ISSN 2278-7690

MATHEMATICAL MODELLING OF CONSUMER CHOICE IN FASHION:

POTENTIAL STUDENT PROJECTS

Anthony G Shannon
Faculty of Engineering & IT, University of Technology, Sydney, NSW 2007,
&
Campion College, PO Box 3052, Toongabbie East, NSW 2146, Australia
Anthony.Shannon@uts.edu.au, t.shannon@campion.edu.au
ABSTRACT:

This paper suggests an unusual theme for undergraduate student projects. The future is now. Repackaging the past has
historical value but it is not a preparation for the range and scope of the internet as a vast copying machine which can not
only detect purchasing patterns but can adjust bargain prices to fit the buyer’s calculated financial power and target them
through intermediary subsidiaries in a universal online market. Quantitative techniques can now penetrate disciplines
which once eschewed them. This paper looks at three such approaches in the context of consumer choice in fashion.
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INTRODUCTION

Mathematical modeling can is now applied in many areas that affect everyday lives [e.g.,19]. In an era of labour-saving
device and information-overload, how come we seem to have fewer free hours and less disposable income [13]? Could it
be that we are victims of the meta-servers which can not only extract data from our emails [14], but which can also target
us with ‘bargains’ focused on our spending history and vulnerability [3]? Should the professional development of our
students prepare them more for how digital systems both gather and repackage data?

Quantitative techniques now penetrate disciplines which once eschewed them. This paper looks at one such model in the
context of consumer choice in fashion. “Will she ever wear the same dress twice as an adult? Will she recycle clothes into
new objects, or wash them as we do today: At some point in her life | suspect laundry will become obsolete” [16].

What follows is an extension and slight modification of the models proposed by Miller et al [15], Groeber et al [11], and
Temponi et al [20], who have developed mathematical models of the theoretical framework of consumer choice and social
influence. Individual attraction and aversion for fashions are integrated into a societal-level model expressed in difference
and differential equations with clear assumptions. This does not pretend for a moment to get into hypertext and networked
media, but it is a pointer to the new numeracy. It is appropriate at a time when people with much formal education can be
found who boast about little mathematics they know and who are repelled by symbols instead of realising that they are a
tool of thought [12].

BACKGROUND

For many years now design software has made it possible to order clothes online [1]. Whether one would want to is a
separate vexed issue [7]. The model expounded here builds on the fashion decision process of an individual. It is
assumed, for instance, that this process is unidirectional. This is done for ease of exposition, though it is recognised that
this process can become quite sophisticated [18].

An individual forms an impression of which style in a given range is attractive (or appropriate) for them and which is
repulsive (or inappropriate) for them for his or her self-identity in a given place at a given time. We can use symbols as a
short-hand device to represent the individuals in our sample so that the adoption of a style by an individual i at time t can
be represented by xit, so that if we have 5 individuals under consideration then their opinion profile is
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which can be transposed for later notational convenience into the form

T y 2.2
_é vl (2:2)
Xe=x X Xopn Xzp Xgp X5, 0
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to represent the adoptions of style by the 5 members of our sample. More generally, for any number of individuals, n, (2.2)
can be re-written as

- _ K 2.3)
_é o (
Xt ) X1 X v Xy 0

For instance, consumer 3 in period 10 may select a style of tie with width a 75 mm as his ‘utility-maximising style’, so that
in this case we could represent this as x3 10 = 75 (mm). For the (metric) opinion space X, the (Euclidean) distance function

d: X x X — Rhas the usual properties, namely,
o d(X,y) =0 < X = y(iff the opinions are equal in some sense);
o d(X,y)=d(y,X) (the order of the opinions is immaterial);
e d(XY)<d(x,2z)+d(z,Y) when there are three opinions to relate).

Distance is related to opinion forming in a cultural environment where there is a level of discomfort sensed because of
different opinions. The dissonance of person i at time t with opinion x;; depends on opinion differences with others in i’'s

set. Thus the size of the dissonance of persons i and j at time t can be represented by f _1(d (Xi’t ) vat ))in which the

negative superscript indicates that this function is intended to be minimised [9]. This magnitude may depend on the weight,
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wij, of the relation between i and j so that the total dissonance function of person i at time t in this set can be represented

by
u;’[l(xl,t 1 Xp g Xn,t): Zwij f 7l(d (Xi,t 1 Xt )) @4

jeX

if it is additively separable. At this stage we are merely attempting to see notation as a convenient tool of thought [12].
There are various models of opinion formation of fashion consensus to which the interested reader can refer [10]; we shall
consider one such [15].

SETTING UP A MODEL

It is assumed that individual i in time period t can estimate which styles he or she finds attractive, a;;, and which repulsive,
rit. For instance, individual 3 might be attracted to xi11 and x2,1, with the former twice as attractive as the latter in time
period 1. People are often more willing to be forced to choose two or three preferences rather than forced to rank five or
more. This can be represented as

_2 1
as,z -3 X1,1 +3 Xz,l
1
5(2)(1,1 + Xz,l)

:[% % 00 O][Xl,l Xon X1 X411 Xgy

Similarly, this person might find the styles of x4 and xs equally repulsive in the same time period, so that
I3, = % X41 +% X5 1
= % (X4,1 + Xs,l)
a [O 00 % %][Xu Xo1 X1 %44 Xs,l]r'
All 5 consumers in our samples at all 5 time periods might then be represented as in Figures 1 and 2in which the columns

represent time periods, t, and the rows represent individual consumers, i. In Table 1, the fractions have been related to 12
and in Table 2 to 10. (The former has more factors, but people are generally more comfortable with the latter.)

Table 1. Attractions Table 2. Repulsions
A 1 2 3 4 5 R 1 2 3 4 5
1 0 8 4 0 0 1 0 3 0 4 3
2 2 0 8 0 2 2 6 0 0 4 0
3 0 2 0 10 0 3 0 5 0 0 5
4 0 2 0 0 10 4 3 0 5 0 2
5 10 0 0 2 0 5 1 2 5 2 0

Mathematically, they can be expressed as column vectors:

L g .
ac=la, a ., aJadr=gn, B, oo on, f

and matrices
A =[8y.d5 . dy] aNd B = [Fp.Fa o Tl

exemplified in our hypothetical case from Tables 1 and 2 by Table 3 in which the integers in the cells have been converted
to decimals as explained above.
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Table 3. Matrix expressions of Tables 1 and 2

[0 2 1 0 0] [0 03 0 04 03]
102014 06 0 0 04 O
A=/0 £ 0 8 0|, R={0 05 0 0 05
01003 03 0 05 0 02
20010 101 02 05 02 0

The row and column sums equal unity. This is not essential but although it makes comparisons more obvious, it neglects
the influence of a given individual on the fashions of the time in a given society [11] — given by the row sums. Doing this for
a small number of participants is much less difficult than a Sudoku puzzle; for large numbers a spreadsheet can be used
for this and for later calculations [2]. The matrices A and B contain the relative weights: quantifications of relative
attraction or disdain.

We now introduce some parameters to further quantify and clarify the concerns of consumer i
e C,,for appropriateness (for self-identity),
e ¢, for inappropriateness (for self-identity),
e ., for change from one period to another,

so that we can produce an additively separable quadratic function for ‘utility’ as seen by this consumer i. In this we take
squared differences, because if linear differences were used a large negative difference might merely cancel out a large
positive difference so that the sum would not reflect i’s utility function which we aim to maximise. We also introduce a
constant of proportionality for each consumer, U;, which could be found when actual numbers are inserted. The utility sum
for consumer i is then

UiXi,t =—C,i (Xi,t —a, )2 +C,; (Xi't — Iy )2 —C; (Xi't ~Xiyt_l)2, (3.1)

The conditions for utility maximisation are found when the first derivative is zero and the corresponding second derivative
is negative; that is,

d
b Ui, = _Z(Ca,i (Xi,t 2 ai,t)_ Cri (Xi,t i ri,t)+ Cc,i(xi,t s Xi,t—l))z 0 3.2
it

and
2

d
—— | UX,=-2lc,. —C..+cC..)<0. 3.3
dxi’t 170,t (a,l r, C,I) ( )

That is, the utility maximising style xi; for individual i in time period t is

X = Ca,ia'i,t _Cr,iri,t +Cc,ixi,t—1

it 3.4
Ca,i _Cr,i +Cc,i (3.4)

fori =1,2,...,n. For all n individuals at the same time

INTUITIONISTIC FUZZY MODELLING

It is recognised that there can be significant feedback among the steps outlined above, so that the scheme could be
enhanced with generalized nets [4], particularly if they incorporate intuitionistic fuzzy logic and vary the nature of the
opinion space [5,6,15] in which feedback operates through attraction and repulsion of former styles as well as current
fashions. There is also the related, but separate factor, of how the styles of one country influence the styles in another
country (positively or negatively). An outline of key steps in this approach now follow [16].

Let E be a fixed set. An intuitionistic fuzzy set (IFS) A in E is an object of the following form

A= {<X’ Ha (X)! UA(X)> |x e E}, (4.1)
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in which the functions 2, : E —[01],0, : E — [0,1] respectively define the degree of membership and the degree of

non-membership of the element X € E , and forevery X € E :
0< u,(X)+ov,(x) <1 (4.2)

For every two IFSs A and B many logical operations, relations and operators have been defined [5]. For the universe E let
the figure F be given in the Euclidean plane and with Cartesian coordinates (Figure 1).

(0,0) (1,0)

Fig. 1.

LetAc Ebe a fixed set so that we can construct a functon f,:E —>F such that if Xe€E, then

p= f,(x) € F,and the point p has coordinates <a,b> for which & = z£, (X), and b =uv,(X). We then introduce
operators C and | with geometrical interpretations given in Figures 2 and 3 respectively.

(0,1)

(1,0)

s
fewy(1) = ... = foay(zs)
Fig 2.

(0,0)
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(0,1)

fray(z1) = ... = fray(es)

(0,0) (1,0)
Fig 3.
We can use the operators C and | to construct an area in each interpretational triangle. This area will contain all points
which are interpretations of the given IFS A. We define a weight operator W, the weight-centre of these points. This

becomes a criterion for the correctness (validity) of the elements of A [17]. In a simplified model the various criteria can be
reduced to two possibilities, namely:

o if the point W(A) is nearly to the left upper sides of the area, then a larger number of elements of the IFS A have
‘bad’ values for their choice, but

o if the point W(A) is nearly to the right lower sides of the area, then a larger number of elements of the IFS A have
‘good’ values for their choice.

CONCLUDING COMMENTS

Those who wish for an explanation of the historical framework for understanding the fashion process should read [11] and
follow some of its references. For insights into fashion media in general, and fashion blogging in particular, see [8,9]. Here
we have merely outlined some of the issues in consumer choice in fashion, where an individual's fashion choices are
associated with self-identity, attraction to esteemed groups, desire to be distanced from perceived repulsive styles, and
attitude towards change.
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