 
designing robotic limbs that physically trace the gestures we 
observed in the human-human work space. Presumably, the 
same gestures enacted by the robotic artifacts would convey 
the same messages to a partnering human as did the human 
arm. We use the term “Direct Mapping” to describe this kind 
of design process, as the human-human interaction patterns 
are directly copied, imitated, and applied to human-
environment interaction designs. Our review of recent 
literature in human-robot interaction ([5], [13], and [6]) suggest 
the predominance of “Direct Mapping” in the interaction 
design of such artifacts.  

B. Conveyed Mapping 
In our ethnographic studies, we also identified many 

human-human interaction patterns that cannot be “directly 
mapped” to human-environment interactions. Some obvious 
examples include eye contacts, facial expressions, a sense of 
humor, subtle gestures, and many other human-human 
communications. Indeed, it is difficult to imagine how a space 
can directly offer “eye contact,” “smile,” or “nod” to its users. 
Although these communications cannot be directly mapped, 
the meaning of these communications—the messages 
conveyed through these communications—are understandable 
to the observers. Thus, we might strive to design new human-
machine interactions to tangible, embedded, embodied and also 
spatial artifacts that might also convey adequate 
approximations (i.e. discernable, perceivable) of cues that 
humans convey using subtle social cues. For example, although 
a room cannot “nod its head” to encourage a conversation, 
maybe that room can flash green LED lights during a 
conversation to convey the same encouragement to a human 
partner: “I understand what you’re talking about, please keep 
going.” We use the term “Conveyed Mapping” for human-
human interaction patterns that cannot be directly mapped but 
nevertheless convey the same messages as do human-human 
interactions via a system of substituted gestures (e.g. approval 
by “green lights” as a conveyance of “head nodding”).   



TABLE I.  FIVE EXAMPLES OF DESIGN PARTNERSHIP STUDY RESULTS 

Focused Coding Initial Coding Insights from Former Research & Theories 
body language 
communication 

arm gestures; shape, direction & feelings; mimicking 
characters, etc. 

Four types of gestures for design tasks and meetings: kinetic, spatial, 
pointing & other [14]. 

inspire each other brainstorm; crazy ideas; bold designs; tell personal 
stories; share experiences; ideas on drawing boards, 

etc. 

Create idea maps and leverage ideas from others to generate more 
creative and diverse ideas [15]. 

facial expressions, eye 
contact, social cues. 

eye contact with audience; showing interests & 
enthusiasm; positive confirmation; conversation 

encouragements, etc. 

Four themes (with 13 models) for observed social cues and task 
outcomes: rapport in negotiation (laugh); establish procedural grounding 
(gaze); deictic in shared contexts gestures (points); non-verbal feedback 

to avoid interruptions (nod) [16]. 
cheerful & relaxed 

atmosphere 
funny pictures or news; smiling face stickers on 

walls; cheerful talks; chatting & gossips; snacks, etc. 
“SYMLOG three-dimensional-space”, a positive working atmosphere 
encouraging creative discussions and improving work efficiency [17]. 

know your sites Tell stories of the site: travelled there before; lived 
there before; having friends there; feeling of the 

culture; know their lives & policies, etc. 

Using lights, sounds and movements to simulate environment, seasons, 
feelings of the places described in story books [18]. 

 

A critical turn in the framework involves the translation of 
“human-human interaction patterns” into “human-space 
interaction patterns.” Using “direct mapping” and “conveyed 
mapping,” what follows traces this critical translation, making 
referenene to our case study of the autonomous vehcule.  

 “Arm Gestures” is a human-human interaction pattern of 
physical movements and gestures. For “Arm Gestures,” the 
authors suggest using “Direct Mapping” given that these can be 
transferred directly to the physical movements of architectural 
elements in a space. For instance, we can design two robotic 
arms (in our case study, these are more like ribbons) in the 
space to mimic whatever gestures human arms can pose. We 
envision such “robotic ribbons” being an integrated part of the 
work space, with multiple ribbons forming reconfigurable 
walls or ceilings. Tentatively, we give the name “multiple 
robotic ribbons for gesture interaction” to this human-
environment interaction pattern. 

For “Positive Social Cues”, it’s hard to directly map the 
“social cues” into the work space. Thus, we can use “conveyed 
mapping” to convey the same messages in human-human 
“social cues” by creating new forms of interaction that are 
appropriate and applicable to human-environment interaction 
design. For instance, we can design some walls with embedded 
LEDs. To show “enthusiasm” for a design intention, for 
instance, the space can flash LEDs in rainbow colors and move 
its robotic ribbons actively, like a person dancing. For 
“procedural grounding” communications, perhaps the LEDs 
will turn green as a confirmation and yellow for negotiation. 
Considering “space agents” and the creative workplace 
literature, maybe the LEDs should be arrayed over the surfaces 
of multiple walls in a continuous and fluid gesture. We name 
this pattern “Fluid LEDs as social cues.” We imagine many 
novel design ideas might emerge as “conveyed mapping.” 

To “Inspire Each Other,” we recognize that designers tell 
stories and share experiences with each other to become 
inspired. “Direct mapping” might suggest having the room (the 
work space) and human designer “tell stories to each other.” 
For example, the designer may use a whiteboard to post his 
ideas, and the room searches relevant stories (documentaries, 

novels, etc.) based on the keywords on the posts. Maybe the 
room  

 

could use multiple medias to tell these stories, from which the 
designer picks up new ideas and inspirations. These new ideas 
and inspirations could then be posted on the whiteboard, which 
will start a new round of story searching and telling activity. 
What we described above is only an example of how “story 
telling” might be manifested in the room; there are countless 
ways by which a room might tell a story. We use “Telling 
stories to get inspired” as the short name for this pattern. 

For “Know Your Sites,” it’s about designers sharing 
information about the site of the design project. While the 
human designer may use only words to describe the “sense of 
the site,” “indirect mapping” might make full use of the robotic 
ribbons, LEDs, interior light environments, and also sound 
(audio) to simulate the site environment and atmosphere, 
rendering this whole room a “portal” to the site. We believe 
that this is a better way to share site information with the 
designer. We use “Portal of the site” as the name for this 
human-environment interaction pattern. 

Note that either using “direct mapping” or “conveyed 
mapping” is completely a design decision made by the 
designer. A designer might also choose to use neither or both 
of them when designing human-environment interaction 
patterns. What’s more, even with the same mapping method, 
different designers will end up with different interaction 
patterns and design outcomes because of the creative nature of 
the design process. These two concepts serve as a guide for 
inspired design solutions instead of formulaic outcomes.  

VI. FROM HUMAN-SPACE INTERACTIONS TO DESIGN 
PATTERNS 

Based on and informed by these human-environment 
interaction patterns, we could now generate “design patterns” 
for our interactive environment, or more specifically, the 
interactive work space for designers. Thus, we should consider 
the “creative workplace” literature when generating design 
patterns for the interactive work space. Table II illustrates the 
human-environment interaction patterns and the corresponding  



TABLE II.  HUMAN-ENVIRONMENT INTERACTION PATTERNS AND THE CORRESPONDING DESIGN PATTERNS 

Human-Environment Interaction 
Patterns 

Design Patterns Diagrams Descriptions for Design Patterns 

Multiple robotic ribbons for gesture 
interaction 

 

The robotic ribbons encourage 
gesture interactions and are in 
continuous shape for fostering 
creativity. As continuous robotics, 
they can fulfill kinetic, spatial, 
pointing and other gestures. The 
arms can be under the ceiling, on 
the wall, or in any other places that 
can be easily seen and well-
integrated into the space. 

Fluid LEDs as social cues 

 

Encourage “social cues” 
communications between user and 
the space through LEDs’ color 
differences. The fluid shape of the 
walls and LED patterns support 
creative thinking. The pictures are 
only showing one possible design 
of fluid LEDs. This pattern can be 
used for creative workplaces in 
various scales. 

Telling stories to get inspired 

 

When a designer runs out of ideas, 
she can tell any project-related 
stories to the room. The room will 
use her key words to find related 
stories for designers. Whenever the 
designer got inspired by stories, she 
can post her idea on whiteboard or 
tell a new story, which will become 
new inputs for further story 
searching and telling activities. 

Portal of the site 

 

Using videos, music and 
environmental light to simulate site 
atmosphere. The purpose of this 
pattern is to immerse users in the 
site environment and atmosphere. 
Thus, the projections or screens 
should cover large areas in the 
space, and the working space itself 
shouldn’t be too big. 

design patterns we generated. Of course, these patterns are 
neither the only nor the optimal design patterns. However, they 
are reasonable and logical ones based on our human-

environment interaction patterns and the creative workplace 
literature. We offer these patterns following from the manner 



in which Alexander and his coauthors describe patterns [4]—as 
both diagrams and brief narratives (Table II).  

Each pattern above is only one possible pattern that could 
be reasonably generated based on our ethnographic studies and 
related literatures. Each pattern here presented, however, 
requires further developments and study. As Alexander et al. 
offer, “no pattern is an isolated entity”—a pattern can only 
exist “supported by other patterns: the larger patterns in which 
it is embedded, the patterns of the same size that surround it, 
and the smaller patterns which are embedded in it” [4]. 

For the few patterns that we presented in this paper, each 
pattern includes many smaller patterns and serves as a part of 
other patterns. For instance, the “Multiple Robotic Arms for 
Gesture Communication” pattern includes many smaller 
patterns such as “kinetic movement pattern” whereby the 
robotic ribbon movements simulate part of human arm 
performances, “spatial movement pattern” where the robotic 
ribbon movements indicate distance or location or size, and 
“pointing movement pattern” where robotic ribbons point to a 
place or an object, etc. [14]. Each of these smaller patterns 
requires further investigations to certify that human users 
understand these “robotic ribbon gestures” and would invite 
such a communication process. One good example for such 
investigations can be what Ju et al. offered for the “door 
gesture” project [13]. Researchers or designers may even alter 
our proposed patterns and generate their own design patterns 
based on further investigation, to realize, as Alexander et al. 
describe, a  “more true, more profound patterns” that become 
“a common language, which all of us can share” [2]. 

VII. CONCLUSIONS 
In this paper, we proposed the concept of designing 

interactive and intelligent space as a human being—a spatial 
agent— based on communication theory and related literatures. 
We have explored how human-human communications can be 
studied, analyzed and used to shape intelligent environment 
design in a systematic and fruitful way. By proposing the 
concepts of “direct mapping,” “conveyed mapping,” and 
“space agent,” we set up a design-research framework for 
designing intelligent space as human-like following from four 
steps: ethnographic studies of human-human interactions, 
mapping human-human interactions to human-environment 
interactions, generating design patterns based on human-
environment interaction patterns, and creating new designs 
from the design patterns.  

Inspired by Alexander’s “a pattern language,” we offered a 
framework that integrates interaction design and spatial designs 
(e.g. architectural design, built environment design, etc.) 
through the pattern language of interactive and intelligent 
environments informed by ethnographic studies and the 
proposed design-research framework in this paper. We by no 
means argue that this design-research framework is the only or 
the best way to design interactive and intelligent spaces; 
however, we do believe that this can be an effective approach.  

Increasingly, design researchers become more human-
centered, and strive for more human-human-like interactions 

between human beings and intelligent environments. Here, the 
physical environment becomes friendly, warm, and 
welcoming. The design framework presented here has 
significance for designing intelligent interaction as it extends, 
inevitably, to the dimension of space entertaining, serving, and 
augmenting an increasingly digital society. 
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