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Abstract. Dementia is the progressive decline in cognitive function due
to damage or disease in the body beyond what might be expected from
normal aging. Dementia persons cannot reasonably live their lives. In or-
der to support dementia persons’ lives, various approaches are proposed.
Bozeat and Hodges showed affordance might give a certain support to
(semantic) dementia persons of understanding (meanings of) objects. In
this paper, based on the concept of affordance, abduction, and chance
discovery, a dementia care under the concept of affordance is proposed.

1 Introduction

Due to the advanced and innovative medical treatment, we are able to live longer.
It will be happy to live long, but the other problems are caused by such long
lives. One of the most famous problems is increasing patients who are suffered
from cancer. It will be able to be overcome by the advancement of medical
treatment and is a problem for individuals. Furthermore serious problem for a
person and even for his/her family and surroundings will be dementia. It is the
progressive decline in cognitive function due to damage or disease in the body
beyond what might be expected from normal aging. Dementia persons cannot
reasonably live their lives. It is said that the current medical treatment cannot
cure dementia completely. Even in the near future, it will be negative to cure
dementia. Dementia is caused by problems in a brain. Accordingly, it is more
difficult to cure dementia than cancer. Currently, some methods to delay the
progress of dementia are proposed. For instance, a therapy room or house will
be one of the solution to take care of dementia person [21]. Actually, it is rather
a support system for dementia person’s everyday life.

In addition, several researches and experiments are conducted to analyze the
feature of dementia. Bozeat and Hodges showed affordance might give a certain
support to (semantic) dementia persons of understanding (meanings of) objects
[4,13]. Actually, it covers a limited situation, but it would be better to introduce
a concept of affordance to a dementia care. Affordance has been discussed in
Artificial Intelligence or philosophy as well as in cognitive science. For instance,
Magnani discussed manipulation of affordances in the abduction framework [17].
Thus strategies for dementia care can be discussed and built in the framework
of affordance theory. Affordance theory is a natural processing in actual envi-
ronments. In addition, affordance can be dealt with abduction framework and
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since affrodance is not explicitly displayed but hidden in the environments. Ac-
cordingly, chance discovery [19] can be one of the strategies to a dementia care
problems.

In this paper, based on the above discussion, a dementia care under the con-
cept of affordance, abduction, and chance discovery is discussed.

Section 2 reviews the feature of dementia. Section 3 illustrates the concept
of affordance, abduction, and chance discovery which are discovery reasoning
or knowledge processing. Section 4 proposes a system based on the concept of
affordance. It will be discussed in the context of chance discovery.

2 Dementia

Dementia is the progressive decline in cognitive function, such as memory, at-
tention, language, and problem solving, due to damage or disease in the body
beyond what might be expected from normal aging. In the later stages, dementia
persons will not be able to recognize time (day of the week, day of the month,
and year etc.), place, and person. Phenomena due to aging and dementia are
different. For instance, for memory, aged person does not forget all of his/her
experiences, on the other hand, dementia person forgets whole of his/her experi-
ences. Dementia is roughly categorized to cortical and subcortical. For instance,
several types of cortical dementia are reported such as Alzheimer’s disease. Ex-
cept for the treatable types, there is no cure to dementia, although scientists
are progressing in making a type of medication that will slow down the process.
For instance, For the medication of Alzheimer, actions such as cheerful commu-
nication and proper stimulation are recommend [15]. For instance, some studies
have found that music therapy which stimulates emotion as well as brain may
be useful in helping patients with dementia [3]. Alternative therapies are also
discussed for the care of Alzheimer’s disease and dementia [5,6].

Bozeat and Hodges analyzed the feature of mapping between objects and their
meaning for semantic dementia person from four factors — affordance, presence
of recipient, familiarity, and problem solving [4,13]. They showed very interesting
results For instance, they pointed out “as a group, the patients did not achieve
better performance on a subset of affordanced objects when use of these was
compared with a familiarity-matched subset of objects lacking such affordances.
This absence of a general group benefit applied both to overall use and to the
specific component of use afforded by the object’s structure.[...]it became clear
that there was a reliable benefit of affordance on the specific components of use,
but only for the most impaired patients.” They also pointed out “The impact
of recipient, like affordance, was found to be modulated by the degree of seman-
tic impairment. The patients with a moderate level of conceptual impairment
demonstrated significantly better use with the recipient present, whereas the
patients with mild and severe impairment showed no effect. [...] It was not sur-
prising, therefore, to find that familiarity also influenced performance on object
use assessments.”

These observations and analyses show that proper affordance might give a
certain support to dementia persons understanding (meanings of) objects.
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3 Affordance

3.1 Affordance

Gibson ecologically introduced concept of affordance for perceptional phenomena
[10,11]. It emphasizes the environmental information available in extended spa-
tial and temporal pattern in optic arrays, for guiding the behaviors of animals,
and for specifying ecological events. Thus he defined the affordance of something
as “a specific combination of the properties of its substance and its surfaces taken
with reference to an animal.” For instance, the affordance of climbing a stair step
in a bipedal fashion has been described in terms of the height of a stair riser
taken with reference to a person’s leg length [22]. That is, if a stair riser is less
than 88% of a person’s leg length, then that means that the person can climb
that stair. On the other hand, if a stair riser is greater than 88% of the person’s
leg length, then that means that the person cannot climb that stair, at least
not in a bipedal fashion. For that Jones pointed out that “it should be noted
also that this is true regardless of whether the person is aware of the relation
between his or her leg length and the stair riser’s height, which suggests further
that the meaning is not internally constructed and stored but rather is inherent
in the person’s environment system” [14].

In the context of human-machine interaction Norman extended the concept of
affordance from Gibson’s definition. He pointed our that “...the term affordance
refers to the perceived and actual properties of the thing, primarily those fun-
damental properties that determine just how the thing could possibly be used.
[...] Affordances provide strong clues to the operations of things. Plates are for
pushing. Knobs are for turning. Slots are for inserting things into. Balls are for
throwing or bouncing. When affordances are taken advantage of, the user knows
what to do just by looking: no picture, label, or instruction needed” [18]. Thus
Norman defined affordance as something of both actual and perceivable proper-
ties. Accordingly his interpretation has effectively been introduced to interaction
designs.

Zhang categorized several types of affordance into the following categories
[23]:

– Biological Affordance
For instance, a healthy mushroom affords nutrition, while a toxic mushroom
affords dying.

– Physical Affordance
For instance, the flat horizontal panel on a door can only be pushed. Many
of this type of affordances can be found in Norman [18].

– Perceptual Affordance
In this category, affordances are mainly provided by spatial mappings. For
instance, if the switches of the stovetop burners have the same spatial layout
as the burners themselves, the switches provide affordances for controlling
the burners. Examples of this type include the pictorial signs for ladies’ and
men’s restrooms.
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– Cognitive Affordance
Affordances of this type are provided by cultural conventions. For instance,
for traffic lights, red means “stop,” yellow means “prepare to stop,” and
green means “go.”

– Mixed Affordance
For instance, a mailbox, which is one of the examples used by Gibson, does
not provide the affordance of mailing letters at all for a person who has no
knowledge about postal systems. In this case, internal knowledge is involved
in constructing the affordance in a great degree.

Thus since Gibson’s introduction, affordance has been widely discussed, and
the other perspective and extensions have been added. Especially, it has been
effectively introduced to interface designs after several extensions.

3.2 Affordance, Abduction and Chance Discovery

It is important to deal with rare or novel phenomena which might lead us to
risk or opportunity. We call this type of activity as chance discovery and discuss
theories and methods to discover such chances. A chance is dedined as “a novel
or rare event/situation that can be conceived either as an opportunity or a risk in
the future” [19]. Thus it is rather difficult to discover a chance by usual statistical
strategies. We adpot abduction and analogy (Abducitve Analogical Reasoning)
to perform chance discovery [1,2]. Where chance discovery is regarded as an
explanatory reasoning for the unknown or unfamiliar observations, and a chance
is therefore defined as followings:

1. Chance is a set of unknown hypotheses. Therefore, explanation of an obser-
vation is not influenced by it. Accordingly, a possible observation that should
be explained cannot be explained. In this case, a hypotheses base or a knowl-
edge base lacks necessary hypotheses. Therefore, it is necessary to generate
missing hypotheses. Missing hypotheses are characterized as chance.

2. Chance itself is a set of known facts, but it is unknown how to use them to
explain an observation. That is, a certain set of rules is missing. Accordingly,
an observation cannot be explained by the facts. Since rules are usually
generated by inductive ways, rules that are different from the trend cannot
be generated. In this case, rules are generated by abductive methods, so
trends are not considered. Abductively generated rules are characterized as
chance.

Magnani also discussed application of abduction to chance discovery. Especially,
he pointed out “manipulative abduction happens when we are thinking through
doing and not only, in a pragmatic sense, about doing. So the idea of manip-
ulative abduction goes beyond the well-known role of experiments as capable
of forming new scientific laws by means of the results (the nature’s answers to
the investigator’s question) they present, or of merely playing a predictive role
(in confirmation and in falsification). Manipulative abduction refers to an extra-
theoretical behavior that aims at creating communicable accounts of new expe-
riences to integrate them into previously existing systems of experimental and
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linguistic (theoretical) practices. The existence of this kind of extra-theoretical
cognitive behavior is also testified by the many everyday situations in which hu-
mans are perfectly able to perform very efficacious (and habitual) tasks without
the immediate possibility of realizing their conceptual explanation” [16]. Then
he pointed out that “in dealing with the exploitation of cognitive resources and
chances embedded in the environment, the notion of affordance, originally pro-
posed by Gibson to illustrate the hybrid character of visual perception, can be
extremely relevant. [...] In order to solve various controversies on the concept
of affordance, we will take advantage of some useful insights that come from
the study on abduction. Abduction may fruitfully describe all those human and
animal hypothetical inferences that are operated through actions which consist
in smart manipulations to both detect new affordances and to create manufac-
tured external objects that offer new affordances” [17]. Thus he suggests the
application of abduction to detect affordances which can be regarded as chances
embedded in the environment.

4 Dementia Care Inspired by Affordance

It is not possible to prepare all necessary things in every places. Sometimes an
alternative or an extended usage of things will be necessary. For a proper and
an extended usage of a thing, it is necessary to present proper information of
it. At least, it is necessary to suggest such information. Sometimes it can be
presented as a memorandum or a sign. In the other case, it can be received
as hidden information inside of the thing. Actually it is not always necessary
to provide such hidden information. For a progressive and promising system, it
is not realistic to prepare all the necessary information to things. Sometimes
such information is not correct and will change in the future. For instance, it
is ridiculous to attach a sign such as “You can sit here.” to tree stumps. It is
rather realistic to suggest information about its hidden functions.

In this section we discuss how to present such hidden information in dementia
care situation. Such hidden information can be presented as certain stimuli in
such situations. Because, as shown in the previous section, even for dementia
person, if he/she receives certain stimuli, he/she sometimes achieve better per-
formance. The problem is that what type of stimulus will be better to present
and how to make it recognize. Actually such stimulus should be “afforded” by the
user. That is, it can be regarded as “affordance” in an environment. Accordingly
we introduce concept of affordance to a dementia care system. Proper affordance
might give a certain support to dementia persons understanding (meanings of)
objects. Thus affordance is a fruitful concept for recognizing objects and using
them as tools. According to Gibson’s definition, affordance is hidden in the na-
ture and it should be accepted by us naturally. For instance, if an object’s upper
side is flat and it has a certain height, the observer will be able to afford it as
something to sit, rest or sleep. Of course, the level of affordance will be change
according to observer’s acceptance ability. For a certain person a tree stump will
function as a chair, but for the other person it will not. If they are able to regard
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a tree stump as a chair, it will be necessary to provide a proper guidance to
discover an affordance as a something to sit.

For normal persons, it is not so difficult to provide such guidances. They
can also understand analogy, so that they can extend the meaning to the other
materials. For instance, after finding that a tree stump functions as a chair,
they can also understand a wooden board or box can also function as a chair.
That is, they can extend or map the meaning to the other situations. However,
for dementia persons, it is not easy to provide a proper guidance with which
they can afford the function of an object. Actually, for person who does not
have common knowledge or context, it is also not easy to provide a proper
guidance for affordance discovery. For them affordance is something rare or novel.
Accordingly, it is rather difficult to be aware of “affordance” as an afforded
matter. In therapy houses, there should be many things which are not able
to properly used by dementia persons. In the case, it is necessary to provide
certain guidances to lead the user to the correct direction to use things properly.
The simplest method will be to attach the name and usage of things. It will
functions well for normal persons. However, for impaired persons, sometimes
even such attachment will not function well. For them, it will be necessary to
apply the other strategy to suggest or instruct the meaning or usage of things.
For semantic dementia persons, it is observed that they did not achieve better
performance on a subset of affordanced objects when use of these was compared
with a familiarity-matched subset of objects lacking such affordances. Therefore,
when we design an environment for dementia persons, it is necessary to consider
such unhappy situations. It is necessary to prepare specialized affordances to
dementia person. Even if they can detect affordance, they might not understand
what it will emerge.

For affordance, according to the Gibson’s definition, an Object is observed
and affordance is detected in the environment to understand its meaning. Ac-
cordingly, the affordance situation can be logically described as follows:

F ∪ affordance |= Object (1)

F ∪ affordance �|= � (2)

The above is described based on the formalization of Theorist [20].F is so
called facts which involves fundamental knowledge in the world. The obtained
affordance is consistent with F (equation (2)) and gives life (meaning) to the
Object. Thus Object involves invisible meaning and by adopting discovered affor-
dance, potential meaning appears. Therefore, in the above formalization, mean-
ing does not appear explicitly.

However, in the above application, we would like to give a certain meaning
to the Object explicitly. Though meaning exists inside of the Object, in this
framework meaning is explicitly described. That is, meaning should be observed
and affordance functions as a type of link to Objects. When meaning is fixed,
the affordance determination situation will be logically described as follows:

Object ∪ affordance |= meaning (3)
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Object ∪ affordance �|= � (4)

That is, affordance can be regarded as a hypothesis. We can select consis-
tent affordance ((equation (4))) in the environment (hypothesis base) to explain
meaning. In addition, for understanding subset of or similar affordanced objects
(Object′), the affordance determination situation will be logically described as
follows:

Object ∪ Object′ ∪ M ∪ affordance |= meaning (5)

In fact, the above description is based on Goebel’s formalization of analogy
[12]. M is a mapping function from Object to Object′. That is, to understand
the same meaning of the subset of or similar affordanced objects, an additional
mapping function M is required. Thus if M can be determined and the usage
of Object is known, Object′ can also be understood. In fact, for normal persons,
M is easy to understand. However, for dementia persons, it is pointed out that
it is rather difficult to understand and determine M . Then the issue becomes
how to suggest a mapping function M as an additional hypothesis. For typical
analogical mapping, objects in the source domain and the target domain are
quite different. In fact, the typical analogical mapping is determined based on
conceptual structure as pointed out by Gentner [7,8,9]. For instance, if we know
about the water flow system where water flows from a place with greater pressure
to a place with less pressure, we can guess or find the heat flow system where heat
flows from a place with greater temperature to a place with less temperature.
However, for the applications shown in this paper, a mapping function will not so
complex as typical analogical mapping. For the proposed application, expected
situations are very simple. For instance, to give a hint (mapping function) of
sitting on a wooden box to dementia person who could use a tree stump as a
chair. In fact, the situation is structured, but for an application, we can only
focus on an aspect such that the upper side is flat. . This type of mapping will
be one dimensional mapping and not so confusing. Thus theoretically a mapping
function becomes simple.

The final issue is how to suggest hidden information as affordance. This type
of information is usually hidden in the environment. Thus the proposed type
of application can be discussed under the context of chance discovery. As Abe
mentioned, chance discovery can be performed by a combination of abduction
and analogy. Also as Magnani pointed out, affordnace can be performed by a cer-
tain type of abduction. In the above, the concept of affordance is also described
in the framework of Theorist that is hypothetical reasoning (limited version of
abduction). Accordingly, all procedures can be described in abduction’s frame-
work. In addition, it is happy for us that we can simplify our problems to one
dimensional mapping. Of course, in this section, for the first step, a very simple
case is discussed. For the actual usage, much more complex situation should be
considered. My assumption is that such complex situation can be transformed
to a combination of simple situations. To deal with complex situations, it is nec-
essary to develop a mechanism to transform complex situation to a combination
of simple situations such as polynomial.
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5 Conclusions

In this paper, I introduced the concept of affordance to support dementia per-
sons. Limited merits of affordance for supporting dementia persons are pointed
out by Bozeat and Hodges. In addition, after the extension of Gibson’s concept
of affordance, it is mainly applied to the interface design. Based on the concept of
affordance, I proposed a dementia person support mechanism in which functions
of things can be suggested. It is based on abduction framework and performed
under the context of chance discovery to determine affordance. In this paper, I
only described logical framework and dealt with very simple situation. In fact,
actual sisuations should be more complex. To deal with such complex situation,
additional treatments are necessary. I showed my assumption that complex situ-
ation can be transformed to a combination of simple situations and necessasity of
develop a mechanism to transform complex situation to a combination of simple
situations.
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