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MOTIVATION  
Is there an emerging next generation of human-computer 
interaction or rather simply “a thousand points of light” of 
disparate and unrelated innovative new developments? This 
workshop will bring together researchers in a range of 
emerging new areas of HCI to look for common ground and 
a common understanding of a next generation of user 
interfaces. If we consider command-line interfaces as the 
first generation, then direct manipulation and the graphical 
user interface defined a distinct new generation of user 
interfaces[5] that is still the state of practice today. Unlike 
the early days of graphical user interfaces, research in HCI 
today is developing on many fronts, making the next 
generation more difficult to connect and define. Yet, much 
current research appears to be moving away from the screen 
based GUI, in a related general direction.  

The key components of this next generation are found in a 
variety of loosely-related current research areas in HCI—or, 
more broadly, interaction design or human-information 
design: 

• virtual and augmented reality  
• ubiquitous, pervasive, and handheld interaction  
• tangible user interfaces  
• lightweight, tacit, passive, or non-command interaction  
• perceptual interfaces  

• affective computing  
• context-aware interfaces  
• ambient interfaces  
• embodied interfaces  
• sensing interfaces  
• eye-movement based interaction  
• speech and multi-modal interfaces. 
This workshop seeks ways to tie some of these and others 
together intellectually and to try to define a next generation 
from them. We will look for unifying ideas, frameworks, 
and theories that provide common ground for discussing, 
analyzing, connecting, inventing, comparing, and making 
predictions about emerging new interaction styles and 
interface designs. We also hope to use such a framework 
provide some explanatory power for understanding what 
makes particular new interfaces better or worse. In addition, 
it could help identify gaps or opportunities to develop a 
future research agenda suggested by holes or “sweet spots” 
in a new taxonomy.  

STARTING POINT: REALITY-BASED INTERACTION  
As a starting point for discussion, we will introduce the 
notion of natural or realistic or reality-based interfaces as a 
thread to connect new developments in HCI. This notion 
focuses on the ways in which the new interfaces leverage 
users' built-in abilities. These interfaces increasingly draw 
their strength from exploiting the user's pre-existing skills 
and expectations from the real world rather than trained 
computer skills. For example, navigating through a 
conventional computer graphics system requires a set of 
learned commands, such as keywords to be typed in or 
function keys to be pressed. By contrast, navigating through 
virtual reality exploits the user's existing real-world 
“navigational commands:” positioning the head and eyes, 
turning the body, and walking toward something of interest. 



 

 

Perhaps basing the interaction on the real world reduces the 
mental effort required to operate the system because the 
user is already skilled in those aspects of the system. For 
casual use, this reduction can speed learning; for use in 
situations involving information overload, time pressure, or 
stress (e.g., surgery, disaster recovery), this reduction of 
overhead effort could improve performance.  

A unifying characteristic for much next generation HCI 
may thus be that it increasingly taps into the users' abilities 
and pre-existing knowledge. Direct manipulation moved 
user interfaces toward more realistic interaction with the 
computer; next generation, reality-based interfaces push 
further in this direction, increasing the realism of the 
interface objects and allowing the user to interact even 
more directly with them.  

We could also take this approximate notion of “realistic” or 
“natural” and make it more precise—perhaps by focusing 
on the pieces of knowledge or skills that a system requires 
its user to know. This could lead to a notional checklist of 
the knowledge the user needs, which may help in discussing 
and connecting different new user interfaces. However, 
there are many kinds of things that the user already knows. 
Moving the head to change point of view is one. The user 
may already know more arcane facts such as pressing the 
Alt-F4 keys will close a window. It seems intuitively better 
to exploit the more “basic,” more built-in knowledge that 
the user learned in infancy (or perhaps was born with) than 
to exploit more recently learned, less innate knowledge, like 
the Alt-F4 keys. We could explore how to measure reality-
based vs. non-reality-based knowledge on a more 
continuous scale. This requires a way to rate the degree of 
reality or innate-ness for a piece of knowledge. One way is 
by when the user learned it; and we conjecture that younger 
is better. Information that is deeply ingrained in the user 
seems somehow more robust, perhaps more highly 
practiced, and should take less effort to use than 
information learned recently. These questions may be 
explored in the workshop.  

Another side of this issue is that reality-based is typically 
not sufficient. A useful interface will rarely entirely mimic 
the real world, but will necessarily include some 
“unrealistic” or artificial features and commands. In fact 
much of the power of using computers comes from this 
“multiplier” effect, the ability to abstract from or go beyond 
a precise imitation of the real world.  

WORKSHOP GOALS  
Our goal is to find common elements for understanding and 
discussing a next generation of HCI and to build a 
community of researchers to consider this topic explicitly, 
in contrast to many recent developments in new interaction 
styles, which have thus far tended to proceed independently 
on unconnected and unrelated fronts.  

We will use the notion of reality-based interaction to 
provide a concrete starting point for the workshop. We will 

begin by considering whether we can use that to tie together 
developments in next generation interaction styles into the 
beginning of a useful conceptual framework. From there, 
depending on the participants' views and contributions, we 
will extend or expand this approach as well as introducing 
alternative opposing or complementary approaches to the 
problem. Participants will be invited to extend, expand, 
discredit, or replace this initial approach, but it will provide 
a concrete starting point with which to agree or disagree. 
Current research at Tufts is fleshing out the reality-based 
approach with analyses of reality-based knowledge and 
skills needed for different interaction styles, and we will 
provide our latest work as input to start the discussion.  

We will thus invite participants to present:  

• their current new interface designs or research that they 
see as part of next-generation interaction  

• alternative frameworks or theories to the reality-based 
approach  

• refinements and elaborations of it  
• ideas for how to test frameworks and concepts we 

develop  
• psychological evidence or theories  
• ideas for new designs inspired by gaps or opportunities 

uncovered by this thinking.  
We hope a key contribution will be that ideas emerging 
from the workshop will serve as a lens or common language 
for viewing, discussing, comparing, and advancing 
proposed innovative new interface developments and 
technologies—to provide some coordinate axes on which to 
put them into perspective and organize them.  

A second goal is to produce a research agenda for new 
work both in gaps suggested by our frameworks and in 
ways to evaluate or validate our frameworks. The initial 
conclusions we draw from these for simple examples may 
turn out to be true, but not surprising. We will focus on 
ways to make and test theory-based predictions that are less 
obvious, as a better way to test our theories.  

Our final goal is to create a community of HCI researchers 
who are thinking specifically about connecting their 
research to other developments in next generation 
interaction. We hope the results will generate ideas that 
give the HCI community a new and more explicit way of 
thinking about and connecting next generation interaction 
and will suggest a research agenda for future work in this 
area.  

PARTICIPANTS & EXPECTED COMMUNITY INTEREST  
The workshop will welcome researchers working in areas 
such as those listed above (virtual and augmented reality, 
ubiquitous, pervasive, and handheld interaction, tangible 
user interfaces, etc.) and in particular: participants 
researching and developing things they view as part of next 
generation interaction; participants with ideas or approaches 
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for describing or defining next generation interaction; and 
participants with ideas for how to elaborate, formalize, test, 
evaluate, or expand on the reality-based starting point and 
to replace it with new approaches.  

To date, few researchers have addressed this issue 
explicitly, but several have discussed sub-areas and made 
contributions toward it. People who have attempted to 
explain or organize these new styles of user interfaces have 
tended to concentrate more on individual classes or groups 
of new interfaces than on concepts that unify the classes. 
The time is ripe to start a discussion that connects such 
work. For example, Ullmer and Ishii provide a framework 
for tangible interfaces[6]; Fishkin, Moran, and Harrison 
propose the concept of embodied interfaces[3]; Bellotti, 
Back, Edwards, Grinter, Henderson, and Lopes define 
sensing interfaces, and raise a set of key problems[2]; and 
Beaudouin-Lafon's Instrumental Interaction model sheds 
new light on post-WIMP interfaces[1].  

We are also pursuing this area at Tufts, under an NSF grant, 
and teaching a course in Fall 2005 on “Reality-based 
Interaction: Understanding the Next Generation of User 
Interfaces,” which will provide new work as input to the 
workshop. The NSF project will also serve as a nexus for 
continuing and collecting work in this topic after the 
workshop.  

Finally, work that helped define the GUI generation is a 
model for us. Shneiderman took a set of disparate new user 
interfaces and unified them through their common 
characteristics[5]. Hutchins, Hollan, and Norman then 
explained their power and success of these interfaces with a 
theoretical framework[4]. Our hope is to take a first step in 
that direction for the emerging generation.  
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  The most frequent source of innovation in many fields, including human-computer interaction 

(HCI), is by proposing a novel technology approach, such as tangible, embedded, embodied, 
ubiquitous, or pervasive user interfaces.  Other popular proposals in recent years include context-
aware, perceptual, mobile, and handheld.  The resulting systems are sometimes described as 
invisible or disappearing, and may include attributes such as affective, ambient, and implantable.  
Media features can also lead to innovations such as visualization, animation, sonification, haptics, 
gestural, and multi-modal.  These sources of innovation are effective in suggesting new products 
and services, but technology-centered approaches need to be supplemented by user-centered 
approaches to provide a more complete guide to the future.    
 
The second path to HCI innovation starts from user-centered approaches and leads to novel 

products and services based on a deep understanding of human needs.  I explored these 
approaches earlier in Leonardo’s Laptop: Human Needs and the New Computing Technologies 
(MIT Press, 2002) by proposing a generative theory of HCI tied to an Activities and Relationship 
Table.  The activities included collect, relate, create, and donate, while the relationships were 
described as self, family & friends, colleagues & neighbors, and citizens & markets.  The 
resulting 4 x 4 table can be helpful in suggesting new products and applications, tied to new 
market segments.  
 
This Activities and Relationship Table is not a yellow brick road or golden path to produce new 

products and services, but can be helpful in structuring innovation by guiding designers to 
opportunities to serve different markets with novel services.  For example, this generative theory 
could be applied to personal medical devices that support health monitoring to enable users to 
collect information, such as blood pressure, temperature, or insulin levels.  The generative nature 
of theory guides innovators to consider convenient sharing of information with healthcare 
professionals or family members, enabling users to analyze their own data or and compare their 
readings with others with similar age, gender, and health conditions. 
 
These generative theories are a compass to guide designers to think about user needs. These 

needs may be tied to personal use domains, as they are in Leonardo’s Laptop, such as education, 



healthcare, e-commerce, and government services. Other fresh discussions of user needs are 
emerging in many circles as evidenced by the appearance of conferences and workshops on 
topics such as persuasive computing, that is meant to alter user habits about healthcare, nutrition, 
or personality, and human sexuality, that covers educational, social, and therapeutic themes.  
 
Other second path topics that show growth are enhancing trust and privacy in e-commerce 

website design, and supporting empathy while controlling anger in online communities. These 
affective issues deal with emotional relationships between two people, and enable more fruitful 
outcomes for patient support groups with nurturance for caregivers, as well as more effective 
mediation and conflict resolution. 
 
Online security researchers are increasingly aware of the HCI issues tied to responsibility, 

accountability and anonymity in discussions of spam, viruses, and hacker attacks. While 
anonymity is important for some forms of freedom of expression, it becomes a shield to hide 
behind for those bent on destructive and violent use of the internet.  Enhancing responsibility and 
accountability could accelerate acceptance of e-commerce applications, as ebay has done so 
successfully with its trust management and mediation methods. 
 
The negative emotional side of human nature is surfacing in HCI design discussions, as issues 

such as anger, credibility, risk, and fear become more common. Discussion groups can quickly 
be disrupted by a single hostile act and chat rooms become dangerous for children who become 
victims for child abusers. 
 
The reality of user frustration is also gaining attention in studies that reveal how much time is 

wasted by most computer users [1, 2] and how often they fail to accomplish their goals in e-
learning, e-commerce, and e-healthcare or other web sites.  Long delays, dropped phone lines, 
and dead links are widespread, as are application crashes and operating system problems.  
Improvements in reliability would do much to improve the user experience. 
 
Other generative theories come from discussions of universal usability [3] that propose 

innovation in three areas:  
Technology variety: Support broad range of hardware, software, and network access 
 {e.g. fast/slow computers, fast/slow networks, small/large screens} 
User diversity: Accommodating users with different skills, knowledge, age, gender,  

      disabilities, literacy, culture, income, etc 
 {e.g. design for screen readers, user control over font size, contrast, etc.} 

  Gaps in user knowledge: Bridge the gap between what users know and what they need  
      to know 
 {e.g. novices/experts, newcomers, cross cultural visitors} 

 
Universal usability concepts guide innovators by reminding them of the diverse needs of novices 
vs experts, so that they consider multi-layer designs of interfaces. They also remind users to 
consider the differences between users of consumer electronics (cellphone, music players, digital 
cameras, etc.) and professional workstations (air traffic control, radiology, programming 
environments), as well as the differences between self-confident highly literate users of multiple 



devices in developed nations and frightened users with low literacy of wholly new technologies 
in developing nations. 
 
  In summary, technology-oriented thinking is one path to innovation for advanced user 
interfaces, but a second path is defined by generative theories that guide thinking in structured 
ways.  These orderly approaches, based on taxonomies of human values, needs, roles, and tasks 
may also be helpful in shaping the future. 
 
 

[1] Ceaparu, I., Lazar, J., Bessiere, K., Robinson, J., and Shneiderman, B., Determining causes and 
severity of end-user frustration, International Journal of Human-Computer Interaction 17, 3 
(2004), 333-356. 

[2] Lazar, J., Jones, A., and Shneiderman, B., Workplace user frustration with computers: An 
exploratory investigation of the causes and severity, Behaviour & Information Technology 
(to appear, 2006). 

[3] Shneiderman, B., Universal Usability: Pushing human-computer interaction research to 
empower every citizen, Communications of the ACM 43, 5 (May 2000), 84-91. 

[4] Shneiderman, B., Promoting universal usability with multi-layer interface design, ACM 
Conference on Universal Usability, ACM Press, New York (2003), 1-8. 
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On Beyond GUI 
A Position Paper for the CHI 2006 Workshop “What is the Next Generation of 
Human-Computer Interaction?” 

Steven Feiner 
Dept. of Computer Science 
Columbia University 
New York, NY 10027 
feiner@cs.columbia.edu 

Introduction 
In HCI, as in any other technical field, trying to predict the future has always been fashionable, even 
though it rarely proves accurate.  In this position paper, I will not try to predict explicitly where I think 
things will go next, but will instead review some of the themes underlying the research in Columbia’s 
Computer Graphics and User Interfaces Lab, insofar as we believe that these themes characterize what 
we think future user interfaces should, and ultimately will, do better than they do now. 

Wearability 

What better theme to start with than wearability?  Especially since it is missing from the list of 
research areas that appear in the workshop call for participation.  Over the past decade, many 
researchers have delineated and explored some of the key ways in which wearable user interfaces 
differ from ones that are merely mobile or hand-held [Rhodes 1997; Mann 1997], including “always 
on” performance, minimization of conventional manual input, sensitivity to environmental context, 
and the perception by the user and others that the device is intimately associated with (and, in some 
cases, considered to be “part of”) the user. 

These distinctions are, in part, tied up with the idea that wearable user interfaces are active during our 
normal interactions with the world, and therefore must avoid needlessly distracting us from the world.  
One way to address this is to make interaction, when possible, eyes-free—avoiding the need for the 
user to visually monitor a display, as we do with conventional GUIs, instead of attending to the world 
around them.  Even if the computer’s display is overlaid visually on the user’s view of the world 
through augmented reality [Feiner 2002], the need to watch virtual material in conjunction with or 
instead of the real world can be burdensome. This is especially true of interaction techniques that 
control a cursor to select items or manipulate widgets such as buttons and sliders—these are classic 
examples of replacing dedicated devices that do not always require visual interaction (e.g., physical 
buttons and sliders in familiar configurations) with the lowest-common denominator of mouse or 
stylus-driven virtual devices whose users must visually track a cursor. 

An alternative approach employs cursorless interaction techniques [Blaskó & Feiner 2004a]. Some of 
these techniques directly emulate devices such as buttons or sliders through interactions on dedicated 
areas of a touch-sensitive surface. Tactile landmarks, such as the raised bezel of a watch computer 
[Blaskó & Feiner 2004b], as shown in Figure 1, or the edge of a touchpad, guide the user’s fingers to 
the desired locations, without the need for visual feedback for the interaction technique itself. 

Figure 1. Cursorless menu design for 
research prototype watch computer. The 
user’s finger can easily follow the tactile 
landmarks established by the raised 
bezel (shown schematically on the right) 
to traverse the menu without visual 
interaction, once the user is sufficiently 
familiar with the menu design. (From 
[Blaskó & Feiner 2004b].) 
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The move to mobile and wearable computing has a number of other implications [Feiner 1999].  For 
example, the potential for same-place/same-time collaboration is greatly increased when users are 
mobile, rather than physically isolated at separate, stationary computers.  Furthermore, since mobile 
users can freely and quickly move in and out of each other’s presence, this encourages transient, 
evanescent interactions, some of which may transpire in less time than it takes to turn on and off a 
“conventional” hand-held device.   

Heterogeneity 

As displays proliferate, it is becoming common to use them in concert.  Desktop GUI users often 
spread their desktops across multiple displays, and it is difficult to find a clamshell mobile phone that 
doesn’t have two displays (or even three, counting the display on the Bluetooth earpiece). But, there 
are much more interesting possibilities than tiling several of the same or similar displays to emulate a 
single seamless desktop, or placing displays on different surfaces of a phone.  We have used the term 
hybrid user interface [Feiner & Shamash 1991] to refer to the synergistic combination of 
heterogeneous user interface technologies, whether displays or other interaction devices, to take 
advantage of the best features of each. 

In our earliest hybrid user interface prototype [Feiner & Shamash 1991], the user wore a tracked, see-
through, head-worn display through which they viewed the stationary flat panel display of a desktop 
computer.  The flat panel display served as the conventional desktop of an X11 window manager.  
However, when users moved windows to the edge of that display, they could continue onto the surface 
of a virtual hemispherical surround that was presented on the see-through head-worn display, 
effectively extending the desktop beyond the bounds of the flat panel.  That virtual space of this 
secondary display was centered about the user’s head and tangent to the flat panel primary display. 
While the secondary display was of lower quality than the primary display, it was much larger, since 
the user could look around to view different portions of it. Thus, the flat panel acted as a high-
resolution informational “sweet spot” inset within the larger and coarser context of the head-worn 
display.  Other approaches to combining heterogeneous displays have included embedding a high-
resolution flat panel within a lower-resolution projection screen [Baudisch et al. 2001], viewing part 
of a 3D model through an opaque stereo head-worn display while seeing a lower-resolution projection 
of the entire model through peripheral vision [Ilie et al. 2004], and moving a tracked hand-held Tablet 
PC on the surface of a larger projected tabletop to selectively view additional detail [Benko et al. 
2004].  In all these examples, the displayed material does not overlap because display of the context is 
suppressed in the overlap area, either through blanking it in software or physical obstruction. 

In contrast, a hybrid user interface can also use heterogeneous displays and interaction devices to 
display and interact with complementary overlapping content. For example, EMMIE [Butz et al. 99] 
uses tracked, see-through head-worn displays to embed a variety of other displays within a virtual 
visual “ether.” This allows a 2D search dialog, displayed and manipulated on a tracked, hand-held 
tablet, to be overlaid with 3D leader lines terminating on objects within the environment that fulfill the 
search criteria.  Similarly, Sandor and colleagues [Sandor et al. 2005] connect tracked physical 
interaction devices to the graphical objects that they control on desktop displays by overlaying labeled 
3D leader lines viewed on a tracked, see-through head-worn display.  

Figure 2. Frames from a sequence of cross-dimensional 
pull and push gestures that transition virtual objects 
between 2D and 3D display and interaction technologies. 
(a) Pull gesture begins by selecting the 2D object and 
beginning to form a grabbing gesture. (b) The 2D object 
disappears, while the 3D object appears from the table. 
(c) Holding the 3D object. (d) Push gesture begins by 
pressing on the table through the 3D object. (e) The 3D 
object disappears and the 2D object appears. (f) The 2D 
object, projected on the table. (Table surface is covered 
with black paper to provide a darker background for 
imaging the projected display through the live tracked 
video see-through display used to create these images.) 
(From [Benko et al. 2005].) 
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Benko and colleagues [Benko et al. 2005] make it possible for objects to be viewed and manipulated 
using 2D or 3D displays and interaction techniques and smoothly transferred between these different 
dimensionalities. A 2D touch-sensitive projected tabletop is viewed through a 3D volume that is 
displayed on a tracked, stereo, see-through head-worn display and manipulated with a tracked glove. 
As shown in Figure 2, virtual objects can be “pushed” or “pulled” between the displays using cross-
dimensional gestures that are recognized through simultaneous tracking of the user’s hands using the 
2D touch-sensitive surface and the 3D tracked glove. 

Adaptivity 

Long-lived and short-lived interactions, played out in a changing environment, with a dynamic mix of 
users, displays, devices, call out for the ability to sense and adapt to changing context. For example, 
even the relative motion of a user within a static 3D environment can dramatically alter what is visible 
at any given time.  We use the term view management [Bell et al. 2001] to refer to the automated 
dynamic layout of information that is presented to the user (e.g., virtual representations of physical 
objects and textual annotations) to enforce desired spatial relationships (e.g., to prevent more 
important material from being obscured by less important material), as demonstrated in Figure 3.  This 
can be made possible by the use of efficient algorithms that analyze the projection of the scene from 
the user’s viewpoint to determine an appropriate position and size for each item controlled by the 
system. While the example of adaptivity provided here addresses only layout, many other aspects of 
user interfaces, ranging from the content presented, to the displays and devices used, could be 
adaptively modified in response to contextual changes, to create more effective user interfaces. A key 
challenge is to make dynamic adaptation comfortable, understandable, and, in general, desirable to 
users, rather than confusing and unwelcome. 

Conclusions 
In the course of writing this position paper, I looked back at one that I wrote for the SIGGRAPH 1990 
Workshop on Software Architectures and Metaphors for Non-WIMP User Interfaces. While I was 
unsurprised that several of the research problems that I had discussed then remain far from solved 
today, I was struck by one way in which our field has measurably matured.  In 1990, yearly 
conferences relevant to HCI were few and far between. Outside of CHI and the barely two-year–old 
UIST, work on specific kinds of user interfaces could be presented at well established, but far broader, 
conferences, such as SIGGRAPH, Eurographics, Graphics Interface, and AAAI, or at a few relatively 

Figure 3. View management 
applied to the labeling of a 
virtual campus model and 
the layout of a meeting 
agenda and annotated 
building model, in a 
collaborative augmented 
reality system. The layout 
also automatically ensures 
that the line of sight is kept 
clear between the user at 
the center of the figure and 
the user from whose view 
the image is shown. 
(Photographed through a 
tracked, see-through, head-
worn display.) (From [Bell et 
al. 2001].) 
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new specialist venues, such as CSCW and I3D.  Now, some fifteen years later, many of the research 
areas listed in the present workshop call for papers and in this position paper have their own yearly 
conferences that are, in many cases, as long-lived (or longer) now as the eight-year–old CHI was then: 
VR, VRST, ICAT, ISMAR, UbiComp, MobileHCI, PerComm, MUM, ICMI, AVI, ISWC, and IUI, to 
name just some of the better known ones. While we still have a long way to go, the number of 
researchers working on these problems has increased tremendously, and there are substantial, 
individually cohesive (although, oftentimes, collectively disparate), research communities. 
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ABSTRACT   
Our current understanding of human interaction with hybrid 
or augmented environments is very limited. We here focus 
on ‘tangible interaction’, denoting systems relying on 
embodied interaction, tangible manipulation, physical 
representation of data, and embeddedness in real space. 
This synthesis of prior ‘tangible’ definitions allows us to 
address a larger design space integrating approaches from 
different disciplines. We introduce a framework that 
contributes to understanding the (social) user experience of 
tangible interaction. This understanding lays the ground for 
evolving knowledge on collaboration-sensitive design.  

INTRODUCTION 
Tangible User Interfaces (TUIs) and Tangible Interaction 
are terms increasingly gaining currency within HCI. 
Through embedding computing in the everyday 
environment and supporting intuitive use these approaches 
share goals with other novel approaches to HCI. Variations 
have been pursued over the last two decades as ‘graspable 
user interfaces’ [7], ‘tangible user interfaces’ [19], or 
‘tangible interaction’ [3, 5]. Design in this domain requires 
not only designing the digital but also the physical, as well 
as designing new types of interaction: these are new 
challenges for design and HCI. Through various effectws 
these systems lend themselves to the support of face-to-face 
social interaction, reflected in a considerable number of 
systems aimed at cooperative scenarios [1, 18, and see 19].  

Research until recently focused on developing new systems. 
A move towards concepts and theory can be detected from 
a special issue on ‘tangible interfaces in perspective’ [10]. 
However, attempts to develop frameworks have 
concentrated mainly on defining terms or on categorizing 
and characterizing systems (e.g. [17, 19]). While supporting 
structural analysis, mapping out the design space and 
detecting uncharted territory, these offer little advice when 
designing for real world situations and seldom address 
users’ interaction experience. There is still a need for 
conceptual frameworks, that unpack why ‘tangible 

interaction’ works so well for users [6]. Equally there is a 
need for principled approaches supporting research and 
design of these new hybrid environments.  

We have chosen to use ‘tangible interaction’ as an umbrella 
term, drawing together several fields of research and 
disciplinary communities. This view encompasses a broad 
scope of systems relying on embodied interaction, tangible 
manipulation and physical representation of data, being 
embedded in real space and digitally augmenting physical 
space. It covers approaches from HCI, computing, product 
design and interactive arts. The proliferation of computing 
into everyday appliances draws product designers towards 
IT product design [3, 5]. Artists and museums experiment 
with hybrid interactives. Increasingly systems are 
developed by users e.g. in architecture or biology. This 
becomes even more prominent with computing moving 
beyond the desktop and ‘intelligent’ devices spreading into 
all fields of life and work. Thus a conceptual understanding 
of this new interface type and knowledge supporting design 
becomes even more important.  

In this position paper we can only give a short overview of 
our framework that focuses on the user experience of 
interaction and aims to unpack the interweaving of the 
material/physical and the social aspects of interaction. It is 
described in more detail in [13]. The framework contributes 
to the larger research agenda of Embodied Interaction [6, 
15], offering four themes and a set of concepts. It builds 
upon results from a PhD project [11] and recent studies. 
One theme is described in detail in [12].  

A BROAD VIEW ON TANGIBLE INTERACTION  
We now give an overview of the dominant views and 
approaches on ‘tangible interaction’ and propose a 
deliberately broad, encompassing view. A look at the above 
mentioned approaches from other disciplines reveals that 
the ‘tangible interface’ definition frequently used in HCI is 
too narrow to encompass these. From the characterizations 
found, we can distinguish a data-centered view, pursued in 
Computer Science and HCI; an expressive-movement-
centered view from Industrial and Product Design; and a 
space-centered view from Arts and Architecture:    

• Data-centered view: [6, 10, 19] define ‘tangible user 
interfaces’ as utilizing physical representation and 
manipulation of digital data, offering interactive 
couplings of physical artifacts with “computationally 
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mediated digital information” [10]. This characterization 
of TUIs is dominant in HCI publications. Conceptual 
research from HCI and computer science tends to 
explores types of coupling and representations [19].  

• Expressive-Movement-centered view: An emerging 
‘school’ in product design aims to go beyond form and 
appearance and to design the interaction itself. This view 
emphasizes bodily interaction with objects, exploiting the 
“sensory richness and action potential of physical 
objects”, so that “meaning is created in the interaction” 
[5]. Design takes account of embodied skills, focuses on 
expressive movement and ‘rich’ interaction with ‘strong 
specific’ products tailored to a domain [3, 14]. The 
design community prefers the term ‘tangible interaction’.  

• Space-centered view: Interactive arts and architecture 
increasingly talk about ‘interactive spaces’. These rely on 
combining real space and real objects with digital 
displays or sound installations [2, 16]. “Interactive 
systems, physically embedded within real spaces, offer 
opportunities for interacting with tangible devices”, and 
“trigger display of digital content or reactive behaviors” 
[4]. Full-body interaction and use of the body as 
interaction device or display are typical for this approach.  

Tangible interaction, as we understand it, encompasses a 
broad scope of systems, building upon and synthesizing 
these approaches from different disciplinary backgrounds. 
These share the characteristics of tangibility/ materiality, 
physical embodiment of data, embodied interaction and 
bodily movement as an essential part of interaction, and 
embeddedness in real space [2, 3, 4, 5, 6, 10, 19].  

This concept of tangible interaction has a broader scope 
than Ullmer and Ishii’s [19] description of tangible 
interfaces: “giving physical form to digital information” 
and its subsequent physical control, which is often used to 
define TUIs. Tangible interaction includes tangible 
appliances or remote control of the real world [14]. This 
approach focuses on designing the interaction itself (instead 
of the interface) and exploiting the richness of bodily 
movement [3]. Interaction with ‘interactive spaces’ by 
walking on sensorized floors or moving in space [2, 16] 
further extends our perspective, the body itself being used 
as input ‘device’. Instead of using a restrictive definition, it 
seems more productive to address this larger design space 
and to interpret these attempts at conceptualization as 
emphasizing different facets of a related set of systems.  

RELATED WORK ON ‘TANGIBLE’ FRAMEWORKS  
Previous attempts to develop frameworks have focused 
mainly on defining terms, categorizing and characterizing 
systems, on types of coupling. Most frameworks take a 
structural approach, systematically mapping out an abstract 
design space, but seldom address the human interaction 
experience. The most notable push towards a theory of 
tangible interaction and an understanding of the interaction 
experience, was provided by Dourish [6]. He emphasizes 
how social action is embedded in settings, focusing on the 

social construction of meaning. Thus materiality itself, and 
its relation to the social has been less discussed.  

Support of social interaction and collaboration might be the 
most important, domain-independent feature of tangible 
interaction, but this issue has attracted little explicit 
attention. The pioneering work by [1, 18] of analyzing 
social use of TUIs and identifying social affordances found 
few followers. Even though many researchers agree that 
TUIs are especially suited for co-located collaboration, 
conceptual work often only briefly mentions visibility of 
actions and distributed loci of control as collaborative 
affordances. Evaluations often assess individual use, or give 
primarily anecdotal accounts of field use.  

The research community therefore lacks concepts for 
analyzing and understanding the social aspects of tangible 
interaction and design knowledge on how to design so as to 
support social interaction and collaboration. This has 
motivated the development of our framework, which 
focuses on the (social) interaction experience, addressing 
the broader design space of ‘tangible interaction’. 

OUR FRAMEWORK ON TANGIBLE INTERACTION 
The framework is structured around four themes (figure 1) 
that are not mutually exclusive, but interrelated, offering 
different perspectives on tangible interaction. A set of 
concepts elaborates each theme, providing more concrete 
handles for understanding their implications. Themes are:. 

• Tangible Manipulation      • Spatial Interaction  

• Embodied Facilitation      • Expressive Representation  
We now (briefly) present the four themes, explaining each 
theme’s relevance for tangible interaction and presenting 
the related concepts, characterized with a short question in 
colloquial language. A more detailed description of themes 
and concepts can be found in the authors’ CHI paper [13]. 

Theme: Tangible Manipulation (TM) 
Tangible Manipulation refers to the reliance on material 
representations with distinct tactile qualities that is typical 
for tangible interaction. Tangible Manipulation is bodily 
interaction with physical objects. These objects are coupled 
with computational resources [19] to control computation. 
The main concepts, colloquially phrased, are:  

Haptic Direct Manipulation: Can users grab, feel and move 
‘the important elements’? 

Lightweight Interaction: Can users proceed in small, ex-
perimental steps? Is there rapid feedback during 
interacting?  

Isomorph Effects: How easy is it to understand the relation 
between actions and their effects? Does the system provide 
powerful representations that transform the problem?  

Theme: Spatial Interaction (SI) 
Spatial Interaction refers to the fact that tangible interaction 
is embedded in real space and interaction therefore 
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occurring by movement in space. The interfaces take up 
space and they are situated in places. Interaction with 
spatial installations or interactive spaces can be interpreted 
as a form of tangible interaction that is not restricted to 
moving objects in space, but relies on moving one’s body. 
The main concepts for Spatial Interaction are:  

Inhabited Space: Do people and objects meet? Is it a 
meaningful place?  

Configurable Materials: Does shifting stuff (or your own 
body) around have meaning? Can we configure the space at 
all and appropriate it by doing so?  

Non-fragmented Visibility: Can everybody see what’s 
happening and follow the visual references?  

Full-Body Interaction: Can you use your whole body?   

Performative Action: Can you communicate something 
through your body movement while doing what you do? 

Theme: Embodied Facilitation (EF)  
Embodied Facilitation highlights how the configuration of 
material objects and space affects and directs emerging 
group behavior. We literally move in physical space and 
metaphorically in software space. Tangible interaction 
embodies structure and thereby styles, methods and means 
of facilitation. We can learn from facilitation methods how 
to shape physical and procedural structure so as to support 
and subtly direct group processes (for details see [12]). The 
main concepts are:  

Embodied Constraints: Does the physical set-up lead users 
to collaborate by subtly constraining their behavior?  

Multiple Access Points: Can all users see what’s going on 
and get their hands on the central objects of interest?  

Tailored Representation: Does the representation build on 
users’ experience? Does it connect with their experience 
and skills and invite them into interaction? 

Theme: Expressive Representation (ER) 
Expressive Representation focuses on the material 
and digital representations employed by tangible 
interaction systems, their expressiveness and 
legibility. Often hybrid representations combine 
material and digital elements, each with distinct 
representational qualities, In interaction we ‘read’ 
and interpret representations, act on and modify 
them. Here the main concepts are: 

Representational significance: Are representations 
meaningful and have long-lasting importance? Are 
physcial and digital representations of the same 
strength and salience?  

Externalization: Can users think and talk with or 
through objects, using them as props to act with? 
Do they give discussions a focus and provide a 
record of decisions? 

Perceived Coupling: Is there a clear link between 
what you do and what happens? Are physical and digital 
representations seemingly naturally coupled? 

On the Framework  
Frameworks focus our view, providing us with concepts 
that systematize our thinking. We feel that our approach is 
distinct from other frameworks by not offering taxonomies, 
but perspectives and themes for analysis and as conceptual 
guidance for design. Perspectives allow for systematic 
shifts of focus, highlighting different aspects of one object. 
The themes and concepts summarize our experiences from 
system assessments and reflections on design, in 
combination with a literature review on the use of material 
artifacts in social situations, distilling a set of social 
affordances [11]. The overall framework thus is the result 
of a synthesis of previous works and concepts developed by 
us. Recurrent themes or insights from literature have been 
integrated and fused into a larger framework focusing on 
the (social) use experience of tangible interaction. 

Figure 1 can be read from left to right as referring to the 
design space of tangible interaction from the specific to the 
general. Tangible Manipulation is the most specific theme, 
relying on the use of material objects. It applies best to 
systems usually referred to as tangible interfaces [19] and 
tangible appliances. Spatial Interaction and Embodied 
Facilitation provide insights relevant for the broader 
research area of ‘embodied interaction’ [6], where 
movement in space and physical configuration of 
computing resources are central characteristic, e.g. mobile 
interaction and ubiquitous computing. Expressive 
representation, insofar as it concerns tangible 
representations, is specific to tangible interaction, but can 
be generalized to mixed reality representations. The 
Embodied Facilitation and Spatial Interaction themes are 
the most concerned with understanding and supporting 
social interaction. The other two themes address aspects of 
the user experience that support social interaction in 

 
Figure 1. Tangible Interaction Framework with themes and concepts  



 

indirect ways, e.g. lowering participation thresholds, 
making action publicly available, or providing shared 
references, while being important for single users as well.  

The framework is organized on three levels of abstraction. 
The themes offer perspectives at an abstract level and 
define broad research issues such as the role of space. 
Themes are each elaborated by a set of concepts that 
provide analytical tools, summarize generic issues, help to 
pinpoint design mistakes and successes or to guide design 
on a conceptual level. A level of more directly applicable 
design ‘guidelines’ is in development for practical 
purposes. These are not meant to be strict rules, they rather 
act as ‘design sensibilities’ [4, 8], inspiring and thought-
provoking suggestions.  

CONCLUSION 
Several previous frameworks have aimed at design for 
social interaction (e.g. [8]) or at tangible interfaces. Few 
have combined both fields of interest. Our framework 
contributes to the larger research agenda of Embodied 
Interaction [9], providing insight into the relation of 
embodied and social interaction. It integrates and fuses 
relevant recurrent themes and concepts from previous 
attempts at conceptualizing tangible interaction. For 
example the seminal work of Fitzmaurice [7] addressed 
issues strongly related to the tangible manipulation theme, 
albeit focusing on the usability and effectiveness of haptic 
directness. In recent years more emphasis has been directed 
to the aesthetic and expressive aspects of manual interaction 
with objects [3, 5]. Yet these attempts have mostly 
investigated the individual user experience. While all of 
these are important contributions that have inspired us, they 
often considered isolated aspects. Our aim has been to 
integrate these into a wider framework that focuses on the 
overall (social) use experience. Our aim has been to 
develop a better understanding of the user experience of 
tangible interaction and concepts for analyzing its social 
aspects along with knowledge aiding collaboration-
sensitive design.  
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When seeing the title of this workshop, I realize that in academia, we are often fixated on the 
computer itself rather than on what it is supposed to accomplish. Our conferences are called 
things like “Human-Computer Interaction”, “Ubiquitous Computing”, or “Computer Graphics”. 
Even supposedly alternative paradigms like “ambient” or “pervasive” computing places too much 
emphasis on how things are done, rather than what we should be doing. 
 
In fact, the notion of “human-computer interaction” is a remnant of an increasingly outmoded 
way of thinking about digital technology. The term “computer” itself is now so loaded with 
meaning, that looking for new ways to “interact with computers” can be genuinely 
counterproductive. Instead of looking for new human-computer interfaces, what we should think 
about is interaction models and applications where humans and computing (rather than 
computers) co-exist. I propose that rather than “human-computer interaction”, we should talk 
about “the use and design of digital artefacts.” 
 
Let’s take a few steps back. During the last decade, HCI researchers have been developing a 
multitude of alternatives to the traditional desktop computer. In the hope of improving how we 
interact with digital information, we have seen a number of new paradigms, such as virtual 
reality, graspable interfaces, tangible interfaces, augmented reality, mixed reality and so on. 
 
But at the same time, re-thinking the desktop computer has become a largely irrelevant pursuit. It 
is a battle that has already been both won and lost. Won, in the sense that the computer we have 
today is as successful an incarnation of the original vision of “intuitive interfaces” as we could 
hope for. Lost, in the sense that progress has already bypassed the “computer” – and a large part 
of the HCI community with it.  
 
The modern computer interface came together at Xerox PARC in the mid-70’s, building on 
research in the 60’s on interactive graphics, input devices, networking and other fundamental 
technologies. After Xerox had failed to capitalize on their inventions, Apple licensed some of the 
patents and in 1984 launched the Macintosh. The rest is history, as windows, icons, mouse and 
pointers eventually became the standard for interacting with computers. So successful was this 
paradigm that the gigabyte and gigahertz workstations we all use today are – on the surface at 
least – hard to distinguish from a Xerox terminal of almost 30 years ago. But if capabilities like 
memory and speed have increased many thousand times, why are we still using the same tired 
setup of screen, keyboard and pointer to get data into and out of the computer? 



 
The main reason is that while the idea was excellent to start with, technology took a while to 
catch up. The Xerox Star, launched in 1981, had just about everything we expect of a computer 
today; WYSIWYG editing, intuitive graphical interfaces, networking with laser printers and 
servers, and so on. It was also practically unusable. The graphics-intensive software and flexible 
networking capabilities coupled with a slow processor and limited memory led to a system that 
had no chance of running at reasonable speed. The engineers had been so concerned with making 
a “perfect” system that they failed to take into account if it was actually feasible given the 
technological limitations of the day.  
 
Around the same time, engineers at a rival company were working within strict technical 
limitations on a project that turned out to be much more successful: the IBM Personal Computer, 
or PC. Compared to the Star, the PC was laughably primitive – no networking, no graphical 
interface, no WYSIWYG editing, not even a mouse. But it worked. And the PC standard turned 
out to remarkably flexible, so that over the years it has been able to accommodate all the Star’s 
features and more – turning it into the computer that Xerox tried, and failed, to make. 
 
Today’s desktop computer is very close to what the engineers at Xerox tried to create, but 
couldn’t with the technology of the day. The interface is by no means perfect, but for what it does 
it is pretty damn good – and it is not likely to change. For information processing, document 
creation, network management, and the hundreds of other tasks we perform at the desktop, it 
works just fine, thank you very much. And desktop computers with graphical user interfaces are 
used by hundreds of millions of people around the world. The battle has been won – the intuitive 
computer interface is here.  
 
This remarkable success story is perhaps the best confirmation possible that a sufficiently strong 
vision of interactive technology can have a huge – if in this case substantially delayed – impact. 
The interface that the engineers and designers at Xerox envisioned just needed a few decades of 
increasing computing power to become viable, but the basic idea was good enough to still be in 
use 30 years later. 
 
Today, there is no need to re-think the fundamental way in which we interact with desktop 
computers. Instead, if we want to progress we should be looking for applications that are 
completely orthogonal to the desktop. This means abandoning not only the idea of a “computer”, 
but even that of an “interface” altogether!  
 
The problem is more deeply rooted than many perhaps realize. The traditional (and technically 
correct) view of a computer is a programmable central processor with which humans 
communicate using a set of input and output devices.  This view has been relevant ever since the 
first digital computers right up until the last decade or so, and is still correct when it comes to the 
desktop computer. But it is not the right way to think for future digital applications. As 
computing becomes diffused into the world, it is not meaningful anymore to separate “computer” 
and “interface” into distinct entities.  
 
Yet, this is exactly the thinking behind many popular new interface paradigms. One example is 
“tangible interfaces”. The vision described by Ishii and Ullmer (1997) was to turn “painted bits” 
(graphical user interfaces) into “tangible bits” (tangible user interfaces). This involved creating 



new physical input and output devices, such as Phicons, Ambient displays, etc. These input and 
output devices were all clearly different from the mouse, keyboard and screen paradigm; yet, at 
heart they were fundamentally the same. Rather than being a new model for interacting with 
computation, tangible interfaces keep the same mental model of a computer – a central processor 
coupled with a set of inputs and outputs. This model is still obviously reflected in popular toolkits 
for building tangible interfaces, such as Phidgets (Greenberg and Fitchett 2001), where new 
interactions devices are always controlled by a central (desktop) computer.  
 
A problem with this way of thinking is that it decouples the computation from the actual activity. 
The “computer” is on one side of a barrier, with the human on the other, and the interface sit in-
between. It can lead to the mistake of thinking that it is enough to re-design the interface, 
whereas in fact the whole activity must be considered as a unit if a real change is to be 
accomplished. But the “computer” (or rather the program running on it) is not an abstract entity 
isolated from the user – because if we change what the computer does, we also change the 
interaction.  
 
Therefore, creating novel input and output devices is simply not enough, if we keep the same 
mental model of a human and a computer separated by an interface. “Re-thinking the way we 
interact with computers” to find the interactive applications of the future is about as fruitful as 
making a new running shoe by “re-thinking the car”.  
 
If we continue the analogue of a car, we do not think of the gas pedal as a “human-motor 
interface”, or the steering wheel as a “human-wheel interface” even though that is technically 
correct (in the same way that the mouse or GUI is a “human-computer interface”). Instead, we 
think of them as controlling the things a car should do – taking us from one place to the other. In 
the same way, we do not “interact with computers” anymore, we “do things that are supported by 
computations” such as write documents listen to music, etc. – just like we do not “interact with 
the motor and the wheels” in a car, we “drive from A to B”. 
 
An alternative way of thinking that I find attractive, but still not completely satisfactory, is the 
“augmented artefacts” approach (Beigl et al 2001). This was also the way of thinking that 
motivated the Smart-Its project, a system for digitally augmenting everyday artefacts with 
sensing and computation (Holmquist et al 2004). In this approach, the starting point is an 
everyday artefact that is augmented with sensing and computation. The original function of the 
artefact is unaffected by this augmentation but additional functionality is added.  
 
In the case of the MediaCup, for instance, an ordinary coffee was augmented by adding a 
processor, heat and movement sensors, and an infrared transceiver. The original function remains 
– the cup is still good for drinking from – but the cup is also context-aware, and can for instance 
give a report on its position and usage. While the MediaCup still required a central computer for 
data processing (as did most, but not all, Smart-Its-based demonstrations) it was still a break from 
the human-computer interface mental model in that users never consciously “interacted” with a 
computer – they just used a coffee cup as they would have done anyway. 
 
Of course, I am not the first one to try to drop the “computer” from the field of human-computer 
interaction. The terms “interaction design” and, more recently “user experience design” are 
commendable alternatives. “Information appliances” have been introduced to describe smaller, 



more specialized digital devices. And the original vision of “ubiquitous computing” as proposed 
by Mark Weiser captured much of what I am looking for, in particular by explicitly substituting 
“computers” with “computing”, thus emphasising what computers do rather than the actual 
computer (a fine point that is often lost!) 
 
However, for the sake of this workshop, I wanted to find a term that focuses on the specific 
artefacts that will usher in the next era, not of human-computer interaction, but of human 
activities augmented by digital technology. Therefore, I propose to replace “human-computer 
interaction” with “the use of digital artefacts”. This captures both the activity aspect (“use”), that 
we are doing something new (“design”), the reliance on computation (“digital”), and finally, that 
we do not consider interface and computer separate but the entire object as a whole (“artefact”). It 
is a slightly unwieldy term, but it will do for now. 
 
I look forward to discussing this further at CHI 2006 – no matter what the workshop happens to 
be called! 
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To answer what is the next generation of HCI, we need to look back a bit and determine 
what generation we are on now and what constitutes a generational shift. Everyone can 
agree that command line and GUI are two distinct generations. So, how do we know the 
boundaries of one generation from the next? For example, what about the cell phone and 
PDA interfaces? What about the internet revolution? One could argue that these systems 
still use the WIMP (windows, icons, menus, pointer device) elements and so belong to 
the GUI generation, yet I think they introduced some significant changes and usage 
models.  
 
GUIs are composed with WIMP (Windows, Icons, Menus, Pointing device) elements. 
There should be a corresponding set of elementals for this next generation UI. However, 
do we have to start from scratch? Are we trying to reinvent the wheel? It’s like saying the 
caveman invented the wheel so “what’s the next generation of the wheel?” Yet, the wheel 
will always be valuable. It just continues to get refined and augmented. 
 
In fact, perhaps we have recently reverted back to command line interfaces since we type  
in text for specifying web addresses and conducting web searches. But let’s look forward. 
 
 
 
Future Trends 
In general I believe the domain of human computer interaction has expanded from 
focusing primarily on “office worker” activities to consumer activities (e.g., 
entertainment, content delivery and commerce). Here are some thoughts for the future 
HCI generational changes: 
 
Less representational and more actual. We will expand our interactions to real world 
situations and I think “Augmented Reality” is a good encompassing phrase.  Currently, 
GUIs deal with representations of things (e.g., a file icon represents a document). The 
next generation will deal with the manipulation of real world artifacts.  Within the GUI 
desktop, interface elements will continue to look more realistic (e.g., like VCR transport 
controls for playing DVDs) 
 
Provide transparent transactions. Our transactions with the computer are very explicit 
and everyone around us knows when we are interacting with a computer. In the future, 
we should have the capability to provide transparent transactions. That is, other people 
observing us are unaware that we are performing transactions (e.g., looking up a person’s 
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name while having a conversation with the person). In terms of augmented reality, it is 
also possible to have transparent transactions with a computer while manipulating 
physical artifacts (e.g., an RFID tag embedded in our clothes signals when we are in a 
store).  
 
No more storage management. Why do I have to keep managing my data (moving it 
between computers and devices, conducting backups, getting more storage, moving my 
data when I get a new system)? Perhaps there can be a central repository on the net (say 
iron mountain) that manages, stores and caches my data with an unlimited storage 
capacity. While this would be handy for a GUI based system, with an augmented reality 
system, I doubt we want to have to deal with storage issues. Instead the reality-based UI 
concept will focus on issues of ownership of an object and if I currently have an object 
present with me.    
 
More pleasurable rather than efficient articulation. For explicit, human-computer 
dialogs, next generation interfaces should focus on defining pleasurable instead of solely 
efficient designs. For example, much of the research effort has been in designing efficient 
interaction techniques (e.g., reduce pointing time, reduce number of button clicks). This 
may be akin to the progression of design and overall experience for the automobile. The 
original automobile was purely functional. Slowly it evolved into offering luxury 
finishes, smooth manual gear shifting with high performance suspension systems. 

 
These last three are more targeted towards existing GUI based systems: 
 
GUI: Move from ugly aesthetics towards cinematic visual experiences. On traditional 
desktop systems, most of the visual experience is quite poor. Shifting towards a more 
cinematic visual experience is important when dealing with people who are more casual 
users. The Apple Mac OS X operating system is a good example here of shifting towards 
more cinematically rich visual experiences. For the augmented reality systems, the 
analogy does not hold up as strongly – it means shifting from real world objects and 
physical environments to highly stylized environments (e.g., theatrical stages or Disney 
world) and desirable artifacts (e.g., iPod nano).  
 
GUI: Tackle the huge learnability of complex software systems. Many applications are 
very difficult to learn from an initial “walk-up and use” situation as well as providing 
continual learning and improvement for the user. How can we provide better ways of 
finding and presenting this knowledge? One way may be to use video-based examples.  
 
GUI: video friendly interactions. For GUI based systems, our future designs must handle 
video as a core element. We need to be able to go beyond the idea of creating, editing, or 
just watching a video. I think the time has come where video can be used as an input 
stream such that the content is analyzed, objects are recognized, tracked and selectable 
with embedded links to augmented content.  
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Target a task or activity 
In all of this analysis, we first must be guided by determine what people want to do. Next 
we need to determine if and how we can improve upon their desired activity by 
introducing computational artifacts. Only then can we begin to design and determine the 
proper input/output devices, computer infrastructure and preferred interaction model. 
 
Here are my favorite samples of tasks or activity for the next generation: 

- As we may think (“memex”) by Vannevar Bush.  His vision was to augment 
intelligence by providing a memory extender. 

- Retrieve and display a person’s name when you meet them. 
- Commerce. The ultimate killer application. Shopping occurs in the real world 

with real artifacts and is ubiquitous. 
 

Real World Interaction (RWI) 
With digitally augmented real world interactions, there are a number of determinations 
users will conduct when interacting with the digitally augmented objects. These 
properties include the :  

(1) Scope of operability. What environments does this object operate in? For 
example, it only works when it is on a sensing table or above ground. 

(2) Location sensing. The object has an awareness of it’s physical location (such as  
GPS) and reacts to events based on locations.   

(3) Sharability. Will the information or state of the digital object be transmitted to 
other elements or users in the interactive system for collaborative use? 

(4) Online or Offline states. Does the digital object have access to the internet, cell 
phone network or a personal PC network? Secondly, if the digital object has 
network capabilities, is it currently connected or disconnected. 

(5) Data flow. Does the digital object represent a “push” technology or a “pull”? A 
push technology is one that if an event happens with the object, the results are 
manifested at a different location. A pull technology is one that if an event 
happens with the object, the object reacts and has added information or value 
immediately available (often manifested with visual display or feedback). 

(6) Anatomy of a transaction. What signals the start and end of a transaction? What is 
the duration of a transaction? Some transaction could last days or months, etc. 

(7) Persistence of transaction. Users need to determine how lasting the effect of the 
interaction will be – how long with this information be stored and relevant for 
future interactions.  

(8) Privacy of transaction. Who can access information retained by the digital object 
or the transaction log of interactions the digital object has participated in and 
possibly transmitted to other devices on a network?  

 
All of these descriptions have an implicit assumption that a physical artifact serves as a 
container or conduit for some digital artifacts. Consequently, the physical characteristics 
of the physical artifact will determine the “chunking” and phrasing of the combined 
physical and digital interaction. 
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Sample technology for discussion - Electronic Shelf Labels 
 
1) NCR RealPrice (http://www.ncr.com/en/products/hardware/esl.htm) 
 
These electronic shelf labels allow prices to be changed dynamically and almost instantly 
throughout the store by communicating with a wireless base station. They are a good 
example of augmenting the real world with digital computation and displays.  

 

 

 
 

 
2) ILID Fujitsu1

 
“ILID is a unique technology that uses a building’s existing lighting system to carry 
information to electronic display devices such as electronic shelf price labels. The 
technology provides a simple low-cost means of transmitting data from a central 
computer to a large population of receiving devices.  
 
 
 

                                                 
1 Excerpt taken from ILID Fujitsu web page:  
(http://www.fujitsu.com/au/services/industries/retail/solutions/esl/) 
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ILID Electronic Shelf Labels are fully portable, self-powered and operate in adverse 
environments such as freezers and fresh produce areas. Because light is used to transmit 
price changes and other information, there is no need for radio frequency or infrared 
transmission hardware. The devices themselves can be located almost anywhere – they 
do not need to be in a direct line of sight as they will work with reflected light or even 
light transmitted through a translucent object.  
 
The ILID system revolutionizes the way both retailers and customers view product 
pricing. For retailers it becomes an effective pricing tool by eliminating time-consuming 
price-marking and by simplifying product promotion. For customers it guarantees that the 
price on the shelf will be identical to that paid at the checkout. Also, other information 
such as savings on discounted prices can be quickly and easily displayed.” 
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ABSTRACT 
Our physical bodies play a central role in shaping human 
experience in the world, understanding of the world, and 
interactions in the world. Reality-based interfaces promise 
to better leverage the capabilities of our bodies in human-
computer interaction. In two themes, thinking through 
doing and thick practice, we introduce aspects of human 
bodily engagement with the world that designers of 
interactive systems should attend to.  

INTRODUCTION 
One of the most sweeping (and unintended) transformations 
that the desktop computing paradigm has brought about is 
the extent to which the physical performance of work has 
homogenized. With a keyboard and mouse interface, the 
use of our bodies for writing a paper is the same as for 
editing photographs. And playing music. And 
communicating with friends and family. Reality-based 
interfaces such as tangible UIs and augmented reality 
applications promise to reintroduce our bodies’ capabilities 
for rich and subtle expression into human-computer 
interaction. For a combination of computation with real-
world actions and artifacts to be successful though, a 
thorough understanding of what each can offer is needed 
first. 

In our current work, we are shifting focus from the 
technologies of embodied interaction to the participating 
human bodies themselves. New design considerations 
emerge when our bodies are understood as more than just 
“Baby Bubbleheads” (i.e., the Model Human Processor 
[3]). By drawing on psychology, sociology, and philosophy, 
we seek to elucidate how human bodies shape experience in 
the world, understanding of the world, and interactions in 
the world. We hope to contribute to the discussion about the 
future of HCI a set of interaction design considerations for 
active bodies and a language that can both stimulate 
ideation and give guidelines for evaluation of reality-based 
interfaces.  

We have identified five themes that we believe are 
particularly salient for designing and evaluating interactive 
systems. The first, thinking through doing, describes how 
thought (mind) and action (body) are deeply integrated and 
how they co-produce learning and reasoning. The second, 
performance, describes the rich actions our bodies are 
capable of, and how physical action can be both faster and 

more nuanced than symbolic cognition. Visibility describes 
the role that observable actions on physical artifacts play in 
collaboration and cooperation. Risk explores how the 
uncertainty and risk of physical co-presence shapes 
interpersonal and human-computer interactions. The final 
theme, thickness of practice, argues that because the pursuit 
of digital verisimilitude is more difficult than it might seem, 
embodied interaction that gives primacy to the physical 
world may be a more prudent path. In this paper, we 
provide an overview of two of the five themes and show 
how both are concerned with the tradeoffs between physical 
presence and virtual representation. 

THINKING THROUGH DOING 
Direct physical interaction with the world is a key 
constituting factor of cognitive development during 
childhood. The importance of physical action as an active 
component of cognition extends throughout life. In this 
section, we review the connection between thinking and 
doing as uncovered by educational theorists, gesture 
researchers, and cognitive scientists. Cumulatively, their 
empirical work point towards a common nexus of 
perception, cognition, and action.  

Learning through doing 
Being able to move around in the world and interact with 
pieces of the world enables learning in ways that reading 
books and listening to words do not. Jean Piaget [18] 
posited that cognitive structuring requires both physical and 
mental activity. Particularly for infants in the sensorimotor 
stage of development, physical interaction in the world 
facilitates cognitive development [11]. In this very basic 
sense, humans learn about the world and its properties by 
interacting within it. 

Pedagogies such as the Montessori method [17] employ 
bodily engagement with physical objects to facilitate active 
learning. The use of tangible manipulatives has been shown 
to improve elementary school student understanding of 
mathematical concepts. Such educational methods nicely 
leverage the bodily basis of mathematical concepts for 
learning [14]. Physical reasoning can also play an important 
role in professional and higher education. An example is the 
Illuminating Light interface [23], which enables students to 
create light reflection simulations by placing tangible 
reflectors on a tabletop surface with virtual projection (see 
Figure 1). 



 

The Role of Gesture 
Just as moving about in the world helps learning, gesture 
plays a role in pre-linguistic communication for babies [9] 
and aids cognition and fully linguistic communication for 
adults. From studies of gesturing in face-to-face 
interactions, we know that people use gesture to 
conceptually plan speech production [2] and to 
communicate thoughts that are not easily verbalized [4].  

While gesturing is normally thought of as having a purely 
communicative function, many studies suggest that gesture 
may also play a helpful role for the speaker; for example, 
even congenitally blind children gesture [10]. For both 
adults and children, gesturing has been shown to lighten 
their cognitive workload [6]. 

Beyond continuing work in gesture recognition and 
synthesis, a less obvious but no less important point is that 
systems that constrain gesturing (e.g., by having your hands 
stuck on a keyboard) are likely to hinder the user’s thinking 
and communication abilities. Consider telephones: we have 
seen shifts from corded phones to cordless phones to 
mobile phones and mobile phone headsets. Experimental 
studies demonstrated that more physical mobility increased 
user creativity and disclosure of personal information in 
microphone use [24]. The increasingly freeing form factors 
of telephone technologies help users think and 
communicate by getting out of the their way. 

Epistemic Action 
Bodily engagement with physical and virtual environments 
constitutes another important aspect of cognitive work. We 
are familiar with people leaving keys or notes for 
themselves in strategic locations so that they serve as 
reminders in the future.  

Distinguishing pragmatic action — manipulating artifacts to 
directly accomplish a task — from epistemic action — 

manipulating artifacts to better understand the task’s 
context [12], provides an interpretation for such behavior. A 
laboratory studies of Tetris gameplay [15] illustrates the 
importance of epistemic action. One might expect that the 
predominant task in Tetris is piece movement with the 
pragmatic effect of aligning the piece with the optimal 
available space. However, contrary to intuitions, the 
proportion of shape rotation that are later undone by 
backtracking increases (not decreases) with increasing 
Tetris-playing skill levels: players manipulate pieces to 
understand what they are and how different options would 
work. 

An analogous example of how a user’s environment may be 
appropriated to facilitate cognitive work that would 
otherwise have to be done entirely in the head is how 
people move lettered tiles around in the game of Scrabble to 
help explore possible word formations [16]. 

Thinking through prototyping 
Iterative design practices provide yet another perspective on 
the importance of concrete, artifact-centered action in the 

world to aid thought. Reflective practice, the framing and 
evaluation of a design challenge by working it through, 
rather than just thinking it through, points out that physical 
action and cognition are interconnected [19]. The 
production of concrete prototypes provides the crucial 
element of surprise, unexpected realizations that the 
designer could not have arrived at without producing a 
concrete manifestation of her ideas. 

The backtalk that artifacts provide helps uncover problems 
or generate suggestions for new designs. Prototypes thus 
become the “essential medium for information, interaction, 
integration, and collaboration” [20]. Beyond backtalk, 
creating intermediate tangible artifacts allows for 
expression of tacit knowledge. It also facilitates 
communication within a design team, with clients, or users, 
by providing a concrete anchor around which discussion 
can occur. Prototypes then present us with a different kind 
of embodiment: they themselves embody design ideas or 
specifications, render them concrete and, in doing so, 
inform the designer’s thinking.  

THICK PRACTICE 
It may seem a platitude, but it is worth repeating that, “if 
technology is to provide an advantage, the correspondence 
to the real world must break down at some point” [7]. 
Interaction design is simultaneously drawn in two 
directions. First, the promise of new technology is that it 
provides previously unavailable functionality. Second, in 
designing almost any new technology, one is drawing on 
existing human understanding of the world. In the creation 
of the new, much technology formalizes some aspects of a 
work practice. However, a complete formalization of 
practice is an elusive goal — important aspects of real-
world work often remain invisible to system designers and 
are subsequently denied by the introduction of new 
technology (cf. [21]). 

This section argues that interfaces that are the real world 
can obviate many of the difficulties of attempting to model 
all of the salient characteristics of a work process as 
practiced. This argument builds on Weiser’s exhortation to 
design for “embodied virtuality” rather than virtual reality 
[25]. Designing interactions that are the real world instead 

Figure 1   The tangible Illuminating Light workbench lets 
students learn about optical systems by designing them.
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of ones that simulate or replicate it hedges against 
simulacra that have neglected an important practice. 

A system that respects the primacy of physical practice is 
Final Scratch [1], which provides access to digital music for 
DJs through specially encoded vinyl records (see Figure 2). 
These vinyl records contain a time code instead of an audio 
signal. The system interposes a soundcard into the signal 
path between turntable and mixer to pick up the time code, 
link it to playback of digital music files on a laptop 
computer, and return that audio signal to the inputs of the 
mixing console. FinalScratch affords continuity of practice 

— skills acquired over years of practice still apply since the 
physical interface has not changed. DJs regard it as superior 
to competing digital control products (such as CD players 
with jog dials) because digital controls do not provide the 
sensory richness or the nuance of manipulation offered by 
the “real thing.” 

Books with Voices [13] augments paper transcripts of oral 
histories with barcodes printed alongside the text. These 
can be scanned by a PDA to access original audio 
recordings. In retaining the printed paper page as the 
primary artifact around which interaction is structured, the 
system embraces existing reading practices, grafting digital 
media onto them. 

The project of technology is the creation of increasingly 
malleable materials, and computation is perhaps the most 
malleable created so far. Given the techno-utopian ideology 
of computer science, it can seem heretical to suggest that 
one should undertake a project other than replacing the 
physical world. Clearly, the digital world can provide 
advantages. To temper that, we argue that because there is 
so much benefit in the physical world, we should take great 
care before unreflectively replacing it. More precisely, from 
a design perspective, solutions that carefully integrate the 
physical and digital worlds — leaving the physical world 
alone to the extent possible — are likely to be more 
successful by admitting the improvisations of practice that 
the physical world offers. 

REPRESENTATION AND PRESENCE 
A shared problematic underlies the discussion of both 
preceding themes: which parts of a reality-based interface 
should be assigned to the virtual realm and which to the 
physical realm in order to best combine the affordances of 
both? Is it more advantageous to start with a symbolic 
model and reify it by providing physical handles that 
represent objects in the virtual world, as in the Illuminating 
Light workbench? Or should one instead focus on 
preserving the presence of existing artifacts and enhance 
them with virtual functionality, as in the FinalScratch 
system?  

The promise and challenge of reality-based interfaces lies in 
the fact that they simulatenously represent an underlying 
digital model (they stand for something else), while they are 
also present (in immediate existence) in the actor's world. 

The crux for interaction design then is deciding how to tie 
properties arising out of the presence of the interface to 
properties of the digital information being represented and 
vice versa.  

Tangibility offers both direct familiarity and a set of 
common metaphors to leverage in interaction. But some 
mappings between the physical and the virtual work, while 
others clearly don’t. An example of an interactive system 
that successfully leverages our familiarity with everyday 
physics is the automotive drive-by-wire system that uses 
force feedback to alter driver perceptions of the road [22]. It 
discourages lane drifting by exerting forces on the wheel 
such that the driver has the impression that the driving lane 
is shaped like a shallow bathtub. On the other hand, a 
professor of computational logic demonstrates to his class 
how propositional inference can be performed in physical 
space using stackable boxes – however, in this case a purely 
symbolic representation of the problem on paper will yield 
a solution much more quickly. 

So what guidelines can we give to designers? 
Djajadiningrat et al. [5] cite that many tangible user 
interface researchers have gravitated towards “natural” 
mapping, which are intuitively understandable because of 
their straightforward identification of virtual attributes with 
physical ones. I.e., objects are positioned in virtual space by 
moving physical handles in physical space. We share their 
concern that these identifications are only possible for a 
restricted domain of systems – how do we interact with 
symbolic information that does not have an obvious 
physical equivalent? While we cannot provide ready 
operationalizable guidelines, we believe the problem of 
developing successful representation strategies is a fruitful 
area for further research. 

CONCLUSION 
Hollan and Stornetta argue that the impact of electronic 
media should not be measured by how well they can 
approximate the affordances of face-to-face interaction, but 
rather how they can surpass the constraints of co-presence 
and co-location to offer value that motivate their use even if 
face-to-face communication is available [8]. Similarly, we 
should not just strive to approach the affordances of 

Figure 2   Final Scratch: encoded vinyl for digital music. 



 

tangibility in our interfaces and interactions, but to go 
beyond what mere form offers. A better understanding of 
the affordances of physicality and concreteness for the 
design of interactive systems is a first step in this direction. 
We believe this work will be of value both generatively — 

helping designers come up with new solutions — and for 
evaluation — providing a rich set of axes for analyzing the 
benefits of systems. 
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Opportunities and Challenges for HCI Design and Research∗

Jim Hollan

Distributed Cognition and Human-Computer Interaction Lab
Department of Cognitive Science, University of California, San Diego

(Email: hollan@cogsci.ucsd.edu Web: http://hci.ucsd.edu/hollan)

The decreasing cost, increasing power, and miniatur-
ization of commodity computing devices continues to en-
able ever wider application of computation. The history of
computing hardware can be summarized as a progression
from a focus on low-level components towards integration
on larger and larger scales, from vacuum tubes and tran-
sistors to LSI, VLSI, chipsets, personal computers, LANs,
WANs, and now the global internet. Today there is also a
move in the opposite direction as the monolithic “com-
puter” is being unbundled into fragmentary components.
Currently these components are reemerging coalesced in
a multitude of forms, ranging from the rapidly evolving
cell phone to novel embeddings in an expanding array of
everyday objects.

But this machine-oriented view is far too narrow, be-
cause progression on the human side has been at least
as dramatic and important, from isolated single users,
to timesharing, to groupware and support for commu-
nity activities, to the frontier where ubiquitous, wire-
less, context-aware, multi-modal, mobile computing en-
ables currently unknown social possibilities. These rad-
ical changes and associated further imbuing of our pro-
fessional and personal activities with computation present
enormous new challenges for HCI design and research.

These challenges make this a most propitious time to
convene a workshop to discuss the next generation of HCI
and, I would argue, to take stock of where the field is,
how we got here, and how best to proceed. Understanding
computationally-based systems and ensuring their future
design respects human needs and abilities are intellectual
challenges of singular importance. These challenges in-
volve not only complex theoretical and methodological
issues of how to design effective computationally-based
representations and mechanisms of interaction and com-
munication but also confront complex social, cultural, and

∗Position paper for CHI 2006 Workshop: What is the Next Genera-
tion of Human-Computer Interaction?

political issues such as those of privacy, control of atten-
tion, and ownership of information.

As with many challenges there is also opportunity. For
example, the same forces leading to the unbundling of
the monolithic computer and ubiquitous computing are
also changing the nature and richness of data we can col-
lect about human activities. In the history of science, the
appearance of new technologies for collecting or analyz-
ing data has frequently spawned rapid scientific advance-
ment. The human genome project, for example, would
have been unfathomably complex without automatic DNA
sequencing technology. In the present case, a new genera-
tion of inexpensive digital recording devices is revolution-
izing data collection for studying human activity, extend-
ing it to situations that have not typically been accessible
and enabling examination of the fine detail of action cap-
tured in meaningful settings.

There are myriad important issues that would bene-
fit from workshop discussion. Topics range from re-
search strategy questions (e.g., tradeoffs between small-
science and big-science approaches, the importance of
open source for HCI, etc.) to how to better bridge the
cultural chasms between the disciplines involved in HCI
to support the interdisciplinary graduate programs so ur-
gently needed to train the next generation of human-
computer interaction researchers.

In this position paper I briefly comment on the proposed
discussion starting point for the workshop, describe op-
portunities arising from new facilities to capture and share
detailed records of activity, and discuss the importance of
capitalizing on these opportunities as one component in
elaborating a research agenda for next generation HCI re-
search.

Proposed Starting Point: Reality-Based Interaction
The proposed starting point for the workshop is the no-

tion of “natural or realistic interfaces or reality-based in-
terfaces” that “increasingly draw their strength from ex-
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ploiting users’ pre-existing skills and expectations from
the real world rather than trained computer skills.”

It is argued that

A unifying characteristic for much next gener-
ation HCI may thus be that it increasingly taps
into the users’ abilities and pre-existing knowl-
edge. Direct manipulation moved user inter-
faces toward more realistic interaction with the
computer; next generation reality-based inter-
faces push further in this direction, increasing
the realism of the interface objects and allow-
ing the user to interact even more directly with
them. ...

Finally, work that helped define the GUI gen-
eration is a model for us. Shneiderman took
a set of disparate new user interfaces and uni-
fied them through their common characteristics
[12]. Hutchins, Hollan, and Norman then ex-
plained their power and success of these inter-
faces with a theoretical framework [9]. Our
hope is to take a first step in that direction for
the emerging generation.

Although our paper is now over two decades old, I still
think the distinction it makes between two fundamentally
different metaphors (conversation versus model world) for
interface design has sufficient currency to warrant further
discussion. I would also note that as we argued then, and
as Rob reiterates in the call, simple mimicking of the real
world is obviously insufficient. It would be valuable to
discuss how to draw on users’ knowledge of interacting
with the world without being constrained to merely mim-
icking those interactions. This was certainly a central mo-
tivation for our early Pad++ zoomable interface work [2]
and continues to motivate our current Dynapad work [1].
The goal has been to exploit people’s wonderful ability to
imbue space with meaning but remove or relax some of
the restrictions of physical space.

A Permeable Boundary between Physical and Digital
A related idea worthy of workshop attention is that of
making the boundary between the physical and the dig-
ital permeable. One example is Rekimoto’s work on aug-
mented surfaces [11] in which one can move windows
from the virtual world of the display onto a physical ta-
ble or from the physical world into the virtual world. An-
other particularly compelling example is Guimbretière’s
innovative work on Paper Augmented Digital Documents
(PADD) [6]. In this approach, the digital and paper world
are put on equal footing: paper and computers are simply

different ways to interact with documents during their life-
cycle. When paper affordances are needed, a document is
retrieved from the database and printed. The printer acts
as a normal printer but adds a pen-readable pattern to each
document. Using a digital pen, the document can now be
marked like a normal paper document. The strokes col-
lected by the pen are combined with the digital version
of the document. The resulting augmented document can
then be edited, shared, archived, or participate in further
cycles between the paper and digital worlds.

Distributed Cognition and Embodied Interaction
In terms of theory, it is important to note that there is

currently a shift in cognitive science away from the notion
of cognition as a property of isolated individuals and to-
ward a view of cognition as a property of larger social and
technical systems [8, 3, 7]. This extends the reach of cog-
nition to encompass interactions between people as well
as interactions with resources in the environment. As a
consequence, the human body and the material world take
on central rather than peripheral roles. As Andy Clark put
it, “To thus take the body and world seriously is to in-
vite an emergentist perspective on many key phenomena
- to see adaptive success as inhering as much in the com-
plex interactions among body, world, and brain as in the
inner processes bounded by the skin and skull.” [3] This
new perspective on cognition is emerging from the fields
of distributed cognition [8, 5] and embodied interaction
[3, 10, 4]. I think it promises to provide an intellectual ba-
sis for a paradigm shift in thinking about the dynamics of
interaction; one that takes material and social structures
to be elements of cognitive systems and views on-going
activity as a continually renegotiated emergent product of
interaction. This paradigm shift promises to be vitally im-
portant for the next generation of HCI.

A Critical Opportunity
In addition to developments in theory, recent advances

in digital technology present unprecedented opportunities
for the capture, storage, and sharing of activity data. This
is important because to understand the dynamics of hu-
man activity in sufficient detail to be able to make in-
formed design choices, we must first understand the full
context of those activities and this can only be accom-
plished by recording and analyzing detailed data of real-
world behavior. I argue that the ability to capture and
share such data has created a critical moment in the prac-
tice and scope of research. I think our field has an exciting
opportunity to capitalize on this by developing a shared
infrastructure to assist in integrating the theoretical and
analytic frameworks required to build a stronger scientific
base for HCI research.
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While detailed activity data are certainly needed to ad-
vance science, more data cannot be the whole answer,
since many researchers already feel that they are drowning
in data. Data without appropriate theoretical and analyt-
ical frameworks do not lead to scientific advances. An-
other obstacle to fully capitalizing on the opportunity pro-
vided by digital recording devices is the huge time invest-
ment required for analysis using current methods. In ad-
dition, we need to understand how to coordinate analyses
focused on different levels so as to profit from the theoret-
ical perspectives of multiple disciplines.

Reducing the Cost of Analysis
Today the high labor cost of analyzing rich activity data

leads to haphazard and incomplete analyses or, all too
commonly, to no analysis at all of much of the data. Even
dataset navigation is cumbersome. Data records are cho-
sen for analysis because of recording quality, interesting
phenomena, and interaction density—producing a hap-
hazard sampling of the recorded set. Good researchers
have a nose for good data, but with a tendency to focus
on small segments of the record that contain “interesting”
behavior, analyze them intensively, and then move on to
the next project.

When analysis is so costly, few analyses can be done—
so datasets are severely underutilized—and researchers
come to have a large investment in the chosen data seg-
ments. Since each analysis may appear as an isolated
case study, it can be difficult to know how common the
observed phenomena may be. Larger patterns and contra-
dictory cases can easily go unnoticed. Well-known human
confirmation biases can affect the quality of the science
when each analysis requires so much effort.

Increasing the Power of Analysis
Researchers studying activity in each of the disciplines

involved in HCI are beginning to appreciate the impor-
tance of understanding patterns that emerge from the in-
teractions of multiple dynamically linked elements. Such
interactive patterns may be invisible to approaches that
decompose activity into the more or less independent
components created by historical distinctions among dis-
ciplines. This is why a multidisciplinary approach is nec-
essary. But tools that match this multidisciplinary vision
are also needed. Without them we cannot address ques-
tions such as: How shall we come to see patterns in in-
teractions among the many modes of multimodal activ-
ity? How can we approach the long-standing problem of
the relations between patterns that emerge on larger time
scales with the short time scale mechanisms that give rise
to them?

The richly multimodal nature of real-world activity
makes analysis difficult. A common strategy has been to

focus on a single aspect of behavior or a single modality,
and to look for patterns there. However, the causal factors
that explain the patterns seen in any one modality may lie
in the patterns of other modalities. In fact, recent theoriz-
ing suggests that activity unfolds in a complex system of
mutual causality. Analysis may still be based on decom-
position of the activity, as long as there is a way to put
the pieces back together again. That is, as long as there is
a way to visualize the relations among the many compo-
nents of multimodal activity.

In addition, as activity unfolds in time, describable pat-
terns that take place on the scale of milliseconds are lo-
cated in the context of other describable patterns that dis-
play regularities on the scale of seconds. Those patterns
in turn are typically embedded in culturally meaningful
activities whose structure is described on the scale of min-
utes or hours. Patterns at larger time scales are created by
and form the context for patterns at shorter time scales.

The high cost of performing analyses on data that rep-
resent real-world activity means not only that too few
analyses are conducted, but that analyses tend not to be
shared. Most often when results of an analysis are pub-
lished, neither the activity of doing the analysis, nor the
procedure that was used are shared. This creates a situa-
tion in which most analyses are idiosyncratic and possibly
non-replicable.

I will argue that a primary component needed to ad-
vance HCI research is an open software infrastructure to
support capture of increasingly rich activity data, speed
and improve analysis, and facilitate sharing with a wider
research community.

A Final Thought
The current state of HCI owes a deep intellectual debt

to research at Xerox Parc and the development of the Alto.
Researchers in the early days at Parc designed a new com-
putational environment with crucial attention to the im-
portance of the interface. Is it not time to do this again?
Might not a major limitation in building the next genera-
tion of HCI be that we are building additional layers on
top of operating systems themselves designed with virtu-
ally no conception of the kinds of services needed today?
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Matching Human Abilities and Limitations: 
The Basis for Better Future User Interfaces

David Kieras

University of Michigan

What would make good future user interfaces? Ones that work well with human abilities and 
limitations. 

This approach is not the same as reality-based interfaces - these may or may not help because 
first, non-computer tasks do not necessarily relate to computer tasks, and second, not all current 
real-world tasks or situations are well-suited for humans, making them poor models for inter-
faces.

To elaborate, the reality we evolved for was hunter-gatherer culture. This implies certain 
powerful abilities, but they may not be manifest in an arbitrarily selected current real task. 
Manually controlling a glass and steel box moving in a crowd of similar boxes at 70 mph without 
getting killed is a remarkable skill that most of us can perform pretty well, But this does not 
mean that it is "natural" and thus a basis for a new interface technology - for example, it is very 
hard to learn and requires (or should require) great concentration.

Another problem with reality-based interfaces is that the reality of tasks is constantly chang-
ing with technology changes. For example, “cut and paste” used to refer to an actual physical 
activity in document preparation, but not any more. Changing a cursor position on a vertical dis-
play by changing the relative position of a small box on a nearby horizontal surface was not a 
real world activity before, but it is now.  Basing future design on the changing nature of “reality” 
is not obviously a good idea.

A better way to see what could be done better in the future is to examine what made GUIs 
better at least for time than command language interfaces (CLIs), and then extrapolate some of 
the lessons learned to the future. The qualities of GUIs have not been fully appreciated; in fact, it 
would be better to say that GUIs have been misappreciated; it is time for a re-interpretation of 
the GUI concept. 

As a first step, a brief survey of some relevant aspects of human perception, cognition and 
action will set the stage. One perceptual-motor ability is that visual search is extremely efficient; 
people are able to use peripherally-visible properties of objects to guide visual search. In addi-
tion, humans have good memory for stable visual locations. 

Another human ability is the ease of aimed movements to visually identified objects. This 
has recently been shown to be immune to Hick's law effects, at least as long as the stimuli and 
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responses are spatially compatible. But even keystrokes are heavily influenced by spatial com-
patibility factors; classic research shows that in a simple choice reaction task using a row of re-
sponse buttons, the human first identifies what response to make, then determines where to make 
it; then the keystroke is made. 

Another set of perceptual abilities is the omnidirectionality, parallelizability, and spatiality of 
the auditory channel. Localized sound can be used to designate spatial locations, but the auditory 
system does not require a particular orientation to perceive a sound. Sound can be responded to 
simultaneously with other channels. However, perception of external speech can be interfered 
with by simultaneous or subvocalized speech and vice-versa. 

A familar aspect of human memory often cited in the interface area is that people can recog-
nize information better than they can recall it.

People have several forms of working memory; the best explored is verbal working memory, 
which is usually represented in speech-based forms. A little-appreciated problem with speech-
based interfaces is that speech input or speech production interferes with the use of verbal work-
ing memory.

A frequently overlooked, but well-documented form of working memory is task working 
memory: people have an extremely large and reliable working memory for information in tasks 
in which they are highly skilled. This means that systems and interfaces in complex task domain 
have rather different memory support requirements depending on the skill of the user. 

A final area concerns human ability to acquire procedural knowledge. Humans have a power-
ful ability to easily learn procedures as long as they are simple and consistent, and these aspects 
of learnability can be quantified in terms of procedural knowledge representations. These results 
lead to a direct characterization of interface consistency: Interfaces that have consistent proce-
dures can be learned much more easily because the learner can simply re-use the shared proce-
dural knowledge.  This is the classic common elements theory of transfer of learning in modern 
theoretical garb.

However, it is known that transfer from previous skills can be weak unless the common ele-
ments are quite similar. A common result is that transfer of training fails to appear in many edu-
cational contexts - e.g. learning Latin will not help you learn arithmetic. This argues that expect-
ing skills to be transportable from one domain to another is dubious, especially if the relationship  
is not obvious to the learner. 

In spite of this limitation, people can do a good job of learning how to use an unfamiliar sys-
tem if their knowledge of the system (or “mental model”) supports inferring the needed proce-
dures - which is possible only if the interface has a non-arbitrary relationship to the system struc-
ture or knowledge domain. For example, we can usually figure out how to operate an unfamiliar 
digital clock because such devices have similar mechanisms and shared economic constraints on 
the technology cause them to have controls and displays that interface to these mechanisms in 
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certain typical ways. At the other extreme, we can usually figure out how to navigate through 
menus or web pages based on meaning of the words present in the interface and our knowledge 
of the domain. 

The good and bad points of current GUI methodology in these terms can now be briefly pre-
sented. First, the good points are:

1. The visual presentation and point-and-click actions on visible objects takes advan-
tage of the great ease and efficiency of human perceptual-motor abilities.

2. Heavy reliance on superior recognition memory.

3. Conventions leading to stable spatial positions of commonly accessed objects, 
eliminating the need for visual search. 

4. Conventions leading to a standard set of menu items for common actions across 
applications, based on common functions and features, greatly reducing the amount 
of procedural knowledge to be learned. In contrast, CLIs in practice are inconsistent 
across applications.

5. Pressure to use a small, simple set of procedures since the interface operations are 
so limited at the perceptual-motor level, consisting only of various combination of 
mouse points and button/keystroke operations. Although some GUIs have managed to 
be otherwise, in general this pressure has resulted in simple and consistent procedures 
for picking commands or options once the correct display is present. In contrast, CLIs 
typically display little or no such consistency; each command and its options are typi-
cally a special case.

6. Using words and graphical presentations often directly related to the task domain.

The bad aspects of current GUIs in these terms are:

1. An inadequate use of visual guidance in icon search. It is difficult to find objects 
whose locations are not already known. Most serious is that overall color coding is 
rendered almost useless by the tendency to use detailed multicolored icons. 

2. Serious under-utilization of the auditory channel. Except for an occasional “beep”, 
the auditory channel of almost all computer systems is not used to facilitate task per-
formance.

3. Under-use of speech I/O. Despite repeated attempts, perhaps this is due to incom-
patibility with verbal working memory or other speech activity.

4.. Extreme featuritis of many current GUI applications. This means that the basic 
procedural simplicity of the GUI is obscured by arbitrary and difficult-to-learn menu 
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transversals to access features often arranged without regard to their frequency or util-
ity, or even the domain semantics, that as a result can not support interference of the 
complex procedures. Another aspect is that instead of recognizing on-screen items as 
relevant, the user must recall a sequence of menu picks, thus relying on a less power-
ful form of memory. The overall benefit compared to CLIs is remarkably reduced.

As a side note, traditional CLIs were generally far less usable than they could have been. A 
CLI could also have relatively simple and consistent procedures. If other aspects of the interface 
were carefully designed, the ease of learning and use of a CLI would be competitive with that of 
a GUI.

Thus future interfaces can be considerably improved by taking more advantage of what hu-
mans are good at, and relying less on what people have trouble with. In particular, future inter-
faces should

1. Exploit human visual search and spatial abilities better by re-thinking how the in-
terface objects are presented.

2. Use the auditory and speech channels as parallel and possibility spatial I/O chan-
nels, while ensuring that interference with verbal memory is minimized.

3. Use existing analysis and modeling techniques to ensure procedural simplicity and 
consistency. 

4. Ensure that the semantics of the domain can support inference of procedures, 
through the development of techniques for mapping domain semantics to/from an in-
terface (e.g. a combination of cognitive walkthrough and latent semantic analysis). 

5. Support the differing memory requirements of tasks by designing interfaces to ei-
ther provide intensive memory support for the task state, or not interfere with expert 
use where it is not needed. 
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Coping with Information Overload in the New Interface Era 
Position paper: Steven M. Drucker, Next Media Research Group, Microsoft Research, 12/15/2005 

 
It has been said that there is more information in a single, Sunday, New York Times newspaper 

than people saw in their entire lifetimes during the Medieval Ages. Newspapers themselves are giving 
way to new forms of media including television and the Internet. Between instant messaging, email, 
blogs, RSS feeds, web sites, we have more information instantly available to us at our desktops than 
ever before. This incredible inundation with information is often an opportunity, but at the same time, 
finding ways to effectively cope with the information overflow can be a tremendous challenge. 

Widespread communication, in the forms of telephony and the internet, account for some of this 
increase, but in the past this has been primarily in a fixed location (desktop) due to the ‘wires’ 
necessary for connectivity. With the increase in wireless networks and mobile telephony and the 
advent of ubiquitous sensing, mobile interaction, and augmented environments, the amount of 
information available at any moment challenges us even further. Under these circumstances, we can’t 
necessarily use the same standard (often not quite effective) techniques that we’ve evolved for 
managing that information on the desktop (such as standard sized displays, keyboards and pointing 
devices). We need to find new and different ways to cope with (and hopefully take advantage of) this 
surfeit of information. 

While it is difficult to anticipate the technological innovations that will occur, there are some areas 
that we can predict with reasonable accuracy. Human capabilities such as sensory modalities, 
memory, and cognition will not improve on their own.  Coping with the information will have to come 
from either automatic methods of filtering the data (I’m lumping these into ‘AI’ techniques) or more 
effective ways of representing and interacting with the representations (information visualization). 
Presumably some combination of both of these areas will define the kinds of interfaces we will use in 
the future. 

Furthermore, it is not enough only to look at progress in the technology, but as practitioners in the 
field of HCI, we also need to clearly understand the tasks that we will be performing in the future. As 
such, this position paper will start a taxonomy of interaction, devices, human abilities, and tasks and 
how they might be altered by next generation UI technologies.  

Human capabilities: 
Human capabilities do not change to a large extent, especially in comparison to the rapid progress 

in technology. Our sensor modalities, our motor systems, and our cognitive systems are essentially the 
same for the last 50,000 (potentially 1 million) years. With the exception of direct implantation to or 
recording from the brain, we will likely use these same modalities to perceive information or affect 
change (Table 1), while this table is not exhaustive, it hopefully presents the kinds of thinking that will 
promote discussion in the workshop: 

 
Human sensor 
modalities 

Devices for mobile 
interaction 

Strengths Weaknesses 

Mobile displays Always available, 
portable, private 

Small, power 
consuming 

Visual: 

Expandable displays (same as above) Not available yet 



Projected displays Potential problems 
for projection surface 

Privacy, power 

Head mounted displays Good resolution, 
potential for 
augmented reality 

Obtrusive, tracking 
difficulties for 
alignment, power, 
can separate from 
others 

Displays embedded in the 
environment 

Can use all the power 
necessary, can be 
large, multiperson 

Privacy, potentially 
expensive 

Synthetic speech Can attend to other 
tasks 

Not expressive 
enough, slow and 
linear feedback 

Auditory: 
 
Verbal 
 
Sound effects General synthesizer Easy to do, can be 

general purpose 
need to learn 
'vocabulary' of 
interaction 

Tactile/haptic Computer controlled Braille, 
pushpins 

good potential in 
combination with 
others 

not high in 
information 
bandwidth 

Vestibular   not generalized 

Taste/Smell  evocative of 
memories 

difficult to do well, 
not well suited for 
high bandwidth 
communication 

Other?    

 

Human control modalities 
Human control  modalities have also not changed significantly, though new sensing devices have 

enabled new kinds of input and control (Table 2). 
 

Human control 
modalities 

Devices for mobile 
interaction 

Strengths Weaknesses 

Hands, free space or touch pad Expressive, good 
control, can use 
simultaneous input 

Fatiguing without 
appropriate supports, 
need to learn a 
vocabulary  

Whole body Can have added 
benefits (exercise) 

Same as above, 
privacy 

Gestural: 

Device manipulation (pens, 
spaceball, etc.) 

Mature form of input Information 
bandwidth may be 
low 



Verbal: 
 
 
 

Speech recognition General (perhaps too 
general) 

Need to know context 
for commands, 
privacy 

Keyboards Potentially high in 
information 
bandwidth, familiar 

Small keyboards can 
be difficult to use, 
even harder to be 
fast, difficult to use in 
the air 

Projected keyboards Can be larger in size 
but still portable 

No tactile feedback 

Alternate keyboards (chorded) Potentially fast, 
portable 

Learning curve 

Controller 

Other controllers (remote 
controllers, game controllers, 
musical instrument controllers) 

Comfortable to use, 
portable, can be 
expressive or relative 
high information 
bandwidth with 
learning 

Limited controls, 
need to know/learn 
mapping 

Tangible devices  Natural mapping 
between task and 
object 

not generalized. May 
need many devices to 
perform task 

Other?    

Cognitive Limitations: 
While not sensory modalities, there are also perceptual and cognitive limitations for people that 

limit the style of the human computer interaction. Limited attention, limited memory, limited visual 
acuity, limited audio resolution, all have influences on the kind, number, and combinations of output 
devices that will be useful. 

Information tasks: 
Finally, in a one last table, we have high level information tasks that we need to be addressed by 

interfaces. 
 
Notification Bringing relevant information to the attention of the user. (Context 

can be very important for this, both spatial and temporal, ie. Bring 
information about where the user might be, or what the user might 
need to do at the moment.) 

Acquisition Learning new information 
Search Finding new (or old) relevant information 
Organization Keeping track of relevant information for synthesizing or 

communication (or to facilitate search). 
Synthesis Creating new information for self or others 
Sharing Communicating information to others 
 



We have ways of coping with all these tasks but new interaction techniques and devices can make 
these tasks easier, can make users more powerful for performing current tasks (allow faster 
completion, make results better, and allow more tasks to be addressed at the same time). Furthermore, 
communication between individuals can be facilitated which might either be a task unto itself or 
enhance other tasks. And finally, this can all potentially be done in new and disparate locales. 

Challenges in the design of new interfaces for information 
management: 

Many practitioners in the field of HCI believe that clear task models are crucial for defining 
effective interfaces. User centered design, working with people facing real problems, is an important 
factor in coming up with polished interaction systems. But it is also clear that users seldom anticipate 
fundamental variations on existing methodologies. When asked how to steer the very first 
automobiles, the overall response from people was ‘reins’, since that was what people of the time were 
familiar with. It is appropriate to identify problems with currently performing tasks, especially given 
new, mobile domains, but solutions will need to be designed, prototyped, and tested with an open 
mind.  

Conventions may be adapted from existing techniques for interacting with large amounts of 
information, but significant changes will need to occur as well. For example, direct manipulation has 
had an incredible influence on the style and types of interaction that we have on our desktop. Direct 
Manipulation interfaces have the advantage of showing affordances for interaction. This is one of the 
most significant advantages since occasional or novice users can often infer what needs to be done by 
the reflected state of the system. By contrast, command driven UI’s need to be learned and context 
appropriate commands can be easily forgotten. However, in a mobile environment, natural pointing 
and interaction with abstract data objects can be difficult (unless using an auxiliary display and 
appropriate gestural recognition). It could be much more natural to use a speech command driven UI 
since we nearly always can simply speak, though, as mentioned before, command driven displays have 
their own set of problems. Furthermore, direct manipulation interfaces often have problems dealing 
effectively with large numbers of information. Repetitive tasks are not easily specified and 
transformations on groups can be difficult.  

To date, I’ve been examining novel interfaces that use information visualization techniques, but 
aimed at casual or novice users to help them cope with large amounts of information. In particular, 
I’ve been focusing on enhanced display capabilities (powerful GPUs, and large screens), though I am 
interested in finding new ways to interact with these visualizations in mobile and other contexts. In 
particular, four interfaces (MediaFrame, TimeQuilt, Movie Variations, Remote Photo Browser) all 
represent novel ways of dealing with lots of media (photos and video).  See 
http://research.microsoft.com/~sdrucker/interest.htm for videos and references. Finding ways to 
generalize these techniques to other kinds of information, as well as new interaction techniques will 
bring on exciting new opportunities. 

 

Conclusions: 
In thinking about the interfaces of the future, it is not enough to think only of the technology, or 

only of the users, but a combination of the challenges that will be facing us in the future, user abilities 
and limitations, as well as the technological directions that we are currently taking. 

 



Some Musings On Building and Showing  
Future UI Prototypes 

Andrew D. Wilson 
Microsoft Research 

Introduction 
For better or worse, I have spent a great deal of time demonstrating prototypes of “future 
UI” systems to people of all kinds. In this paper I would like to lay out some observations 
I have made regarding people’s reactions to these demo systems.  These are very all 
preliminary thoughts, half-cocked, naïve or even obvious, but I think they can at least 
serve as interesting talking points. 

People are wowed by the darndest things. 
Now that large flat panel displays and projectors are relatively commonplace, it is 
refreshing to give a demo where people don’t make comments on how stunning your 
display is.  Even so, people will often completely miss the point of your demo, and will 
be completely snowed by the overall whiz-bang nature of it.  At one level it is a lot of fun 
to show systems that deeply impress people, but at another level it is frustrating that in 
the process they can miss the point of your little innovation. 
 
One common phenomenon is the absolutely robust fascination with action at a distance.  
That is, people tend to be impressed by almost any form of action initiated by some 
control that is removed from the site of action.  This effect is strongest when the 
mechanism is hidden.  Of course, most people are not impressed by the lights coming on 
by flipping a switch on the wall.  A key component then must be the level of surprise, or 
degree to which expectations are violated when they move a knob here and something 
changes there.  People’s expectations are by and large cast by their experience with 
personal computers—the most amazing thing they will ever see is the optical mouse. 
 
Magicians are probably operating on many of the same principles.  There are probably 
some things we can learn from magicians, though magicians may be more intent on 
redirecting attention.  Presumably we are less interested in that? 

People love the Minority Report interface. 
Most people’s conception of future UI is tightly bound to how they are portrayed in sci-fi 
movies.  Sci-fi movie interfaces are a great source of imagination for everyone, but they 
do not always give a balanced view of what’s really possible or even desirable.  There’s a 
great variety of demos before and after the movie Minority Report that are gesture-based, 
and use interesting sensing in ways that trigger people’s memories of the movie.  
Interestingly, more than half of the people that I demo to can cite the movie but cannot 
remember its name (really)—that at least speaks to the power of the particular scene. 
 
Most people don’t fully grasp some of the problems with such an interface.  Fatigue is 
significant problem with these kinds of interactive systems.  It is interesting to note, for 



example, that before the mouse there was the light pen (a proto-Minority Report 
interface?), and that one of the draws of the mouse was that you didn’t have to hold your 
hand up for long periods.  John Atherton uses the transparent display so that the director 
can get nice shots of his expensive actor (and it’s cool, besides).  I believe there are real 
advantages of these kinds of interfaces, but what are they exactly?  “I’m too busy having 
fun moving this thing around the screen.” 

People expect one-size-fits-all computing. 
As mentioned above, people carry a lot baggage when it comes to how they expect 
computers should behave, i.e. the WIMP interface.  Unfortunately, these expectations 
have an adverse effect in proposing a UI that behaves radically differently.  It is shocking 
how many people will seriously ask whether they can read their email or surf web pages 
on just about any device you can imagine.   
 
The future-UI designer is thus faced with a difficult choice in how to present their work: 
try to get full-up Windows running on their device or show their device on some whacky 
new barely-working application framework.  The approach of emulating Windows input 
is limited by the fact that it usually emulates the mouse very poorly and therefore 
provides a pretty miserable experience.  Inventing a completely new UI suffers from the 
fact that the UI is probably not very well developed and very narrow, and maybe even 
doesn’t do anything useful at all. 
 
One way to talk around these issues is to sketch the vision of ubiquitous computing. For 
the present purposes this vision predicts that the future is populated with many interfaces, 
each perhaps specialized to a given application or style of interaction.  For example, it’s 
not reasonable to expect to code up a C++ program while driving your car.  Living room 
media PCs probably shouldn’t present dense fields of text and widget, and kitchen 
computers are probably fine with coarse levels of input.  Thus the future is not about one-
size-fits-all computing, but rather smart specialization, where some interfaces are free to 
employ modes of interaction that make sense for a given range of applications.  It will be 
playground of interactive techniques in which its perfectly okay if the wall computer 
doesn’t provide fantastic mouse emulation. 
 
The challenge then is how to design a variety of interactions, without falling back to the  
WIMP interface, forcing it onto devices where it can’t take advantage of a device’s 
special advantages.  How will users learn and understand such a variety of interfaces?  
Are there primitives of interaction more basic than WIMP that we should be using? 

Kids have far fewer preconceptions. 
It is interesting to watch young children use an interactive table system and compare their 
usage pattern with that of typical adults.  Kids will use possibly both hands, putting their 
whole (small) hands on the surface, while most adults will form a proper extended index 
finger and fully expect a cursor-based interaction.  This is probably due to the fact that 
most kids have never used an ATM touch screen and have minimal experience with PC 
computing, and so do not have many preconceptions about computing interfaces.  In 



many ways, they expect the direct manipulation interface and are not surprised by it in 
the least, while adults are quite the opposite. 
 
The differences don’t stop there.  Kids tend to move much faster than adults, which can 
be a problem for many prototypes. Kids seem to be a lot harder to impress than adults.  
Perhaps this is due in part to increasingly early experience with video games or the 
relative technical sophistication of today’s toys.   
 
It will be interesting to see how today’s generation of children will question today’s 
interfaces and re-invent them.  Instead of waiting until they are out of college (at least) to 
have access to computers powerful enough to build interesting prototypes, they will be 
able pursue their wildest dreams right away. 

Building prototypes is fun.  Evaluating them is hard. 
Many of us have been having a lot of fun building interesting prototype systems that 
demo well.  However, evaluating these prototypes to show that users can understand 
them, or showing scientifically that they improve some aspect compared to more 
conventional approaches, can be very difficult. 
 
Chief among the difficulties is that because the systems tend not to be incremental 
improvements on what we already have but more a reinvention of the interface, typical 
users are wowed by the novelty. Most will say they like it or enjoy it but when you press 
for specifics you find they like it just because it is new and interesting.  Subjective 
evaluations that include questions such as “Did you like it?” are therefore not helpful.  
Comments solicited during brief demonstration-length encounters are interesting and can 
be valuable feedback, but they tend to miss important considerations such as whether 
users could really live with such an interface day in, day out.  Longitudinal studies are 
expensive and usually require a fairly refined (robust) prototype. 
 
Even when the user study is truly informative and well executed, the effort put in the 
study is usually a fraction of the effort spent to get the system working in the first place, 
and once the paper is done, we’re onto the next thing.  Most of us are engineers and 
inventors at heart after all.  It is therefore difficult to find answers to some of the deeper 
questions raised by these new interfaces.  Tangible computing, for example, satisfies an 
intuition that input and output should be embodied in the real world, yet this very 
powerful intuition is supported by very few scientific studies. Does tangible computing 
scale?  In order to make it real must we spoil it with layers of modal interactions? 
 
One can argue that the field (whatever it is) is very young and we are still in an 
exploratory mode, where we are at once picking the low-hanging fruit and exploring the 
outer boundaries of what is even possible. 

Traditional HCI evaluation metrics capture only a part of what’s going 
on. 
When it comes to the application of traditional HCI evaluation metrics such as time to 
task completion, reaction time, Fitts index of difficulty and so on, as applied to future UI 



concepts, one is reminded of the adage of the drunk looking for his keys under the lamp-
post because that is where there is good light.  Traditional HCI metrics seem ill-suited to 
address many aspects of future UI prototypes that generate a lot of excitement, such as 
the interface’s novelty, the sheer pleasure in using a device, and the quality of “flow” 
experience [2] enabled by the interface.  Don Norman [3] argues that there are a variety 
of dimensions along which a device or interface can be evaluated, some of which have 
nothing to do with performance per se, such as the reflective qualities that relate to the 
user’s self image and satisfaction in using the device.  Norman further argues that in 
order for a device to be a success it must be successful on multiple levels.  It is interesting 
to note how this dove-tails nicely with the observation that the future will lead to a larger 
variety of interactions—not everything must be built to do word processing. 
 
The novelty of a UI prototype presents an interesting dilemma.  On the one hand, 
scientists studying usability often spend a great deal of effort to remove novelty effects 
(longitudinal studies being the most relevant method).  On the other hand, novelty is a 
quality that can drive users to initially engage in a device in the first place, and can 
provide some much needed variety in one’s life.  In some sense, as consumers we crave 
novelty and actively seek it out.  The question of whether novelty is a “good” or “bad” 
thing has probably more to do with its staying power and whether it gets in the way of 
performing the main task.  Unfortunately there are few good ways to talk about the 
impact of novelty.  The quality of pleasure in using the device, and the abstract quality of 
“flow” have similar stories. 
 
Video games provide a wide variety of user interfaces (at least, in comparison with most 
other computing), but very little is known or written about what specifically makes a 
game fun or engaging.  The new field of study that considers the design of games may 
provide some directions on non-traditional ways to evaluate user interface prototypes [1]. 

Conclusion 
This short paper presents a number of thoughts related to how prototypes of future UIs 
are shown and how they are positioned within the HCI field.  While many of the 
comments are of a critical nature, they should also be viewed as opportunities for areas of 
future work.  Many of these problems are very difficult, and it is probably unreasonable 
to expect clean solutions for any one, particularly in light of the overall arc of interface 
diversity presented: the future of the future UI is likely to be messy but full of interesting 
worthwhile diversions. 
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THREE CHALLENGES OF INVISIBLE INTERFACES 
Past user interface design leveraged real world metaphors 
and the naturalistic associations of these to create what was 
hoped to be more easy to use technologies (e.g., file folders, 
the desktop, the classic trash can, now subtly renamed the 
more environmentally friendly “recycle bin”). Pictorial 
representations (icons) were intended to facilitate 
understanding, learning, and the direct manipulation of 
objects of interest. These waves of prior innovation enabled 
technologies to become accessible to a broader community 
of users in ways that are now considered quite pervasive.  

Technology is now equally pervasive in mobile or handheld 
devices, household appliances, and is often embedded 
invisibly in the environment around us (e.g., sensors, 
cameras, wireless networking). Where formerly users had 
explicit interactions with particular technologies they 
deliberately selected (by virtue of using a particular 
computer or device, a particular input mechanism, and/or a 
particular application), they may now be interacting in 
implicit ways with imprecisely selected technology at 
almost any moment in time. These interactions can occur 
whether users are aware of them or not, and whether users 
intended them or not.  

Early visions of the future presented by Wellner’s 
DigitalDesk [38, 39] and by Weiser’s ubiquitous computing 
[36, 37] have been extended upon and are reflected in 
substantial research over the last 10 years [e.g., 8, 9, 11, 17, 
26, 28, 29, 30, 31, 33] (including my own work [e.g., 6, 7, 
13, 20, 21, 35]). A goal of these emerging projects is to 
seamlessly blend the affordances and strengths of 
physically manipulatable objects with virtual environments, 
functionality or artifacts thereby leveraging the particular 
strengths of each. This seems like a natural progression 
towards making the next UI “metaphor” the real world 
itself: real objects having real properties that are linked to 
or embedded with the virtual artifacts that they control. This 
reflects a powerful, only slightly understood user interface 
paradigm of "invisible interfaces"; interfaces that are 
always on, embedded in our everyday objects or 
environment, and subtly invoked by our naturalistic 
interactions. However, as with any technology, getting the 
design right is crucial if our aspiration is for widespread 
accessibility, predictability, ease of use and ubiquity. A first 
grand challenge for invisible interfaces is better articulating 
what the user interaction model is and how the associated 
design principles need to evolve to adapt to this model. 

While the explicit manipulation of an everyday object may 
influence or trigger embedded technologies, research has 
simultaneously extended to examine the broader context of 
this interaction. (This focus on context of use appears to be 
particularly emphasized in ubiquitous computing.) 
Deliberate user interactions may produce implicit and 
unintended consequences because of the contextual 
assumptions made in designing and embedding these 
technologies (e.g., picking up a medicine bottle to read the 
code on the label for a refill vs. picking it up to take the 
medication [34, 25]). Furthermore, some environmentally 
embedded technologies are activated simply by virtue of the 
user being in a particular location without any expressed 
interactions at all (e.g., in view of a camera system, in range 
of a particular wireless network, in range of a motion sensor 
[e.g., 3, 10]). The idea of “situated action” is not new [32] 
however, it seems that the importance of understanding 
context is of increasing importance in disambiguating user 
intent in this newer interaction space [e.g., 5, 15, 22, 25]. A 
second grand challenge for invisible interfaces is 
understanding or correctly inferring user context and how 
this impacts design. 

As a direct consequence both of the changing nature of 
what it means to interact with technologies in this invisible 
interface paradigm and due to the increasingly important 
role context plays, there is a crucial transformation needed 
for evolving evaluation techniques and methodologies. 
These invisible interfaces are used in dynamic and often 
highly mobile contexts and locales. They often involve a 
complex mesh of infrastructure, devices and sensors all of 
which must work as a coherent whole and thus must be 
assessed as a system. Evaluation methods that might have 
worked well for single technologies or specific interaction 
methods do not seem well suited to this more challenging 
problem domain. Modified techniques are being adapted 
and tested to try and address these unique attributes and 
challenges [e.g., 4, 12, 16, 24]. However, research on the 
methodologies and evaluation tools is in the early stages 
with much more promising results still ahead. A third grand 
challenge for invisible interfaces is creating or evolving 
evaluation techniques and methodologies. 

INTERACTION MODELS FOR “INVISIBLE INTERFACES” 
My past work has investigated three fundamentally 
different mechanisms of interacting with technology in the 
ubiquitous computing domain: 1) physically manipulative 
interfaces through object handling and deformation via 
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embedded sensors [e.g., 6, 7, 13]; 2) embedded “inferred” 
interfaces though object location/presence sensing via RFID 
and computer vision [e.g., 20, 21, 35]; and 3) interaction 
resulting from embedding technology in the environment 
such as cameras, sensors, or wireless networking. These 
may be deployed independently or in concert to create an 
overall user experience typically characterized by the 
absence of visible user interface controls. Independently 
each of these creates a different model of interaction and 
different design constraints and possibilities.  

Physically Manipulative Interaction 
These interfaces typically rely on pressure sensors, 
accelerometers, motion sensors, light sensors, sound input 
and output, motors, and wireless communication to enable 
users to physically press, push, tilt, or juxtapose handheld 
devices or objects in order to convey commands. (I would 
like to differentiate interactions where object “deformation” 
is used from those where merely picking up an object is the 
interaction and hence command, discussed next).  

There are already some compelling prototype examples 
reported in the current HCI literature: 

• Scrolling a menu on a PDA by tilting the PDA [26]  
• Zooming text by pushing/pulling the device 

towards/away from the user[8] 
• Rolling or turning knobs [2] 
• Squeezing/physically interacting with plush toys 

[18, 19] or physically deforming object surfaces [23] 
• Or in my own prior work [6, 7, 13], exploring user 

interface techniques for navigating and displaying 
documents in portable reading devices/ebooks by 
squeezing, stroking, flicking, and tilting. 

We find that designing these interactions confronts us with 
a host of subtle design issues, and that there are no 
articulated design principles to guide us through them. We 
believe that the user interfaces above are the forerunners of 
a new paradigm for user interface design, user interfaces in 
which a computing device is directly and physically 
manipulated, which we have call Manipulative User 
Interfaces (MUIs).  

The MUI paradigm extends the GUI paradigm in 2 
fundamental ways: 1) GUIs are somewhat indirect, in that 
the mouse controls a remote cursor behaving as interaction 
intermediary, whereas in MUIs, users use their bodies to 
directly manipulate devices, objects and/or their displays to 
specify commands. 2) The MUI paradigm opens up a much 
richer space of interactions than just pointing. Consider, for 
example, the Tamagotchi [1] “virtual pet” toy, which you 
interact with by means of a number of buttons. The toy 
requires its owner to provide it with food (by pressing the 
feeding button), to give it attention (by pressing the petting 
button), etc. But from a MUI perspective you could interact 
with the Tamagotchi in much more affective ways. You 
could soothe the pet by stroking it, play with it by tossing it 
in the air, ease its hunger by rubbing its belly, and so forth.  

These manipulations can be divided into three categories: 
manipulations that change the spatial position of the device 
(translation, rotation, orientation, tilting), manipulations 
that change the structural properties of the device 
(deformations, pressing, squeezing, flicking, shaking), and 
manipulations that change the inter-device relationship 
(juxtaposition, stacking, tiling, proximate association or 
dissociation). All of these can be temporary or permanent in 
effect, can be parameterized in various ways, and can be 
performed alone, simultaneously, or in sequence. 

In MUIs the extent of embodiment can vary. In some cases 
there is a tight coupling between the manipulation, the 
perceived content this affects, and feedback (both tactile 
and visual) indicating the resultant effect. All are embodied 
within a single object to be manipulated. In other instances 
the manipulation frequently affects content/data via a 
controller intermediary and visual feedback of the effect are 
represented in an external system distinct from the 
controller.  Examples of this include recent graspable-object 
interactions, such as “phicons” [11, 28], “bricks” [9], and 
“doll's head” [14] techniques, where the object being 
manipulated acts as a remote control for actions taking 
place outside the object. The boundary between these two 
approaches can be somewhat blurred. 

Embedded “Inferred” Interaction 
This class of interaction is one where the act of selecting an 
object or moving it triggers a technological response 
thereby communicating an implied or inferred “request” 
from the user. This is typically achieved by computer 
vision, RFID, or location detection where technological 
modifications to an object are invisible to the user 
(barcodes and glyphs being the exception) yet handling 
these instrumented objects has an effect. A number of 
prototypes have been built to demonstrate a variety of 
applications: 

• Moving physical blocks representing buildings for 
urban planning [33]  

• The pick-and-drop work that attaches virtual content to 
a physical transport mechanism or physically selecting 
a projections of objects to move items between 
surfaces or devices using gestures [26] 

• And some of my own work [20, 21, 35] looking at 
augmenting books, staples, business cards, posters, and 
augmented in/out boards and whiteboards with phicons 
(Collaborage).  

Unlike environmentally sensed interactions, in embedded 
inferred interactions the participation of both a user and an 
embodied object are necessary. While the technologies 
deployed in both situations have similarities (wireless 
communication, detecting changes in location across 
wireless networks, detecting presence/absence of an object 
or person of interest), embodied inferred interactions are 
instantiated in particular devices or objects that users hold, 
carry and interact with. Whereas in environmentally sensed 
interactions, the environment infers interactions from the 
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user him/herself regardless of the presence of absence of 
any particular object (e.g., the user’s presence triggers a 
motion sensor, floor pressure pad, camera system).  

As with most taxonomies or categorizations, there are 
situations where the distinction between an object-based 
inferred interaction and an environmentally aware 
application is somewhat blurred, for instance, in cases 
where an object has a tight affiliation with a user’s identity 
(e.g., a cell phone the user habitually carries even when not 
in use) but the object’s presence is virtually forgotten. The 
object (or device or sensor) is used to transmit information 
to environmental sensors as a back channel (e.g., cell phone 
transmits GPS location data) while the user is not 
deliberately interacting with this object and may be 
unaware of this active background transmission. One could 
argue that there is an interaction mechanism embodied in an 
object co-present with a user and thus this scenario is an 
embedded inferred interaction. However, the user has not 
participated actively (or perhaps even knowingly) in this 
interaction, the object’s role is passive (from the user’s 
perspective) and the application is crucially more dependent 
upon the environmental infrastructure sensing the user’s 
presence (rather than the object’s presence) thus it could 
equally easily be considered an environmentally sensed 
interaction. Perhaps the value of categorizing scenarios and 
applications will best be determined as we evolve design 
guidelines for these categories.  

Environmentally Sensed Interaction 
The proliferation and availability of largely invisible 
communication, camera and sensor-based technologies 
have created new possibilities for environmentally sensed 
interactions: global cellular networks, city-wide and 
building-wide wireless networks, city-wide and building-
wide camera coverage, room or house scale sensors, etc. It 
is becoming more commonplace to see applications that 
utilize this infrastructure to sense and infer things about 
individuals, groups, behavior patterns, and trends (including 
divergences from norms). As describe above, individuals 
may be participants (knowingly or unknowingly) by virtue 
of habitually carrying devices that afford sensing or by 
themselves occupying or moving through a space that is 
instrumented.  

There have been a number of implementations of “smart 
home” and “smart kitchen” prototypes that used sensors to 
detect and even identify individuals and their activities 
[e.g., 3, 25]. One could argue that home alarm systems are a 
simple but early instance of these. City wide camera-based 
technologies are deployed in the UK and in some US cities 
for security and traffic monitoring. Any number of location 
sensing applications have recently been built to track 
people, the places they frequent, the routes they take, and 
the activities they are doing [e.g., 3, 10, 15, 16, 25]. 

While all three of the above interaction categories have 
implications for inadvertent use, uninformed use, and 
privacy, environmentally sensed interaction is perhaps the 

most problematic and challenging [e.g., 10 presents an 
excellent overview of issues and studies]. There are no 
“objects” channeling users’ intentions and express 
interactions. Nor can we leverage such objects to inform 
users of system activity. Deriving interaction models and 
design guidelines for this class of application must 
incorporate these considerations.  

Conscious, semi-conscious, and unconscious interactions 
We characterize the interaction models as being conscious 
(fully aware of interactions with an object), unconscious 
(fully unaware of interactions by virtue of having no 
explicit instantiation), and semi-conscious (sporadic 
awareness and forgetfulness of objects that afford 
interactions whether or not the user is aware).  

We deliberately wish to use these as metrics to categorize 5 
dimensions of interaction: awareness, intent, ubiquity, ease 
of use/design and skill. In fact, one might argue that as 
interaction mechanisms and technologies become more 
pervasive and ubiquitous (if well designed), they may 
migrate from being consciously invoked, manipulated, or 
monitored to semi-consciously or sporadically 
manipulated/monitored to unconsciously embedded in 
habitual routines without much explicit planning or thought 
about use. This raises interesting and difficult questions. 
How does the acquisition of skill and expertise relate to 
technology consciousness? How is design related to this 
and does bad/good design support or hinder consciousness? 
Is the migration of technology from consciously aware 
usage to semi- or unconscious use a positive progression?  

UNDERSTANDING AND INFERRING USER CONTEXT 
Many interactions with invisible interfaces rely on sensors 
to help make educated guesses about the user’s context. If 
these sensors and interaction mechanisms are embodied 
within a device or object, parameters scoping the user 
intention may sometimes be inferred. In fact, stronger 
assumptions might be possible when considering sequences 
of object interactions [e.g., 25], for instance, activity 
inferencing that characterizes high level activities like 
“making a cup of tea” based on seeing interaction with the 
water tap, kettle, cup, tea box, and milk. One significant 
research problem is reliably and accurately abstracting 
these lower level actions into higher level activities, when 
users vary, lower level actions vary, sensors vary, and the 
data is noisy and ambiguous. However, surprisingly good 
results have come from targeting particular activity types 
that seem more amenable to prediction, especially if 
combined with supervised learning [e.g., 5, 16, 22, 25]. For 
instance, it is easy to detect someone in motion versus 
someone who is stationary or a change in location for a 
particular object. It is more difficult (and potentially 
intrusive) to detect contexts that have few physical cues 
(e.g., changes in mental state or switches in cognitive 
tasks). Determining task attributes that make certain 
activities most amenable to inferencing, evaluating training 
and inferencing algorithms, and assessing how reliable the 
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inferencing needs to be in order to be useful are important 
areas of ongoing and further research. There is a significant 
body of work going on in machine learning, computer 
vision, speech and signal processing, and generally in 
context-aware computing to address many of these issues.  

Knowing something about a user’s context can greatly 
enhance the ability of invisible interfaces to behave in 
predictable or anticipated ways by providing data to help 
disambiguate user intentions. A combination of sensor-
based data for activity inferencing and user supplied 
training data (used to establish ground truth) are proving to 
be interesting and useful techniques. This combination of 
system log data and user supplied field data are also a 
crucial component of more general evaluation strategies. 

EVALUATION TECHNIQUES AND METHODOLOGIES  
Ubiquitous computing and invisible interfaces pose 
particular challenges for evaluating whether or not 
technologies and applications are usable or successful. 
Traditional empirical studies can assess whether or not 
individual technologies work reliably and predictably in 
controlled situations. However ubiquitous computing 
typically requires a collection of technologies to work in 
concert and thus isolating, modeling, and evaluating 
individual components does not provide good indicators for 
whether or not the more complex system will be usable. 
Ubicomp technologies are used in dynamic contexts and in 
changing locations, where demands on the users’ visual and 
mental attention varies dramatically and somewhat 
unpredictably. These complexities are compounded by the 
lack of design guidelines and interaction models to guide in 
developing usable and predictable “invisible interfaces” (if 
there is no interface per se, how do you “design” it?). 

Evaluation methodologies have evolved to combine 
controlled laboratory studies and Wizard of Oz prototypes 
with in-situ field methods. In addition to ethnographic 
studies (observed user behavior) and diary or journal 
studies (self-reported user behavior), new techniques and 
metrics are being tested and applied [e.g., 4, 15, 16]. 
Ideally, these capture data that are in-situ, involve multiple 
participants, take place over (sometimes extended) periods 
of time, and are quantitative and qualitative in nature. Most 
notably, experience sampling methods (ESM) are eliciting 
user responses from the field by using sensors, inferred 
events, or contextual inferences to time prompting for users 
to answer questions delivered over mobile devices. These 
questions can thus be tuned to fit the nature of the inferred 
situation and to increase the likelihood of responses 
(because they are timed for less disruptive moments).  

We are further interested in exploring methods for 
quantifying and measuring not only usability/predictability 
but also effort. While still in its early stages, we are 
investigating the application of subjective and objective 
measures of mental and physical workload such as those 
typically applied in traditional Human Factors Engineering, 
most notably the NASA Task Load Index, SWAT 

(Subjective Workload Assessment Technique), and 
SWORD (Subjective Workload Dominance). We are 
hoping that the metrics captured by these techniques may 
usefully quantify key factors in ubicomp applications and 
technologies that enable us to compare, contrast and 
systematically assess new approaches in design.  

SUMMARY 
I wish to summarize by highlighting some questions and 
issues that I believe the research community needs to 
address. Does categorizing the extent to which an interface 
is embodied in an object help us in formulating design 
principles, interaction models and evaluation metrics? How 
do we define and go about designing “invisible interfaces” 
if interaction mechanisms aren’t visible? What is the 
interaction model? What is the role of user’s context and 
how do we best make use of that? How accurately do we 
need to infer context? What do we communicate to the user 
about what we are inferring, when we infer, where we infer, 
and whether it is correct? What kinds of evaluation 
methodologies will most help us in assessing new usage 
patterns, new technologies, and invisible interactions? Will 
this evolution of technology result in outcomes that are 
“digitally simplistic”? Should this be an aspiration? If not, 
what are the measures for success? 
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