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Abstract. We continue our exploration of phenomena studied in the
psychology of concepts. In particular, we examine typicality within the
framework of formal concept analysis. We first briefly review some of the
psychological theories of typicality and discuss various issues related to
the goal of providing an operational account of typicality. We then pro-
pose a formalization of the notion of typicality, provide its experimental
evaluation, and discuss ramifications of our findings and topics for future
research.
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1 Motivation and our aims

Exploration of concepts and conceptual structures subsumes a number of diverse
approaches. Among them, studies conducted in the psychology of concepts have
a significant place due to the centrality of concepts in human cognition. The
psychology of concepts provides a number of interesting views and theories on
how human mind acquires and utilizes concepts and conceptual structures.

In pursuing their broad goals, psychologists identified and examined several
interesting phenomena. These are of interest not only for the domain of psy-
chology itself but, naturally, also for other theories concerned with concepts, in
particular for various formal approaches to reasoning and information processing
using concepts. Important among these phenomena is typicality: A sparrow is a
typical bird, an ostrich is not; a trout is a typical fish, an eel or a flounder is not.

Our aim in this paper is to examine typicality within the framework of formal
concept analysis (FCA). Doing so, we continue our previous effort to examine the
basic level of concepts [2,3] using FCA. In particular, our goals are the following.
We provide a formalization of a fundamental psychological account of typical-
ity within FCA. For one, the formalization allows us to approach and examine
typicality in more precise terms amenable to formal analysis. This is important
particularly in view of the fact that in the psychology of concepts, theories of
typicality are described rather informally. In addition, making a definition of typ-
icality operational via formalization lets one see various subtleties and possible
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shortcomings of an informal, verbally described definition, as well as see possible
relationships to alternative definitions and related notions.! On the other hand,
we believe that a proper extension of FCA and other information processing
methods by notions coming from the psychology of concepts may enhance the
potential of these methods. In particular, we demonstrate that typicality may
improve our understanding of the internal structure of formal concepts.

Our paper is organized as follows. In section 2, we provide an account of
typicality from the viewpoint of the psychology of concepts. Section 3 presents
our formalization of typicality within FCA. In section 4, we provide examples
and experiments involving the notion of typicality. Overall, our paper is meant to
make first steps in studying typicality in the framework of FCA. Correspondingly,
a prospect of future research is outlined in section 5.

2 Typicality in the psychology of concepts

2.1 Graded structure of concepts

Typicality emerged as a significant phenomenon in the psychology of concepts
in the mid 1970s in connection with explorations of the internal structure of
concepts (or categories, a term commonly used in that area). These studies,
most importantly by Eleanor Rosch [12,13,14], revealed fundamental limitations
of the so-called classical view of concepts. A detailed exposition of developments
in the psychological theories of concepts is provided in [11]; see also [9].

According to the classical view, a concept is determined by a set of yes/no
conditions (i.e. attributes) which are necessary and jointly sufficient, i.e. defini-
tory: An object is covered by the concept (is a member of the category, in terms
of the psychology of concepts) iff the object satisfies each of these conditions.?
The classical view does not account, at least not directly, for various phenom-
ena related to what is referred to as a graded structure of concepts. Namely,
according to this view, all members of a category have an equal status w.r.t.
the category. On the other hand, people naturally regard some members of a
category more typical than others. As research has shown, people are capable of
assigning to objects their degrees of typicality for a given category in a consistent
manner.

Another phenomenon, which had been examined in the early 1970s, that
involves degrees and is not addressed by the classical view is membership in
category itself. That is, an object may not just be a member or a non-member of
a given category, but rather a member to a certain degree in the sense of fuzzy
sets.?

Note in this connection that the literature on the psychology of concepts does
not make it very clear to which of the following two possible views a particular

! This aspect was a significant part of our work on basic level in [2,3].

2 This view has a long tradition in philosophy and logic and also underlies the notion
of a concept in formal concept analysis.

3 Note that Rosch’s studies of graded nature of categories were conducted indepen-
dently and and in about the same time as Zadeh’s studies of fuzzy sets [16].
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study of typicality subscribes; see. e.g. [11]. In the first view, membership in a
category is bivalent (i.e. classical, yes/no) and typicality represents and addi-
tional structure of a category. In the second view, membership is graded and
possibly even equivalent (or otherwise strongly correlated) to typicality. In our
formalization below we assume the former view, i.e. that categories (concepts)
are classical and that typicality represents an additional structure. Such view is
adopted, e.g., in the design of experiments in the seminal paper [13].

Note also that typicality is regarded as highly significant from a cognitive
point of view; see e.g. [1,11,13]. For one, people tend to agree on typicality
ratings. Moreover, typicality is reported to predict performance in a variety of
cognitive tasks including learning of a category, speed of deciding membership in
categories, and production of category exemplars. Typical items are also useful
in making inferences about categories and serve as so-called cognitive reference
points.

2.2 Explanations of typicality

In their seminal paper [13], Rosch and Mervis put forward a hypothesis of what
makes an object a typical in a category. This hypothesis was confirmed by a
carefully designed experiments in [13], had later been examined by numerous
other studies [11], and nowadays represents the main theoretical explanation of
typicality. This explanation forms the basis of our approach to typicality within
the framework of FCA. Rosch and Mervis [13, p. 575] describe their hypothesis
as follows:

... members of a category come to be viewed as prototypical of the cate-
gory as a whole in proportion to the extent to which they bear a family
resemblance to (have attributes that overlap those of) other members
of the category. Conversely, items viewed as most prototypical of one
category will be those with least family resemblance to or membership
in other categories.

The first part referring to resemblance (similarity) to objects of the given concept
(category) is intuitively compelling and relatively straightforward to formalize; it
is this part that we use in our approach. The second part referring to resemblance
to objects in other concepts is not so straightforward and brings some non-trivial
problems, which are also reflected in the experiments in [13], and we hence do
not consider it in what follows.*

In addition, several other possible explanations of typicality of an item have
been suggested and tested in later studies, including similarity to central ten-
dency (central tendency being e.g. the average of a numerical characteristic of an

* The problem is with the meaning of “other categories”. We shall expand on the
second part in the extended version of this paper. Note, however, that the properties
mentioned in the first part (i.e. similarity to objects of the given category, which we
use) and the second part were tested separately in [13] and that each was found
significantly correlated with typicality ratings.
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item), closeness to ideals in goal-oriented categories (ideals represent characteris-
tics that items should possess if they are to serve a goal associated to a category),
frequency of instantiation (i.e. frequency of encounter with the item as a mem-
ber of a given category), and familiarity (i.e. frequency of encounter across all
contexts); see e.g. [1,10,11] and also [7]. The explanation of [13] mentioned in the
preceding paragraph, nevertheless, appears to be the most commonly accepted.

3 Formalization of typicality within FCA framework

3.1 Preliminaries from formal concept analysis

We assume familiarity with basic notions of formal concept analysis [4,8]. In
particular, a formal context is denoted by (X,Y,I), i.e. X and Y are non-empty
sets of objects and attributes, respectively, and I C X x Y is the incidence
relation. A pair (A, B) consisting of A C X and B C Y is called a formal
concept in (X,Y,I) if and only if AT = B and BY = A where

At ={yeY| foreachz € X : (x,y) € I},
Bt={recX| foreachycY : (x,y) €I}

are the set of all attributes common to all objects in A and the set of all ob-
jects having all the attributes in B, respectively. The set of all formal concepts
of (X,Y,I) is denoted by B(X,Y,I). B(X,Y,I) equipped with a subconcept-
superconcept partial order < is the concept lattice of (X,Y, I). Here, (A, B) <
(C, D) if and only if A C C (if and only if B D D).

3.2 Our approach to typicality

As noted above, psychological explorations of typicality and other facets of the
graded structure of concepts are considered a strong argument against the above-
mentioned classical view of concepts. Since FCA may be regarded as representing
the classical view, one might argue that using FCA is not appropriate for our
purpose. In our view, this is not the case. We contend that typicality naturally
occurs even if the objects are described solely by yes/no attributes as in the basic
setting of FCA. Moreover, the seminal psychological experiments on typicality
mentioned above are based on objects described by yes/no attributes.

Let (A,B) € B(X,Y,I) be a formal concept in a given formal context
(X,Y,I). In accordance with section 2.2, we intend to regard an object z typical
for the given concept (A, B) to the extent to which it is similar to the objects of
the concept. A straightforward way is to assume a function

sim: X x X —[0,1] (1)

assigning to every two objects x1,z2 € X a number sim(z1,22) € [0,1] that
may be interpreted as a degree to which 7 and x5 are similar (we come back to
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such functions below). Similarity of x to the objects z; € A may naturally be
interpreted as the average similarity.’

Definition 1. Given a similarity (1), a degree of typicality of object x € A in
a formal concept (A, B) € B(X,Y,I) with A # ( is defined by

(e, (A, B)) = 2=niea A’f(“ (2)

Remark 1. (a) Admittedly, our approach is restrictive. One might, for instance,
consider formula (2) for x not necessarily in A, or consider the notion of typicality
of a subconcept, rather than an object, in a given concept. We proceed with our
definition for simplicity.

(b) Typicality degrees provide additional information about a concept (A, B).
Namely, they reveal a certain graded structure of the concept (A, B). Such a
structure has a cognitive significance and may be further utilized. Notice that
since typ(x, (A, B)) € [0,1] due to sim(X, X) C [0, 1], the mapping ¢t : A — [0, 1]
defined by t(z) = typ(x, (A, B)) may be regarded as a fuzzy set [16] of objects
typical of (A, B).

(c) We add subscripts, e.g. typg,,,, to make apparent the connection of the
typicality and similarity in question.

As regards the choice of the similarity function (1), it seems natural to derive
sim(x1, z2) from the sets {z;}" and {x5}" (note that {x}T is the set of attributes
possessed by z). Hence we assume

sim(zy, o) = simy ({x1}T, {x2}7), (3)

where simy, which we also denote just by sim, is a function assigning to any
subsets By and By of Y a degree simy (B, B2) € [0, 1] interpreted as similarity
of By and By. Two particular functions serving this purpose, which we use in our
experiments, are the well-known Jaccard index, simj, and the simple matching
coefficient, simgnic, defined by

. BiNB
SZmJ(Bl,BQ) = IBiUBi: and (4)

) BiNBy|+ 1Y — (B UB
SZmSMC(BlaBQ):| ! 2 |y| (By 2)|, (5)

respectively; see e.g.[6]. Note that simj is the number of attributes that belong to
both B; and Bs divided by the number of all attributes that belong to By or Bs;
simgmc is the number of attributes on which By and Bs agree (either y € By and

5 Average similarity is mentioned in some psychological studies; see e.g. [1, p. 630].
Note that we also tried minimum instead of average, as it represents the best lower
similarity-threshold. Average, nevertheless, yielded more intuitive results. We use
[0,1] for the range (i.e. similarity is scaled), but R" is also a natural option (non-
scaled).
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y € By, or y & By and y ¢ Bs) divided by the number of all attributes. That is,
while simgnc treats both presence and non-presence of attributes symmetrically,
simy disregards non-presence. This is the main conceptual difference between
stmy and simgyc.

The choice of the similarity simy is in a sense crucial and, obviously, several
other options different from simj and simgymc are possible. In the rest of this
section, we naturally come to a third similarity, which we consider in this paper.

Formula (2) for typicality derives in a straightforward (and we contend that
the most direct) way from the verbal description of Rosch and Mervis’s hy-
pothesis quoted in section 2.2. Interestingly, in their experiments to test the
hypothesis, Rosch and Mervis [13] use a different formula for typicality of an
object. Strangely, this formula does not bear a direct connection to similarity of
objects, which is crucial in the hypothesis. The formula is described in [13] as
follows. Given a concept, one assigns to every attribute its weight, namely the
number of all objects of the concept that possess the attribute. A typicality of
a given object in the concept is then the sum of the weights of all the attributes
possessed by the object.

This definition translates to the FCA framework as follows. For a given
(A,B) € B(X,Y,I) and y € Y, put w(y,(4,B)) = [{v € A | z € {y}}]
(weight) and let for z € A,

typrm (@, (A, B)) = ZyE{z}T w(y, (4, B)).

The following theorem shows that in fact, Rosch and Mervis’s formula for typi-
cality may be regarded as resulting from a particular case of our scheme (2) by
a simple scaling; the proof is done by a direct verification given the definitions

of typry and typ -

_ =) 'n{ea)|
V]

Theorem 1. For the function simym(x1,22) we have

typrm (T, <AvB>) = |A| ) |Y| YDy (T, <A7‘B>)

where typ,., (z, (4, B)) is determined by simyy, according to (2).

4 Experiments

We performed experiments with several data and present our results for the
ZOO dataset [5] because its objects are commonly known and its concepts are,
by and large, well interpretable. ZOO describes 101 animals (objects; we kept all,
including the somewhat disputable “gir]”; we renamed the one of the two objects
denoted “frog” to “frog venomous”) by their 17 attributes. All of the attributes
are yes/no attributes except for the attribute describing the number of legs,
which we nominally scaled, and an attribute determining the type of animal,
which we removed. The resulting formal context is presented in Appendix (to
save space, objects with the same attributes are put on the same row).
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Our main purpose was to assess whether the typicalities computed by our
formulas described above are intuitively sound, i.e. whether the objects with
high typicality values for the examined concepts are those we ourselves would
intuitively consider typical.®

We first selected a collection of concepts on which we examined typicality.
We made a selection from formal concepts with high basic level indices [3] be-
cause these tend to be easily understood by humans. In what follows, we present
three such concepts, which may verbally be described as “bird,” “fish,” and
“mammal.”

Table 1 presents the concept “bird” (rows represent all the objects in the
extent; columns include all the attributes possessed by at least one object in the
extent) along with the typicality ratings by the three functions typy, typgmcs

and typryv-

n o 5 2 o« 2

g : g % 2 £ % S < 2

£ x 8 g - X - £ % u - @ @

c 0 = o O = = oo I & &

S¥ITFTLEEES L S g =
lark || X X X X X X X ||0.8390 | 0.9333 | 0.3238
pheasant || X X X X X X X ||0.8390 | 0.9333 | 0.3238
sparrow || X X X X X X X ||0.8390 | 0.9333 | 0.3238
wren || X X X X X X X {10.8390 [ 0.9333 | 0.3238
crow || X X X X X X X X ||0.8332(0.9286 | 0.3452
hawk || x X X X X X X X 11 0.8332] 0.9286 | 0.3452
flamingo || x X X X X X x % [10.8032)0.9143| 0.3381
duck || x x x X X X X X {1 0.8028 [ 0.9143 | 0.3381
gull|| X X X X X X X X x {1 0.8028 [ 0.9095 | 0.3595
skimmer || Xx X X X X X X X X 11 0.8028 | 0.9095 | 0.3595
skua|lx X X X X X X X X ||0.8028 | 0.9095 | 0.3595
vulture || X X X X X X X X % {/0.8011 [0.9095 | 0.3595
chicken || x X X X X X X X 110.7795] 0.9000 | 0.3310
dove || X X X X X X X X 110.7795] 0.9000 | 0.3310
parakeet || X X X X X X X X ||0.7795 | 0.9000 | 0.3310
swan || X X X X X X X X X (10.7733 1 0.8952 | 0.3524
kiwi || X X X X X X X 110.7599 | 0.9000 | 0.3071
rhea || X X X X X X X x ||0.7364 | 0.8810 | 0.3214
ostrich || x X X X X X X [10.7317|0.8857 | 0.3000
penguin || X X X X X X X X % [/0.7140|0.8619 | 0.3357

Table 1. Formal concept “bird” along with typicality ratings of its objects.

5 Note in this connection that, as in our previous studies involving basic level [2,3], we
observed that in order to obtain intuitively plausible results, the data needs to be of
reasonable quality. Most importantly, it needs to contain attributes people naturally
regard when determining typicality.
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The table is ordered by the values of typ; in a descending order (and alpha-
betically where ties occur). Therefore, typ; tells us that lark is one of the five
most typical birds while penguin is the least typical. In our culture, one would
probably move pheasant and flamingo to lower ranks. However, from the view-
point of the attributes present in the dataset, pheasant is indistinguishable from
lark and flamingo is very similar to lark.” Taking this into account we regard
the values of typ; intuitively plausible.

Similar conclusions may be drawn for “fish” (table 2) and “mammal” (ta-
ble 3). Strictly speaking, the concept in table 2, which defined by attributes
“aquatic” and “legs 0,” does not correspond to fish according to the present
biological standards, since it contains sea snake (snake), seal (mammal), and sea
wasp (jellyfish). We use “fish” for simplicity.®

iEEEE LT b B

1 EEE RN

=¥ 8 A 28888082 2 2
bass X X X X X X X X ||0.8196 | 0.9153 | 0.3439
catfish X X X X X X X X 110.8196 | 0.9153| 0.3439
chub X X X X X X X X 110.8196 | 0.9153| 0.3439
herring X X X X X X X x || 0.8196 | 0.9153 | 0.3439
piranha X X X X X X X X ||0.8196 | 0.9153 | 0.3439
dogfish X X X X X X X X x || 0.8009 | 0.9048 | 0.3624
pike X X X X X X X X X [/ 0.8009 | 0.9048 | 0.3624
tuna X X X X X X X X X [/ 0.8009 | 0.9048 | 0.3624
haddock X X X X X X X || 0.7600 | 0.8889 | 0.3069
seahorse X X X X X X X {1 0.7600 | 0.8889 | 0.3069
sole X X X X X X X 11 0.7600 | 0.8889 | 0.3069
stingray X X X X X X X X X % ([ 0.7505 | 0.8730 | 0.3704
carp X X X X X X X X ||0.6908 | 0.8466 | 0.3095
dolphin X X X X X X X X X x|/ 0.6545|0.8148 | 0.3413
porpoise X X X X X X X X X % ||0.6545|0.8148 | 0.3413
sea snake X X X X X X x {1 0.6115 [ 0.8201 | 0.2725
seal || X X X X X X X X X x|/ 0.5403 | 0.7354 | 0.3016
sea wasp X X X X X 110.4151|0.7249| 0.1772

Table 2. Formal concept “fish” along with typicality ratings of its objects.

7 A way to resolve this situation and to obtain more appropriate values of typicality
is to add further, distinctive attributes, which we did; details shall be reported in an
extended version of this paper.

8 Interestingly, this would be correct according to a 16th century classification; see
C. P. Hickman, Jr., L. S. Roberts, A. L. Larson, Integrated Principles of Zoology.
McGraw-Hill, 2001.
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boar || x X X X X X X X % |1 0.8175]0.9094 | 0.3740
cheetah || x X X X X X X X X 11 0.8175]0.9094 | 0.3740
leopard || x X X X X X X X X ||0.8175{0.9094 | 0.3740
lion || x X X X X X X X x || 0.8175(0.9094 | 0.3740
lynx || x X X X X X X X x || 0.8175{0.9094 | 0.3740
mongoose || X X X X X X X X x ||0.8175(0.9094 | 0.3740
polecat || x X X X X X X X X ||0.8175{0.9094 | 0.3740
puma || X X X X X X X X x 11 0.8175]0.9094 | 0.3740
raccoon || X X X X X X X X % |1 0.8175]0.9094 | 0.3740
wolf || x X X X X X X X X 11 0.8175]0.9094 | 0.3740
antelope || X X X X X X X X 11 0.8031 | 0.9059 | 0.3484
buffalo || x X X X X X X x |10.8031 | 0.9059 | 0.3484
deer || x X X X X X X % {1 0.8031 | 0.9059 | 0.3484
elephant || x X X X X X X X ||0.8031 | 0.9059 | 0.3484
giraffe || x X X X X X X X |10.8031 | 0.9059 | 0.3484
oryx || x X X X X X X % 11 0.8031 | 0.9059 | 0.3484
pussycat || X X X X X X X X X x || 0.7724 | 0.8804 | 0.3833
mink || X X X X X X X X X X 110.7607 | 0.8757| 0.3810
calf || x X X X X X X X % 11 0.7589 | 0.8769 | 0.3577
goat || X X X X X X X X x ||0.7589 | 0.8769 | 0.3577
pony || X X X X X X X X % |1 0.7589 | 0.8769 | 0.3577
reindeer || X X X X X X X X X 11 0.7589 | 0.8769 | 0.3577
mole || X X X X X X X X || 0.7546 | 0.8827 | 0.3368
opossum || X X X X X X X X 11 0.7546 | 0.8827 | 0.3368
aardvark || x X X X X X X % |1 0.7401 | 0.8757 | 0.3333
bear || X X X X X X X X 110.7401 | 0.8757| 0.3333
hare || x X X X X X X ||0.7391 | 0.8792 | 0.3113
vole || X X X X X X x ||0.7391 | 0.8792 | 0.3113
hamster || x X X X X X X % 11 0.6992 | 0.8502 | 0.3206
wallaby || x X X X X X X X 0.6904 | 0.8502 | 0.3206
squirrel || x X X X X X X 0.6299 | 0.8235 | 0.2834
sea lion || x X X X X X X X X X X 0.6235|0.7816 | 0.3577
cavy || X X X X X X % |1 0.6206 | 0.8165 | 0.2799
platypus || x x x X X X X X X x |10.6160 | 0.7851 | 0.3357
gorilla || X X X X X X X 0.6136 | 0.8165| 0.2799
girl || X X X X X X X X X 0.6059 | 0.7909 | 0.3148
fruitbat || x X X X X X X X 0.5796 | 0.7805 | 0.2857
vampire || X X X X X X X X 0.5796 | 0.7805 | 0.2857
seal || X X X X X X X X X X 0.5495 | 0.7387 | 0.3124
dolphin X X X X X X X X X X 0.5386 | 0.7294 | 0.3078
porpoise X X X X X X X X X X 0.5386 | 0.7294 | 0.3078

Table 3. Formal concept “mammal” along with typicality ratings of its objects.
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As regards the other typicality functions, typgye and typry, & natural gen-
eral question arises: To what extent do two possible typicality functions deter-
mine similar ordering by typicality. To explore this topic in a greater detail,
we computed the well-known Kendall tau rank correlation coefficients.” The
correlation between typ; and typgye for the three concepts is 0.95 (“birds”),
0.97 (“fish”), and 0.90 (“mammal”); between typ; and typgy; is 0.06 (“birds”),
0.44 (“fish”), and 0.70 (“mammal”); and between typgyc and typry is 0.01
(“birds”), 0.41 (“fish”), and 0.60 (“mammal”). We also computed the average of
Kendall tau coefficients over all the concepts in the ZOO dataset with at least
two objects, and obtained 0.89 for typ; and typgyc, 0.38 for typ; and typrwm,
and 0.28 for typgyc and typryr- These relationships shall be examined further.
In particular, typ;—which in our view yields most plausible rankings—seems to
be not very strongly correlated with Rosch and Mervis’s typgp-

We also examined typicality in some upper and lower neighbors of the three
basic level concepts, because these play a significant role in the psychological
experiments regarding typicality (so-called superordinate and subordinate cat-
egories). The results are in accordance with psychological findings in that the
average typicalities for superordinate categories are smaller while those for sub-
ordinate categories are higher. For instance, while the average value of typ; is
0.79 for “birds,” the average for the lower neighbor of “birds” determined by the
additional attribute “airborne” is 0.84, and the average for the upper neighbor
determined by the attributes “eggs,” “backbone,” “breathes,” and “tail” is 0.65.

Let us also note that our experiments resulted a number of observations
relevant not only to typicality, but also to the phenomena of basic level and
cohesion, and shall be reported in future.

5 Further topics

Our main aim in this paper is to open examination of typicality within the
context of formal concept analysis. Due to limited scope, we restricted to in-
troducing the problem, our approach, and basic findings including experimental
demonstration. Major topics to be explored further are the following;:

— Datasets. As mentioned above, experimental evaluation regarding psycholog-
ical phenomena such as typicality and basic level requires quality datasets
that make it sensible to compare to what extent results of formal meth-
ods (e.g. methods computing typicality) agree with results obtained by hu-
mans (e.g. typicality ratings). We intend to prepare a collection of suitable
datasets, which shall include both data taken from public repositories as well
as data obtained from humans by means of methods inspired by experiments
in the psychology of concepts.

9 These measure ordinal association between two quantities, i.e. between two typi-
calities in our case. The coefficient ranges from 1 (same ranking) to —1 (opposite
ranking). We used tau-b to account for ties in typicality values and used the Python
library [15].
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— Ezxperiments involving human judgment. So far, we have assessed our meth-
ods of computing typicality by our own intuition. We plan to move from the
question “Do the typicality ratings provided by the explored formal meth-
ods seem reasonable to us?” to “Do the ratings provided by formal methods
correspond to how humans perceive typicality?” To do so, we plan to design
proper experiments, again inspired by procedures used in the psychology of
concepts.

— Since the similarity function sim plays a crucial role in our approach, further
explorations, both theoretical and experimental, regarding the properties and
effect of various similarity functions are of utmost importance. Interestingly,
all the three similarity functions considered above may be shown to be three
particular cases of a parameterizable family of similarity functions which we
started to explore. The question of which similarity is the best one is not
likely to be resolved; nevertheless, questions of this sort need to be asked.

— As shown above, the original Rosch and Mervis’s formula for typicality may
be regarded as resulting from a particular case of our scheme (2) by a simple
scaling. We obtained preliminary results regarding the converse question of
whether our typicality formulas may be derived from a particular case of the
general scheme behind Rosch and Mervis’s formula.

— Typicality of attributes seems just a dual case of typicality of objects. From
a psychological point of view, however, typicality of attributes has a rather
different role; see e.g. [11]. Methods to determine typicality of attributes
shall thus be explored.

— In a sense, we considered typicality of objects per se. Connections both to
the psychology of concepts (e.g. examination of psychological facets of the
above-mentioned role of similarity functions) and data science (e.g. possible
utilization of typicality in various data analytic and machine learning tasks)
should be explored.

— Formalization of further psychological explanations of typicality, some of
which are mentioned in section 2.2.

— Relationship other psychological phenomena. It comes as no surprise that
typicality may be used to define related phenomena, such as the basic level
of concepts and concept cohesion. Such relationships shall be analyzed.

— Explorations of typicality in a broader context of clustering of binary (i.e.
yes/no) and more general data. This is significant from a data analytic
viewpoint, but also from a psychological viewpoint. Namely, it is repeat-
edly argued in various of the above-mentioned studies that the concepts on
which typicality has been explored do not have a set of definitory attributes,
as assumed by the classical view. More often than not, those concepts are
rather assumed to be “held together” by family resemblance.
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