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Stuart Card - keynote @ CHI ’12

“how to ground the field, accelerate its progress, and make 
it cumulative by fashioning theories and incorporating 
them into practice”

Technology develops by combinatoric evolution and we need to 
understand how HCI works with technology, to focus on 
technological and theoretical progress all together in order to 
successfully take on the new “golden age” that HCI is entering now.
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Figure 1: Designing a puzzle UI with MaggLite.  (a) Drawing UI.  (b) Configuring interactions.  (c) Using the application. 

 
ABSTRACT 
This article presents MaggLite, a toolkit and sketch-based 
interface builder allowing fast and interactive design of 
post-WIMP user interfaces.  MaggLite improves design of 
advanced UIs thanks to its novel mixed-graph architecture 
that dynamically combines scene-graphs with interaction-
graphs.  Scene-graphs provide mechanisms to describe and 
produce rich graphical effects, whereas interaction-graphs 
allow expressive and fine-grained description of advanced 
interaction techniques and behaviors such as multiple 
pointers management, toolglasses, bimanual interaction, 
gesture, and speech recognition.  Both graphs can be built 
interactively by sketching the UI and specifying the interac-
tion using a dataflow visual language.  Communication 
between the two graphs is managed at runtime by compo-
nents we call Interaction Access Points.  While developers 
can extend the toolkit by refining built-in generic mecha-
nisms, UI designers can quickly and interactively design, 
prototype and test advanced user interfaces by applying the 
MaggLite principle: “draw it, connect it and run it”. 

Categories and Subject Descriptors: H5.2 [Information 
Interfaces]: User InterfacesʊGraphical user interfaces 

(GUI), User interface management systems (UIMS), Inter-
action styles, Prototyping, Input devices and strategies; 
D2.11 [Software Engineering]: Software Architectures. 

Additional Keywords and Phrases: GUI toolkits, GUI 
architectures, ICON, MaggLite, interaction techniques, 
interaction design. 

INTRODUCTION 
Most GUI toolkits are based on heavyweight components 
that encapsulate presentation and interaction into single 
monolithic components.  Using such architectures, extend-
ing either the presentation or the interaction of components 
is challenging, sometimes even impossible.  Without exten-
sive built-in support for Post-WIMP interaction techniques 
and alternative input, developing advanced GUIs is a long 
and expensive process.  Although prolific work has been 
carried out on new user interface toolkits, there is still a 
strong need for tools that would allow easy development or 
prototyping of advanced and innovative interactive applica-
tions.  The MaggLite Post-WIMP toolkit is a new step 
toward such tools.  Relying on a multi-input interaction 
model and fine-grained scene-graph architecture, MaggLite 
offers new possibilities in designing user interfaces: 

� From the UI design perspective, MIB, a sketch-based 
interface builder included in MaggLite, allows very-high-
fidelity prototyping of post-WIMP user interfaces.  Interac-
tions are specified graphically using the ICON data-flow 
editor [10].  The tools and mechanisms provided by Mag-
gLite (Interface Builder, base components, tools abstrac-

Permission to make digital or hard copies of all or part of this work 
for personal or classroom use is granted without fee provided that 
copies are not made or distributed for profit or commercial advantage 
and that copies bear this notice and the full citation on the first page. 
To copy otherwise, or republish, to post on servers or to redistribute 
to lists, requires prior specific permission and/or a fee. 
UIST ’04, October 24–27, 2004, Santa Fe, New Mexico, USA. 
Copyright © 2004 ACM 1-58113-957-8/04/0010. . . $5.00. 
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.when interaction design is driven by technology

.when interaction design is constrained by technology

.when interaction design improves technology
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objective! :! ! target agnostic pointing technique

solution! :! ! revisit cursor wrapping
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objective! :! ! bimanual interaction in mobility

solution! :! ! design space and multiple designs
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FlowStates                          with C. Appert, P. Dragicevic & M. Beaudouin-Lafon

objective! :! prototyping advanced interaction
solution!! :! state-transition (SwingStates)
! ! ! ! ! & data-flow (ICon)

.building blocks and combination
↳ describing = programming

adaptability and dynamicity
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public class Zoom extends IConEvent {
   protected double dZ;
   public void setSlotDZ(double dz) { dZ = dz; }
   public double getSlotDZ() { return dZ; }
   public boolean occurs() { return dZ > 0; }
}

new IConStateMachine(”zoom”, canvas) {
   State idle = new State() {
      Transition zoom = new Event(Zoom.class) { ... };
   };
}
new IConStateMachine(”pan”, canvas) {
   State idle = new State() {
      Transition pan = new Event(Pan.class) { ... };
   };
}

public Pan extends IConEvent {
   private double dX;
   private double dY;
   public double getSlotDeltaX() { return dX; }
   public double getSlotDeltaY() { return dY; }
   public void setSlotDeltaX(double dx) { dX = dx; }
   public void setSlotDeltaY(double dy) { dY = dy; }
}

STATE MACHINE
'ZOOM'
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EVENT
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jBricks                                                          with E. Pietriga, R. Primet & M. Nancel

objective! :! rich graphics & advanced interaction in 
! ! ! ! ! multi-surface environments
solution!! :! separation of concerns
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.conducting experiments

describe the key components of Touchstone. We then 
illustrate the use of the design and run platforms with two 
experiments. We describe the results of the first 
experiment and conclude with a discussion of Touchstone 
and directions for future research. 

RELATED WORK 

Several on-line ‘experiment generators’, e.g., WeXtor and 

EDGAR2 are designed to help students learn how to 
design specified types of experiments. While they offer a 
start, none provide researchers with the ‘what-if’ style of 
experiment design exploration that we sought. As 
researchers, we would like to see what happens if, for 
example, we add extra values to a particular factor: What 
is the effect on how many subjects are required for a 
properly counter-balanced experiment? What is the effect 
of replicating trials on the overall length of the 
experiment for any individual subject? 

Some statistical analysis packages, such as JMP (SAS 
Institute) include experiment design modules. We have 

also found websites3 that provide code for implementing 
particular designs. Unfortunately, these assume that the 
experimenter has already made all the relevant design 
decisions and is simply plugging in the factors. In 
addition, modules from statistics packages are very 
comprehensive, covering a huge variety of possible 
experimental designs that go far beyond the scope of most 
HCI studies and are often confusing for non-specialists.  

Finally, we have found many on-line courses and 

textbooks on experimental design4. Some are excellent, 
but they are rarely presented with HCI experiments as 
examples. Understandably, they tend to specialize 
according to a particular application domain and 
differences in terminology and assumptions about what 
constitutes a typical experiment may create a significant 
barrier. For example, the HCI literature uses the terms 
within-subjects and repeated measures, which are 
common in psychology, but rarely correlated samples, 
from engineering statistics. Yet all mean the same thing. 
We also find confusion about terms within the HCI 
literature. For example, a repeated measures design refers 
to a single measure being repeated once for each subject; 
replicated measures refer to multiple presentations of the 
same trial to the same subject. Since few standard 
introductory psychology courses involve repeated 
measures experiments that also replicate trials per subject, 
many researchers find it difficult to obtain appropriate 
advice on the design and analysis of such experiments. 

With respect to the actual running of experiments, despite 
the large number of user interface toolkits, the only 
systems we know that share Touchstone's goals are the 
Generalized Fitts’ Law Model Builder [20] and the 

                                                             

2 Wextor: http://psychwextor.unizh.ch/wextor/ 
   EDGAR: http://www.uea.ac.uk/nrp/jic/edgar 

3  http://home.nc.rr.com/schabenb/Designs.html 
    http://statpages.org/#WhichAnalysis  

4  For example: http://faculty.vassar.edu/lowry/webtext.html 

Shakespeare platform [13]. Both are specifically targeted 
at Fitts experiments and could be used in the context of 
ISO standard 9241 [21] on input devices, but neither 
supports interactive, exploratory experiment design. We 
need more general tools that help a wider range of HCI 
researchers to design, run and analyze HCI experiments. 

TOUCHSTONE ARCHITECTURE 

We developed Touchstone as an open-source tool for 
creating controlled, counterbalanced experiments, 
especially (but not solely) for comparing interaction 
techniques. The design is modular (Figure 1), with three 
main components that can be used independently, 
although they are designed to work together. 

The design platform provides a simple web-based 
interface to guide experimenters through all phases of 
designing a controlled experiment, including blocking, 
counterbalancing, and estimating the timing. It produces 
an XML script that describes the experiment, as well as 
text descriptions of different aspects of the experiment 
design and sample data logs. The current version of the 
design platform covers the most common experimental 
designs used in HCI. If needed, users can edit the script 
file or use their own counterbalancing strategies. 

The run platform consists of the experiment launcher and 
the Touchstone Development Environment (TDE). The 
experiment launcher is a Java-based application 
framework that loads experiment components (blocks, 
factors, etc.) from a repository and then runs the 
experiment, presenting trials to the user according to the 
experimental protocol defined by the above XML script 
and collecting data into data logs. The Touchstone 
Development Environment is used to implement new 
experiment components and register them with the design 
and run platforms. For example, the current set of 
experiment components implements pointing and 

 

Figure 1. Touchstone architecture: 
design, run and analysis platforms 
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! ! ! “ C o n s i d e r a 
! ! ! reaction graph with 
! ! ! N m o l e c u l a r 
! ! ! s p e c i e s , p o l y m e r 
! ! ! sequences of A, and 
! ! ! B m o n o m e r s o f 
! ! ! diverse lengths. Call 
this initial N the actual. Now ask 
the organic chemist to draw all the 
reactions that these N species might 
undergo [...]. It may well be that the 
products of some of these single-step 
reactions will not be among the initial N 
in the "actual" but will be new 
molecular species. Call the set of 
n e w m o l e c u l a r s p e c i e s 
reachable in a single-reaction 
step from the actual, the 
adjacent possible. [...] The initial 
plus its adjacent possible can be 
considered a new actual, which will then 
have a new adjacent possible.”
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! ! ! diverse lengths. Call 
this initial N the actual. Now ask 
the organic chemist to draw all the 
reactions that these N species might 
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reactions will not be among the initial N 
in the "actual" but will be new 
molecular species. Call the set of 
n e w m o l e c u l a r s p e c i e s 
reachable in a single-reaction 
step from the actual, the 
adjacent possible. [...] The initial 
plus its adjacent possible can be 
considered a new actual, which will then 
have a new adjacent possible.”

! ! ! “ [ . . . ] we l i ke t o 
! ! ! think of breakthrough 
! ! ! i d e a s a s s u dden 
! ! ! accelerations on the 
! ! ! t imel ine , where a 
! ! ! genius jumps ahead 
! ! ! fifty years and invents 
! ! ! s o m e t h i n g t h a t 
! ! ! normal minds [...] 
couldn't possibly have come up with. 
But the truth is that technological 
(and scientific) advances rarely 
break out of the adjacent 
possible; the history of cultural 
progress is, almost without exception, a 
story of one door leading to another 
door, exploring the palace one room at 
a time. But of course, human minds are 
not bound by the finite laws of molecule 
formation, and so every now and 
then an idea occurs to someone 
that teleport us forward a few 
rooms, skipping some exploratory 
steps in the adjacent possible. But 
those ideas almost always end up 
being short-term failures, precisely 
because they have skipped ahead.”
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that teleport us forward a few 
rooms, skipping some exploratory 
steps in the adjacent possible. But 
those ideas almost always end up 
being short-term failures, precisely 
because they have skipped ahead.”

! ! ! “There can be no 
! ! ! sudden leaps 
! ! ! upward – no 
precipitous increases in ordered 
complexity. Second, there can be no 
going downhill – species can’t 
get worse as a prelude to getting 
better. Third, there may be more 
than one peak – more than one 
way of solving the same problem, all 
flourishing in the world.”
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Ecran volumétrique 10” : 192x768x768
11 3246 208 pixels

Autres modalités/périphériques de sortie

PHANTOM Omni, 6DOF, 3.3N (SensAble)

Vital (CEA LIST)Diffuseur d’odeur (Exhalia)
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Périphériques d’entrée : quelques exemples

claviers, boîtes à boutons

potentiomètres (rotatifs, linéaires)

souris, tablettes, joystick, trackball

écrans tactiles, crayons optiques

reconnaissance de la parole

voice as sound

capteurs de position et de direction 

vision par ordinateur

surfaces interactives

dispositifs hybrides entrée/sortie

Gestion des périphériques d’entrée

attente
bloquante

requète échantillonnage

réponse
immédiate

événement

file d'attente
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vision par ordinateur
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dispositifs hybrides entrée/sortie
Retour d”effort

videos/force/phantom.flv
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Périphériques d’entrée: Control-Display Gain

Résolution: nombre d’impulsion que peut envoyer le periphérique
d’entrée pour une distance donné. Souvent expriment en dpi =
dot[impulsion] per[par] inch[pouce]. 1 pouce = 2.54 cm

Exemple pour une souris: entre 300dpi (lent), 600dpi (typique) et 2400dpi
(max?), soit, respectivement une impulsion tous les 0.083, 0.042 et 0.01 mm

Controle-Display Gain [Gain contrôle-écran]:

CDGain =
Distance parcourue à l’écran par le pointeur

Distance parcourue par le périphérique d’entrée

Exemples. Ecran 100 dpi, souris 600 dpi et une impulsion souris� un pixel:
CDGain = 6. Tablette avec contrôle direct tablette-écran: CDGain = 1.

6

Périphériques d’entrée: Accélération

Problème: Si le CDGain est trop grand il est difficile d’être précis,
mais si il est trop petit on est obligé de débrayer la souris pour
parcourir de “grande” distance.

Accélération: modification dynamique du CDGain en fonction de la
vitesse de la souris. Plus on va vite, plus le CDGain devient grand.

Souris

Pointer

CDGain Constant

Souris

Pointer

X Window:
Deux valeurs pour

le CDGain

Souris

Pointer

Mac OS X et Windows:
Changement progressif

du CDGain

7

Pointage: Loi de Fitts

D

W

TM = a + b.ID où

ID = log2(
D
W

+ 1)

MT : Temps de Mouvement
ID: Indice de Difficulté (de la tâche)
a, b: constantes empiriques (qui dépendent des utilisateurs, du
péripherique ...etc.)

ID

TM

8
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souris, tablettes, joystick, trackball
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d’entrée pour une distance donné. Souvent expriment en dpi =
dot[impulsion] per[par] inch[pouce]. 1 pouce = 2.54 cm

Exemple pour une souris: entre 300dpi (lent), 600dpi (typique) et 2400dpi
(max?), soit, respectivement une impulsion tous les 0.083, 0.042 et 0.01 mm

Controle-Display Gain [Gain contrôle-écran]:

CDGain =
Distance parcourue à l’écran par le pointeur

Distance parcourue par le périphérique d’entrée

Exemples. Ecran 100 dpi, souris 600 dpi et une impulsion souris� un pixel:
CDGain = 6. Tablette avec contrôle direct tablette-écran: CDGain = 1.
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Périphériques d’entrée: Accélération

Problème: Si le CDGain est trop grand il est difficile d’être précis,
mais si il est trop petit on est obligé de débrayer la souris pour
parcourir de “grande” distance.

Accélération: modification dynamique du CDGain en fonction de la
vitesse de la souris. Plus on va vite, plus le CDGain devient grand.

Souris

Pointer

CDGain Constant

Souris

Pointer

X Window:
Deux valeurs pour

le CDGain

Souris

Pointer

Mac OS X et Windows:
Changement progressif

du CDGain
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Pointage: Loi de Fitts

D

W

TM = a + b.ID où

ID = log2(
D
W

+ 1)

MT : Temps de Mouvement
ID: Indice de Difficulté (de la tâche)
a, b: constantes empiriques (qui dépendent des utilisateurs, du
péripherique ...etc.)

ID

TM

8

Périphériques d’entrée : quelques exemples

claviers, boîtes à boutons

potentiomètres (rotatifs, linéaires)

souris, tablettes, joystick, trackball

écrans tactiles, crayons optiques

reconnaissance de la parole

voice as sound

capteurs de position et de direction 

vision par ordinateur

surfaces interactives

dispositifs hybrides entrée/sortie

Gestion des périphériques d’entrée

attente
bloquante

requète échantillonnage

réponse
immédiate

événement

file d'attente
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domain objectuser

action

reaction

command

response

feedback

instrument
Figure 1: Interaction instrument mediating the
interaction between a user and a domain object

common case of a keyboard and mouse, a single input
device (the mouse) must be multiplexed between a
potentially large number of instruments, i.e. a single
physical part may be associated with different logical parts.
An instrument is said to be activated when it is under the
user's control, i.e. when the physical part has been
associated with the logical part. In the case of the scrollbar,
the user activates the instrument by pointing at it and it
remains active as long as the pointer is within the scrollbar.
When creating a rectangle,  the user activates the instrument
by clicking a button in a tool palette and it remains active
until another instrument is activated.
These two types of activation are quite different. The
activation of the scrollbar is spatial because it is caused by
moving the mouse (and cursor) inside the area of the
scrollbar. The activation of the rectangle creation
instrument is temporal because it is caused by a former
action and remains in effect until the activation of another
instrument. (This is traditionally called a mode). Each type
of activation has an associated cost: Spatial activation
requires the instrument to be visible on the screen, taking
up screen  real-estate and requiring the user to point at it and
potentially dividing the user's attention. Temporal
activation requires an explicit action to trigger the
activation, making it slower and less direct.
Interface designers often face a design trade-off between
temporal and spatial multiplexing of instruments because
the activation costs become significant when the user must
frequently change instruments. Using extra input devices
can reduce these costs. For example, the thumbwheel on
Microsoft's Intellimouse is a scrolling instrument that is
always active. An extreme example is an audio mixing
console, which may contain several hundred potentiometers
and switches, each corresponding to a single function. This
permits very fast access to all functions, which is crucial
for sound engineers working in real-time and cannot afford
the cost of activating each function indirectly. A large
design space lies between a single mouse and hundreds of
potentiometers, posing design challenges to maximally
exploit physical devices and reduce activation costs.
Reification and Meta-instruments
Reification is a process for turning concepts into objects. In
user interfaces, the resulting objects can be represented
explicitly on the screen and operated upon. For example, a
style in a text editor is the reification of a collection of text
attributes; the notion of material in a 3D modeller is the
reification of a set of rendering properties. This type of
reification generates new domain objects such as styles and

materials that complement the "primary" domain objects of
the application domain.
Instrumental Interaction introduces a second type of
reification: an interaction instrument is the reification of
one or more commands. For example, a scrollbar is the
reification of the command that scrolls a document. This
link between the traditional notion of command and the
notion of instrument makes it easy to analyze existing
interfaces with the Instrumental Interaction model. It is also
a useful guideline to identify instruments when designing a
new interface. In the last part of this paper, this rule is used
to reify the traditional search-and-replace command of a text
editor into a search instrument.
The result of this reification rule is that instruments are
themselves potential objects of interest. This is indeed the
case in real life, when the focus of attention shifts from the
object being manipulated to the tool used to manipulate it.
For example a pencil is a writing instrument and the
domain object is the text being written. When the lead
breaks, the focus shifts to a new instrument, a pencil
sharpener, which operates on the shifted domain object, the
pencil lead. The focus may even shift to the pen sharpener,
if we need a screwdriver to fix it. Such "meta-instruments"
(instruments that operate on instruments) are not only
useful for "fixing" instruments, but can also be used to
organize instruments in the workspace, e.g. a toolbox, or to
tailor instruments to particular tasks, e.g. turning a power-
drill into a power-saw. In graphical user interfaces, common
meta-instruments include menus and tool palettes used to
select commands and tools, i.e. to activate instruments.
Properties of Instruments
An important role of an interaction model is to provide
properties to evaluate and compare alternative designs. This
can help interface designers who face difficult choices when
selecting the interaction techniques for a particular
application. The goal of defining properties of instruments
is not to decide which instruments are good and which are
bad, but to evaluate them so that designers can make an
informed choice and so that researchers can identify and
explore areas of the design space that are not mapped by
existing instruments.
The literature on user interface evaluation techniques is
considerable. Here, we use a particular type of evaluation
based on properties. This is a common approach in software
engineering and has also proved valid and useful for
evaluating interactive systems [12]. The rest of this section
introduces three properties of interaction instruments.
Degree of indirection
The degree of indirection is a 2D measure of the spatial and
temporal offsets generated by an instrument. The spatial
offset is the distance on the screen between the logical part
of the instrument and the object it operates on. Some
instruments, such as the selection handles used in graphical
editors, have a very small spatial offset since they are next
to or on top of the object they control. Other instruments,
such as dialog boxes, can be arbitrarily far away from the
object they operate on and therefore have a large spatial
offset. A large spatial offset is not necessarily undesirable.
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.Engelbart, augmenting human 
intellect (60s) .Kay, a personal computer for 

children of all ages (70s)

.Weiser, integrating computers 
seamlessly into the world (late 80s)
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