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Abstract—In this paper we plan to explore the notion of
cognitive chance taking advantage of an analysis of the concept
of interface. The notion of interface, especially studied in the
field of Human-Computer Interaction (HCI), can be of help in
shedding light on how to design cognitive artifacts able to shape
and extend pre-existing cognitive capabilities – and even able to
unearth new ones. The cognitive dimension of interfaces will be
considered in connection with the notion of cognitive niche. From
a theoretical perspective, an interface is a cognitive niche insofar
as it selects those aspects of the environment relevant to carry
out certain cognitive tasks. In dealing with interface design, we
will put forward an alternative conception of affordance based on
the notion of abduction. We will argue that an efficient interface
can be considered as a set of affordances: it displays as much as
possible those signs from which one can correctly infer what to
do next.

Index Terms—abduction, affordance, human-computer inter-
action, interface design, cognitive niche.

INTRODUCTION

As a matter of fact, humans actively sort out the information
they need to control their behavior in the world [1]. They
do not store descriptions of pictures, objects or scenes they
perceive in a static way: they continuously adjust and refine
their perspective through further cognitively rich explorations
that allow them to get a more detailed understanding. Within
this framework, the importance of detecting and then making
use of the various cognitive chances offered by the environment
is fundamental. By the term cognitive chance we refer to the
“information” which is not stored internally in memory or
already available in an external reserve, but that has to be
“extracted” and then picked up upon occasion.1

In this paper we plan to explore the notion of cogni-
tive chance taking advantage of an analysis of the concept
of interface, which brings our attention to the problem of
designing cognitively effective systems for decision-making
support. The notion of interface, especially studied in the field
of Human-Computer Interaction (HCI), can be of that help
in clarifying this problem because it sheds light on how to

1Nara and Ohsawa proposed the term “chance discovery” to point the
attention to the various activities of extracting chances [2]. For instance, Abe
at al. [3] usefully apply abduction to dynamic risk management in nursing,
where rare chances (risks or accidents) can be abduced as novel generated
hypotheses.

design cognitive artifacts able to shape and extend pre-existing
cognitive capabilities – and even able to unearth new ones.
Treating the problem of interface design will allow us to
explore from an eco-cognitive perspective some of the major
theoretical issues underlying the relationship between an agent
and its environment.

The cognitive dimension of interface will be considered
in the perspective of the notion of cognitive niche. From a
theoretical perspective, an interface is a cognitive niche insofar
as it selects those aspects of the environment relevant to
carry out certain cognitive tasks. In this sense, we will define
“designers” as eco-cognitive engineers.

In dealing with the exploitation of cognitive resources em-
bedded in the environment, the notion of affordance, originally
proposed by Gibson [4] to illustrate the hybrid character of
visual perception is extremely relevant. More precisely, we will
put forward an alternative conception of affordance based on
the notion of abduction: we posit that an effective interface
is the one that displays as much as possible those signs from
which one can correctly infer what to do next. Within this
framework, affordances are states of the world that prompt us
to take certain actions rather then others.

Finally, in the last part of the paper we will present
some examples from Human-Computer Interaction in order to
show how our theoretical approach based on abduction and
affordance can provide useful hints for interface design.

I. THE COGNITIVE RELEVANCE OF INTERFACE DESIGN

C.P. Snow pointed out that technology is a queer thing
since its ambivalence. It can be a great gift on the one hand,
but it can turn out to be irritating on the other. Computer
programs, computational tools, cell phones, and all kind of
technological stuff, enable us to accomplish a great array of
things: calculating, organizing, drawing, writing, playing some
instrument, etc.. All that is the great gift Snow talked about.
However, carrying out all these activities is not costless. The
computer (or our mobile) is not an oracle, that is “just ask, and
you’ll get back the answer”; we cannot tell a computer, “please,
I need to send en email to a friend of mine” and it immediately
opens our mail client and it chooses the most suitable layout
for the email you are going to write. All these activities involve
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being able to cope with technologies, and cognitive artifacts
in general. Indeed, a tool or a computer program enhances our
cognitive abilities, but that implies being able to know how to
exploit their functionalities. Hence, the problem is concerned
about how to design technologies so that humans can easily
exploit their potentialities. How can we design products that
can easily help humans accomplish different tasks?

From a general perspective, an interface is defined by the
way we interact with an external object, what we do and how
it responds [5]. This is a definition which allows us to place
attention upon a very simple fact: an interface is not something
given or an entirely predefined property, but it is the interplay
that actually takes place when a product meets the users.
More precisely an interface is that interaction that mediates the
relation between the user and a tool explaining the approach
we need to exploit its functions. Hence, an interface can be
considered as a mediating structure. According to Hutchins [6],
a mediating structure is a kind of representation, both internal
and external, that changes the way a certain task can be carried
out.

The question of interface design is not trivial and it is not
related only to HCI . We know that external objects can be
valuable aids to cognition, as they can easily extend our pre-
existing capabilities and uncover valuable chances. Several
cognitive scientists have shown how external artifacts shape
our cognitive abilities. However, very few words have been
spent about how to design those artifacts that can effectively
overcome human limitations and extend human cognitive abil-
ities. What are those principles we can fruitfully employ to
detect latent cognitive chances?

II. INTERFACES AS COGNITIVE NICHES

In order to shed light on the broader cognitive significance
of interface design, the notion of cognitive niche turns out to
be conceptually profitable. Our main take is that an interface is
a cognitive niche. The notion of cognitive niche acknowledges
the artificial nature of the environment humans live in, and
their active part in shaping it with relation to their needs and
purposes. It is within this context that we locate the theoretical
issue of interface design.

As already mentioned above, the main theoretical issue
involving interface design is that the various external artifacts
and objects provide us with various resources. The distributed
cognition approach is relevant to this point [6], [7], [8]: it
explicitly acknowledges the mutuality between humans and
their environment. According to this approach, it is the inter-
action between the two that provides humans with additional
cognitive capabilities. Cognitive activities like, for instance,
problem solving or decision-making, cannot only be regarded
as internal processes that occur within the isolated brain.
Through the process of niche creation humans extend their
minds into the material world, exploiting various external
resources. For “external resources” we mean everything that
is not inside the human brain, and that could be of some
help in the process of deciding, thinking about, or using
something. Therefore, external resources can be artifacts, tools,

objects, and so on. Problem solving activities, for example, are
unthinkable without the process of connection between internal
and external resources.

In other words, the exploitation of external resources is the
process which allows the human cognitive system to be shaped
by environmental (or contingency) elements. According to
this statement, we may argue that detecting suitable cognitive
chances play a pivotal role in almost any cognitive process.
Here the notion of cognitive niche is of that theoretical
importance: humans have at disposal a range of behavioral
options insofar as they are merged into a network of cognitive
niches [9], [10].

From an evolutionary perspective, the ubiquitous presence
of the cognitive niches contribute to introducing a second and
non-genetic inheritance system insofar as the modifications
brought about on the environment persist, and so are passed
on from generation to generation [11]. The main advantage of
having a second inheritance system is that it enables humans
to access a great variety of information and resources never
personally experienced, resulting from the activity of previous
generations [11]. That is, the information and knowledge hu-
mans can draw on are not simply transmitted, but they can also
be accumulated in human niches. Indeed, the knowledge we are
talking about embraces a great variety of resources including
knowledge about nature, social organization, technology, the
human body, and so on.

Now, the point we want to stress is that an interface can
be considered as a cognitive niche in the sense that a part
of our environment is appropriately manipulated to physically
encode and store the changes made upon the environment
itself. In turn, these changes become cues that can affect a
certain reaction.

The mediation of an interface is as selective as that of a
cognitive niche. In any cognitive niche the relevant aspects of
local the environment are appropriately selected so as to turn
the surroundings – inert from a cognitive point of view – into
a mediating structure delivering suitable chances for behavior
control [11]. The same can be said about the interface: it is
selective insofar as it selects those aspects that are relevant to
prompt the user a certain reaction, and selects out those which
are ambiguous. In this sense, “designers” are eco-cognitive
engineers.

More generally, we might claim that an interface mediates
the relation between the user and a tool affording her or him
to use it a certain way.2 The kind of mediation involved here
can be fruitfully investigated from a cognitive and epistemo-
logical point of view. More precisely we claim the process of
mediating can be better understood when considered to be an
inferential one.

III. THE INFERENTIAL NATURE OF HUMAN-COMPUTER

INTERACTION

We have already pointed out that an interface as a cognitive
niche is a mediating structure. That is, it provides those cues

2We will be dealing with the notion of affordance in section IV.
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which assist the agent by simplifying the representation task
she faces. It is important to note that this mediating process
is inferential. By the term “inferential” we do not refer to the
sentential dimension typical of logic, rather to the semiotic
one [12], [13]. Several researchers [14], [15] have pointed out
that designing interface deals with displaying as many cues as
possible from which the user can correctly and quickly infer
what to do next. Shneiderman has suggested that the value
of an interface should be measured in terms of its consistency,
predictability and its controllability [16]. These are all to some
extent epistemological values. But in which sense could an
interaction be predictable or consistent?

Even if the inferential nature of such interactions is ac-
knowledged, as of yet no model has been designed which takes
it into account. How can understanding the inferential nature
of human-computer interaction shed light on some theoretical
issues concerning the activity of designing good interfaces?

Here the cognitive task required is twofold: first, investigat-
ing what kind of inference is involved in such an interaction.
Second, explaining how the analysis of the nature of computer
interaction as inferential can provide useful hints about how to
design and evaluate inferences. In both cases we will consider
the notion of abduction and the one of affordance as keystones
of a broad cognitive model.

IV. THE NOTION OF AFFORDANCE AND ITS RELEVANCE

FOR INTERFACE DESIGN

According to Gibson [4] a niche can be seen as a set of
affordances appropriately designed to certain purposes. This
is, indeed, implicit in the selective nature of interface design
as a case of that cognitive niche construction we have treated in
the previous section. Now, the notion of affordance may help
us provide sound answers to the various questions that come
up with the problem of interface. The notion of affordance is
fundamental for two reasons. First of all, it defines the nature
of the relationship between an agent and its environment,
and the mutuality between them: affordance cuts across the
subjective/objective frontier. Second, this notion may provide
a general framework to illustrate humans as chance seekers.

The notion of affordance is highly controversial especially
in its application to the Human-Computer Interaction [4], [17],
[18]. Generally speaking, affordance is what the environment
offers or furnishes in terms of action possibility [4], [19]. For
instance, a chair affords sitting, stairs climbing, air breathing,
and so on. Analogously, we may argue that an effective
interface is the one that affords the user to use a device (a
computer, a mobile, etc.) a certain way. Now, some questions
immediately come up: is an affordance a property exhibited
by the interface? Or a property humans project into it?

Gibson did not only provide clear examples, but also a list of
definitions (cf. [20]) that may contribute to generating possible
misunderstanding:

1) affordances are chances for action;
2) affordances are the values and meanings of things which

can be directly perceived;
3) affordances are ecological facts;

4) affordances imply the mutuality of perceiver and envi-
ronment.

More generally, we contend that the Gibsonian ecological
perspective originally achieves two important results. First of
all, human agencies are somehow hybrid, in the sense that
they strongly rely on the environment and on what it offers.
Secondly, Gibson provides a general framework about how
organisms directly perceive objects and their affordances. His
hypothesis is highly stimulating: “[. . . ] the perceiving of an
affordance is not a process of perceiving a value-free physical
object [. . . ] it is a process of perceiving a value-rich ecological
object”, and then, “physics may be value free, but ecology is
not” [4, p. 140]. These two issues are related, although some
authors seem to have disregarded their complementary nature.
It is important here to clearly show how these two issues can
be considered two faces of the same medal.

Having described an interface as a mediating structure
can be helpful in dealing with the problem of affordance.
Basically, we contend that an interface can be considered as
a set of affordances, which are those suitably designed for
accomplishing certain tasks rather than others. If an interface
is what incorporates signs and cues from which the user
infers what to do next, then an affordance can be considered
that state of the world in which the cues and signs we can
perceive are highly diagnostic. That is, the more cues and signs
are diagnostic, the more affordances will be visible; the less
affordances are visible, the more the interface will be poor
(and therefore one’s performance in interacting with a device).
In order to explain the meaning of “highly diagnostic”, the
notion of abduction can provide an insightful framework.

V. ABDUCTION, INTERFACE DESIGN, AND AFFORDANCE

DETECTION

Charles Sanders Peirce [21], more than one hundred years
ago, pointed out that human performances are inferential and
mediated by signs: here signs can be icons, indexes, but also
conceptions, images and feelings. We have signs or cues, that
can be icons, but also symbols, written words, from which
certain conclusions are inferred.

According to Peirce all those performances that involve
sign activities are abductions [21]. Abduction is the process
of inferring certain facts and/or laws and hypotheses that
render some sentences plausible, that explain or discover some
(eventually new) phenomenon or observation; it is the process
of reasoning in which explanatory hypotheses are formed and
evaluated. There are two main epistemological meanings of
the word abduction: 1) abduction that only generates “plau-
sible” hypotheses (“selective” or “creative”) and 2) abduction
considered as inference “to the best explanation”, which also
evaluates hypotheses [12]. Consider for example the method
of inquiring employed by detectives [22]: in this case we
do not have direct experience of what we are taking about.
Say, we did not see the murderer killing the victim. But we
infer that given certain signs or cues, a given fact must have
happened. More generally, we guess a hypothesis that imposes
order on data. Analogously, we argue the mediation activity
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brought about by an interface is the same as that employed
by detectives. Designers that want to make their interface
more comprehensible must uncover evidence and clues from
which the user is prompted to correctly infer the way detective
does; this kind of inference, still explanatory, could be called
inference to the best interaction.

We can conclude that how effective an interface is depends
on how easily we can draw the correct inference. A detective
can easily discover the murderer, if the murderer has left
evidence (clues) from which the detective can infer that
person and only that person could be guilty. According to
the definition stated above the interaction is not simply the
possible ones, but it is supposed to be the best. Thus, how
quickly the user can infer what to do next is a central point.
Sometimes finding the murderer is very difficult. It may require
a great effort. More precisely, we may argue that how quick
the process is depends on whether it is performed without an
excessive amount of processing. If cues are clear and well
displayed, the inference is promptly drawn. As Krug put it, it
does not have to make us think [23].

In order to stress the connection between affordance and
abduction, let us make an example. We can say that the fact
that a chair affords sitting means we can perceive some cues
(robustness, rigidity, flatness) from which a person can easily
say “I can sit down”. Now, suppose the same person has
another object O. In this case, the person can only perceive
its flatness. He/she does not know if it is rigid and robust, for
instance. Anyway, he/she decides to sit down on it and he/she
does that successfully.

Now, our point is that we should distinguish between the
two cases: in the first one, the cues we come up with (flatness,
robustness, rigidity) are highly diagnostic to know whether or
not we can sit down on it, whereas in the second case we
eventually decide to sit down, but we do not have any precise
clue about. How many things are there that are flat, but one
cannot sit down on? A nail head is flat, but it is not useful for
sitting. This example further clarifies two important elements:
firstly, finding/constructing affordances certainly deals with a
(semiotic) inferential activity [24]; secondly, it stresses the
relationship between an affordance and the information (the
cues) that specify it that only arise in the eco-cognitive
interaction between environment and organisms. In this last
case the information is reached through a simple action, in
other cases through action and complex manipulations.

VI. A CASE IN POINT: MIMICKING THE PHYSICAL WORLD

WITHIN A DIGITAL ONE

Investigating the activity of designing interfaces from the
“abductive” perspective described above helps designers mimic
the physical world within a digital one to enhance understand-
ing. What follows tries to make an example of the cognitive
model we have described so far. Indeed, what we are going
to illustrate is meant to be just a brief exemplification of the
appeal our approach may have, if further developed. As far as
we are concerned here, we limit our treatment to a few hints.

As we have previously seen, the local environment enables
us to trigger inferential processes, namely, affordances, which,
in turn, are grouped in various cognitive niches: the local
environment becomes a cognitive niche if and only if it can
embody and encode those signs through which one can infer
what to do next. For example, if you are working in your office
and you would appreciate a visit from one of your colleagues,
you can just keep the door open. Otherwise you can keep it
closed. In both cases the local environment encodes the clue
(the door kept open or closed) from which your colleagues
can infer whether you do or don’t want to be disturbed. This
can surely count as an activity of cognitive niche construction
insofar as the local environment is modified to meet some
users’ needs. Here the questions we immediately come up with
is: how can we encode those signs in a digital world? How
can we enrich it so as to render it capable of embodying and
encoding cues?

The question of how to enrich the digital world mainly
concerns how to mimic some important features of the physical
world in the digital one, and it counts as an eco-cognitive
activity, in which designers selectively modify the local envi-
ronment. Often common people refer to an interface as easy-
to-use, because it is more intuitive. Therefore, we do not need
to learn how the product actually works. We just analogically
infer the actions we have to perform from ordinary ones. More
generally, metaphors are important in interface design, because
they relate digital objects to the objects in the physical world
which the user is more familiar with.

In the history of computer interface many attempts have
been brought about to replace some physical features in the
digital world. For instance, replacing command-driven modes
with windows was one of the most important insights in the
history of technology and human-computer interaction [25].
It enabled users to think spatially, say, in terms of “where is
what I am looking for?” and not in terms of “what sequence
of letters do I type to call up this document?”.

Enriching the digital world deals to some extent with
“faking”, transforming those features embedded in the physical
world into illusions. For example, consider the rule of projec-
tion first invented by Filippo Brunelleschi and then developed
by great painters like Leon Battista Alberti and Leonardo da
Vinci. In Peircean terms, what these great painters did was to
scatter those signs to create the illusion of three dimensional
representations. It was a trick that exploited the inferential
nature of visual construction [26].3 In his On Painting, Leon
Battista Alberti [29] devised a method to simulate a three-
dimensional space.

Hence, the question is: how could we exploit inferential
visual dimensions to enhance the interaction in the digital
world? In the window metaphor we do not have rooms, edges,
folders, just like in the physical world. They are, so to say,
illusions, they are all produced by an inferential (abductive)
activity of human perception analogously to what happens in
smashing three to two dimensions. Here, we aim at showing

3About the inferential role of perception, see [27] and [28].
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how visual and spatial abductive dimensions can be fruitfully
implemented in an interface just as a case in point. Roughly
speaking, we argue that enriching digital world precisely
means scattering clues and signs that in some extension fake
spatial and visual dimensions – even if that just happens within
a flat environment.

A. Visual abduction

Visual dimension is certainly one of the most ubiquitous
features in web interaction. Users mainly interact with web
pages visually [15], [30]. Here signs and clues are colors,
text size, dotted line, text format (bold, underline, italics):
they convey visual representations and can assign weight and
importance to some specific part. Consider for example the
navigation menu in the figure below:

Fig. 1. Visual abduction

Here, colors, capital letters and text size provide visual
clues capable of enhancing the processing of information.
The attention is immediately drawn by the menu header that
represents its content (conference and research); capital letters
and the colors serve this function.

Then, the dotted list of the same color of the menu header
informs the user about the number of the items. Hence, the
fact that items are not visibly marked as menu headers gives
a useful overview (Figure 2). Once the user has chosen what
to see (conference or research), she can proceed to check each
item according to her preference (Figure 3).

Fig. 2.

Fig. 3.

In this example the user is guided to draw the correct
inference: it enables her to understand what she could consult.

In contrast, consider for example the same content repre-
sented as in Figure 4.

In this case, even if the content is identical the user does
not have any visual clue to understand what she is going to
consult. She should read all the items to infer and, hence,
understand that she could know something about past and

Fig. 4.

future conferences and about the research topics. If one stopped
her reading after the third item (MBR04), she couldn’t infer
that this page also deals with philosophy of science, with
epistemology, and so on. She does not have enough clues
to infer that. In contrast, in the first example the user is
immediately informed that this website contains information
about conferences and research.

B. Spatial abduction

As mentioned above, the windows metaphor is certainly
one of the most important insights in the history of interface
technology. This is due to the fact that, as Johnson maintains,
it enables the user to think in terms of “where is what I am
looking for?” and not in terms of “what sequence of letters do I
type to call up this document?”, as in a command line system
[25]. The computer becomes a space where one can move
through just double-clicking on folders or icons, or dragging
them. The difference is well described in Figure 5 and Figure
6.

In the first figure (Figure 5), the file named “note.doc” is
deleted by dragging it to the bin: say, the task of deleting is
accomplished by a movement analogous to that used in the
physical setting. Whereas, in the second figure (Figure 6) the
task is carried out by typing a command line composed by the
command itself (“rm”, that stands for “remove”) and the file
to be deleted (“note.doc”).

Fig. 5.

Fig. 6.

In designing web pages, spatial dimension can be mimicked
in other ways. One of the most well known examples is
represented by the so called tab. Tabs are usually employed
in the real world to keep trace of something important, to
divide whatever they stick out of into a section, or to make
it easy to open [23]. In a web site, tabs turn out to be very
important navigation clues. Browsing a web site users often
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find themselves lost. This happens especially when the web
pages they are consulting do not provide spatial clues from
which the user can easily infer where she is. For instance,
several websites change their layout almost in every page: even
if provided by a navigation menu, they are not helpful at all.
In contrast, tabs enhance spatial inference in one important
respect.

Consider the navigation bar represented in Figure 7. In
this example, when the user is visiting a certain page, for
example, the homepage (Figure 7.A), the correspondent tab
in the navigation bar becomes as the same color as the body
page. As Krug noted, this creates the illusion that the active
tab actually moves to the front [23]. Therefore, the user can
immediately infer where she is by exploiting spatial relations
in terms of background-foreground.

Fig. 7. The tabs.

VII. CONCLUSION

In this article we have tried to shed light on the notion of
interface from a broad cognitive perspective. More precisely,
we have been exploring some theoretical issues underlying
interface design.

First of all, we have pointed out that an interface can be
considered as a cognitive niche. Just like the case of a cognitive
niche, an interface involves a selective activity, in which the
local environment is modified in order to detect those clues
from which the user can correctly infer how to cope with a
product.

We have then illustrated how this selective activity aims at
affording the user to facilitate the accomplishment of certain
tasks exploiting the various chances offered by the local
environment. In this sense, an interface can be considered
a set of affordances, which have been suitably designed for
accomplishing certain tasks rather than others.

The process of affordance detection has been described in
abductive terms. Taking advantage of the broader “semiotic”
aspects of abduction, we have argued that a good interface
is the one that displays the clues from which the user is
prompted to correctly infer how to cope with a product. We
called this kind of inference, still explanatory, inference to the
best interaction, which is thought to be at the basis of the
process of affordance detection.

In the last part of the paper we have provided a number of
examples to show how the approach described can be suitably
applied to web interfaces design.

REFERENCES

[1] N. J. T. Thomas, “Are theories of imagery theories of imagination?
An active perception approach to conscious mental content,” Cognitive
Science, vol. 23, pp. 207–245, 1999.

[2] Y. Nara and Y. Ohsawa, “Knowing melting pot. Emerging topics based
on scenario communication on technical foresights,” in The First Euro-
pean Workshop on Chance Discovery, A. Abe and R. Oehlmann, Eds.,
Valencia, 2004, pp. 114–121.

[3] A. Abe, H. I. Ozaku, N. Kuwahara, and K. Kogure, “Cooperation be-
tween abductive and inductive nursing risk management,” in Sixth IEEE
International Conference on Data Mining - Workshops (ICDMW’06),
2006, pp. 705–708.

[4] J. J. Gibson, The Ecological Approach to Visual Perception. Boston,
MA: Houghton Mifflin, 1979.

[5] J. Raskin, The Humane Interface. New York: Addison-Wesley, 2000.
[6] E. Hutchins, Cognition in the Wild. Cambridge, MA: The MIT Press,

1995.
[7] A. Clark, Being There: Putting Brain, Body, and World Together Again.

Cambridge, MA: The MIT Press, 1997.
[8] L. Magnani, Morality in a Technological World. Knowledge as Duty.

Cambridge: Cambridge University Press, 2007.
[9] J. Tooby and I. DeVore, “The reconstruction of hominid behavioral

evolution through strategic modeling,” in Primate Models of Hominid
Behavior, W. G. Kinzey, Ed. Albany: Suny Press, 1987, pp. 183–237.

[10] S. Pinker, “Language as an adaptation to the cognitive niche,”
in Language Evolution, M. H. Christiansen and S. Kirby,
Eds. Oxford: Oxford University Press, 2003. [Online]. Available:
http://www.isrl.uiuc.edu/ amag/langev/paper/pinker03LanguageAs.html

[11] F. Odling-Smee, K. Laland, and M. Feldman, Niche Construction. A
Neglected Process in Evolution. New York, NJ: Princeton University
Press, 2003.

[12] L. Magnani, Abduction, Reason, and Science. Processes of Discovery
and Explanation. New York: Kluwer Academic/Plenum Publishers,
2001.

[13] ——, “Semiotic brains and artificial minds. How brains make up material
cognitive systems,” in Semiotics and Intelligent Systems Development,
R. Gudwin and J. Queiroz, Eds. Hershey, PA: Idea Group Inc., 2007,
pp. 1–41.

[14] J. Hollan, E. Hutchins, and D. Kirsh, “Distributed cognition: Toward
a new foundation for human-computer interaction research,” 2000.
[Online]. Available: from http://hci.ucsd.edu/lab/publications.htm

[15] D. Kirsh, “Metacognition, distributed cognition
and visual design,” 2004. [Online]. Available:
http://cloudbreak.ucsd.edu/ triesch/courses/cogs1/readings/metacognition-
Kirsh2004.pdf

[16] B. Shneiderman, Leonardo’s Laptop. Human Needs and the New Com-
puting Technologies. Cambridge, MA: The MIT Press, 2002.

[17] D. Norman, “Affordance, conventions and design,” Interactions, vol.
6(3), pp. 38–43, 1999.

[18] J. McGrenere and W. Ho, “Affordances: clarifying and evolving a
concept,” in Proceedings of Graphics Interface, 2000, pp. 179–186, May
15-17, 2000, Montreal, Quebec, Canada.

[19] K. J. Vicente, “Beyond the lens model and direct perception: toward a
broader ecological psychology,” Ecological Psychology, vol. 15(3), pp.
241–267, 2003.

[20] A. J. Wells, “Gibson’s affordances and Turing’s theory of computation,”
Ecological Psychology, vol. 14(3), pp. 141–180, 2002.

[21] C. S. Peirce, The Charles S. Peirce Papers: Manuscript Collection in the
Houghton Library. Worcester, MA: The University of Massachusetts
Press, 1967, annotated Catalogue of the Papers of Charles S. Peirce.
Numbered according to Richard S. Robin. Available in the Peirce
Microfilm edition. Pagination: CSP = Peirce / ISP = Institute for Studies
in Pragmaticism.

[22] U. Eco and T. Sebeok, The Sign of Three: Dupin, Holmes, Pierce.
Indianapolis: Indiana University Press, 1991.

[23] S. Krug, Don’t Make Me Think. New York: New Riders Publishing,
2000.

[24] W. L. Windsor, “An ecological approach to semiotics,” Journal for the
Theory of Social Behavior, vol. 34(2), pp. 179–198, 2004.

[25] S. Johnson, Culture Interface. New York: Perseus Books Group, 1997.
[26] D. D. Hoffman, Visual Intelligence. New York: W.W. Norton, 1998.
[27] I. Rock, “Inference in perception,” in PSA: Proceedings of the Biennial

Meeting of the Philosophy of Science Association, 1982, pp. 525–540.
[28] P. Thagard and C. Shelley, “Abductive reasoning: Logic. visual thinking,

and coherence,” in Logic and Scientific Method, M. D. Chiara, D. M.
K. Doests, and J. van Benthem, Eds. Kluwer, 1997, pp. 413–427.

[29] L. Alberti, On Painting. London: Penguin, 1991.
[30] P. van Schaik and J. Ling, “The effects of frame layout and differen-

tial background contrast on visual search performance in web pages,”
Interacting with Computers, vol. 13(5), pp. 513–525, 2001.

1781



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


