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Abstract: In recent decades, pathological consumption has become a growing behavioral
misbehavior. Impulsive consumption is governed by two internal behavioral mechanisms
that respond fundamentally to the hedonism or Pascal effect, and to the emulation or
Veblen effect. Today’s development of technology acts as a catalyst of consumption by
increasing access and availability to products, as well as the advertisement impact. This
paper presents a compartmental discrete matrix mathematical model that allows short-
term estimates of ordinary, impulsive and pathological buyers in Spain in three different
economic scenarios. The results show that impulsive and pathological buyers will
increase in all the economic scenarios. Notable differences in the number of ordinary
buyers are found for the group aged over 65 years.
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1. Introduction

The 21st century is the era of addictions. Western consumer societies are characterized
by values of freedom, autonomy and choice associated with the emergence and spread of
consumerism [1]. However in the opposite direction to these liberal values we find that
the consumption desire in current societies can become a need when individuals lose
control and autonomy, and accordingly lack choice. Then comes a rise in the so-called
‘addictive’ behaviors [2].

Apart from classic addictions linked to substance abuse of alcohol or drugs, many others
have emerged in recent years: addiction to technology, social media, mobile phone, video
games, Internet, online gambling, etc. [3].

Furthermore, technology itself is a vehicle that multiplies the magnitude of these
addictions. An addiction such as “addictive consumption” has been hidden given its social
acceptance and marketing. Thus shopping is encouraged because it accelerates the
economic growth of market economy countries, but is also known as “retail therapy” and
prescribes to abate negative emotions [4].

We understand shopping as the process of seeking products that you did not know you
wanted [5]; when desire becomes an uncontrolled need, compulsive behavior emerges.
Then shopping becomes an oniomania.

Shopping might be motivated by several emotional inputs, such as satisfaction (Pascal
effect), self-esteem improvement [6,7,8], prestige (Veblen effect), emotional recovery
(snob effect) and social contagion (bandwagon effect) [9].

Thus consumer behavior is hedonistic when explained by the self-satisfaction
experienced when shopping, in addition to the pleasure that derives from the product’s
attributes [10, 11, 12]. There is a second type of consumption, the conspicuous one. It is
explained by those consumers who emulate upper classes by purchasing similar products
[13, 14].

It is understood that human behavior is dynamic, which means individuals’ habits and
characteristics can modify over time to cover different factors that are driven especially
by our emotions instead of by reason [15]. In addition, individual human behavior shows
common patterns, which means that it can be predictable in aggregate terms [16] given
its mimetic component [17]. Thus individuals imitate their peers by looking to emulate
them, but also influence others’ behavior (contagion effect) [17, 18, 19, 20]. These
principles, which come from philosophy, sociology, psychology and neurology, allow us
to split the population into compartments by preserving homogeneity. Yet despite free
will, populations are subject to dynamic changes due to emotional impact, the economy,
age, social emulation, technology, or a combination of all these factors to consumers’
behavior. For sake of reliability, the study period should not be long because economy
and demography are time-sensitive.

The primary goal of this work is to study the aggregate patterns of consumers’ behavior
by identifying and quantifying the factors that explain it. For this purpose, we provide a
dynamic population model to explain shopping behavior by supporting the view of [21].

The proposed compartment model [22] classifies and quantifies shopper populations into
Spain into three groups: rational consumers or consumers who plan their shopping;



impulsive consumers who overconsume; pathological consumers who show compulsive
shopping behavior.

This paper may be regarded as an important improvement to [23], where a compartment
discrete mathematical model was developed for the first time. However in this previous
work, shoppers’ age (the second compartment indicator here) [24] or important factors
that accelerate shopping such as e-commerce, [25], and the Pascal and Veblen effects
were not considered [26], but others like religiosity proved capable of braking unplanned
shopping [27].

Shopping power varies with age [28] and is a relevant variable to explain shopping
behavior not only because of the economic influence (young people have less income
available), but also because of the bandwagon effect as youths show a higher contagion
propensity when attempting to emulate their icons [29, 30, 31].

The approach employed herein has been recently considered when dealing with other
social problems [32] by following the thinking of Michael Faraday: what is not measured
is not controlled and cannot be improved [33].

For the first time, we develop a behavioral mathematical bilateral matrix difference model
to model consumers’ behavioral dynamics to estimate the short-term evolution of
different consumer subpopulations by age groups under different economic scenarios.
Total impulsive and pathological buyers will increase in all the economic scenarios with
differences between age groups, especially in the number of ordinary buyers found for
the group over 65 years.

The paper is organized as follows: Section 2 introduces the algebraic preliminaries.
Section 3 provides details of the hypotheses. Section 4 introduce the parameters definition
and the quantification of transit coefficients. Section 5 deals with the model building, the
mathematical formulation in terms of a linear bilateral matrix difference equations.
Section 5 shows that by considering the matrix unknown W (t) of the different
subpopulations, dynamic change can be written as a dynamic model W(t+ 1)) =
f(W(t)). This equation is explicitly solved and the initial value condition W (0) is
computed. Section 6 provides the results and the simulations of the model with a variety
of sensitive parameters. Section 7 includes the study conclusions.

2. Algebraic Preliminaries

For sake of clarity to present the paper, we recall some notations and results of the matrix
calculus related to the Kronecker product of matrices, which are used later. If A is a matrix
in R™™ and B is a matrix in RP*9, then the Kronecker product of A and B, denoted
by A®B, is the block matrix in R™P*™4 defined by [34a],

allB alzB i alnB
A®B:( s s ; ) (1)
amB amB - amnB

If A € R™ ™, then the operation column vector denoted by vec: R™*™ — R™™ and acting
in A gives the vector in the R™" listing and orders the columns of 4, as follows:



vec(4) = : € R™"

If A,Y, B are matrices in R™ ™ R™*P and RP*4, respectively, by [34b] we find that:
vc(AYB) = (BT®A) vec Y (2)
where BT denotes the transposed matrix of B.

If {4;} and {x;} are the eigenvalues, and the corresponding eigenvectors for A and {u;}
and {y;} are the eigenvalues and the corresponding eigenvectors for B, then

A®B

has eigenvalues {Aiy j} with corresponding eigenvectors {x;®y;}; see [34c].

3. Literature review, definition of subpopulations and hypotheses development

We go on to define the three possible consumer subpopulations (N ,S ,A ) based on
their emotional dependence on shopping.

On the one hand, ordinary consumers (N ) are defined as those shoppers who follow a
rational and planned purchase behavior. According to today’s consumption culture, we
assume that only those consumers forced by beliefs or economic needs will form part of
this subpopulation. Thus devoted religious people (religious practitioners attending
religious meetings once a week or more often) [27], people at risk of poverty (according
to the poverty risk rate), the long-term unemployed, but also 50% of the retired
population, are assumed to be rational buyers, [35].

On the other hand, impulsive consumers (S ) are those who spontaneously and
immediately lose control of shopping when their desire for a specific item outweighs their
willpower to resist it [36, 37, 38], which is mostly driven externally (e.g. advertisement).
Finally, pathological consumers (A ) are identified as being the top disordered
consumers, characterized by not only inappropriate buying behavior driven by internal
needs, but also by repetitive problematic spending patterns that interfere with social, work
or role functioning [36, 39, 40]. Investigation tools have been developed to diagnose the
problem, such as interviews [41] and questionnaires [42, 43].

In order to construct a mathematical model and to estimate the transition coefficients,
some hypotheses (H) need to be set out.

H1: Overconsumption is driven mainly by the Veblen and Pascal factors.

The Veblen effect [19], also known as conspicuous consumption, is an externally social-
driven consumption with which consumers emulate upper classes through their purchases
[13, 14, 44, 45, 46].



The Pascal effect [10], or hedonistic consumption, is characterized by a more internal
projection by which the consumer is self-satisfied thanks to the act of consuming or the
pleasures derived from the product [11, 12, 47, 48, 49]. Both effects are assumed to be
universal and independent of a buyer’s age and gender.

The factor that drives consumption depends on the specific characteristics of the
consumer and his/her environment. Luxury products are a particular case of hedonistic
and conspicuous consumption as products from the luxury industry become experiential.
This experience is both individual and social [50] as it provides a hedonistic value and
builds a social status around its differentiation.

H2: “One jump principle” is based on the fact that humans are creatures of habits and
behavior changes need time [17, 19], which means the transition among subpopulations,
occurs consecutively; thus an individual from subpopulation N can only transit to S, and
one from subpopulation A can only transit/come to/from S from one semester to the next
one, as Figure 1 shows. One-jump principle is an accepted underlying hypothesis in
dynamic behavioral models such us [23] or [32].

[Figure 1 about here]

H3: E-commerce is a catalyst for the Veblen and Pascal effects. Online shopping favors
consumption as stores are open 24 h a day/7 days a week. The consumer receives an
external stimulus of the desired products selected specially for his/her profile. Literature
suggests that addiction symptoms are related to technology [51], specifically Qasem
(2019) [52] suggests shopping addiction as a potential negative outcome of technostress.

H4: Those consumers who have no surplus saving (precariat) are not predisposed to
overconsumption. According to this statement, immigrants who send money to their
origin countries are, by definition, not predisposed to overconsumption [53,54,55].

H5: Devout religious people are not predisposed to hedonist or conspicuous consumption
[56,57]. Hence they belong to the ordinary shopper subpopulation (N) and are not
culturally susceptible to transit to impulsive shoppers (S).

H6: Impulsive (S) to pathlogical shopper (A) transits are more complex and require an
external catalyst event with a strong emotional impact [23], while transits from the
ordinary shopper subpopulation (N) to Impulsive (S) are affected only by the personal
characteristics of the buyers and their habits [26].

Finally, age has been identified as a determinant factor for developing a pathological
consumption disorder [36]. Age inversely correlates with the disorder and indicates that
younger people are more prone to manifest the pathology.

In this work we identify and classify the Spanish population according to their level of
consumption by paying special attention to differences in line with age. So let’s define
the three possible consumer subpopulations (Nj,S;,A;) based on their emotional
dependence and habits on shopping [26], where j = 1,2,3,4 refers to the age groups



comprising individuals aged within the range [16,25] for j = 1, [26,35] for j = 2,
[36,64] for j = 3 and 65 and more for j = 4.

H7: The dynamics of consumption are affected by cultural and educational factors, which
are intrinsically linked to age. In addition, age is a factor that is significantly positively
related to fear and prudence [58]. Hence, we define the “retirement effect” as the fact that
people after retirement become more concerned about their health and economic
problems than with their self-satisfaction [56, 59]. This implies that a proportion of
impulsive shoppers (S3) transits to ordinary shoppers (N3) when they retire (on average
at 65 years).

4. Parameters definition and estimation

The considered demographic variables are birth rate (o) and death rate (d;) for each j.
Birth rate includes the proportion of all new consumers over the total population who
enter the model (they reach the age of 16 years). These parameters are assumed constant
in the short term.

New incomers are distributed among the three consumer subpopulations for j = 1 by
considering the prevalence rate of impulsive (S) and pathological consumption (4) in
high school students when the present study commenced: hence they equal S; 5 and 4,
respectively.

Migratory balance is considered a possible entry/exit of each subpopulation. Parameter
{; denotes migratory balance (immigrants minus emigrants) in Spain by age group j [60].

According to H4, the immigrants who arrive in Spain in a precarious situation are
considered rational buyers. Let’s define T as the percentage of immigrants who come from
origin countries in a worse economic situation (compared to Spain), send money to their
relatives and have no surplus to overconsume. The average data for 2016 and 2017
evidence that T = 0.81 X 0.679 = 0.55. Moreover, 81% of immigrants do not have
surplus money for either saving or spending, obtained as the average of those who send
money to their relatives (68%, [61] and precarious immigrants (94%, [62]). Besides,
67.90% of immigrants in 2016 and 2017 came from countries where the economic
situation was worse than in Spain [62]. Therefore, those precarious immigrants who arrive
in Spain (i;7) enter as ordinary buyers (N;). Non precarious immigrants are distributed
among the different subpopulations according to the initial prevalence rates.

As regards the retirement effect (H7), let’s define o as the proportion of impulsive
consumers aged up to 64 years who transit to rational consumers when they reach the age
of 65 years and retire. The main concerns of Spanish retirees [59] are pensions (60%),
loneliness (46%) and health (39%). Moreover, 59% admit that one of the worst things
about retirement is adjusting to a reduced budget [60]. Therefore, we assume that 59% of
the impulsive consumers move to rational consumers when they retire (x= 0.59).

The estimated values of the previous coefficients for each j and the absolute demographic
balance are shown in Table 1, considered a basis for the calculus of the total Spanish
population aged over 16 years in 2016 (t = 0).



[Table 1 about here]
The transition among age groups addresses demographic factors (see Figure 2).
[Figure 2 about here]

4.1. Transits from Ordinary (N) to Impulsive (S) shoppers

Let V be the percentage of consumers affected by the Veblen effect. Palma et al. [63]
found that 9.26% of consumers are “prestige lovers” and believe that status can be
achieved even with relatively inexpensive purchases. Then V = 0.0926.

Let P be the percentage of consumers affected by the Pascal effect. The hedonistic
spending of consumers for themselves is estimated at 47.55% and the hedonistic spending
on purchases for others has been found to be 66.67% [12]. As users normally spend more
on themselves than on others, we assume that 50% of consumers make hedonistic
purchases (P = 0.5).

With H3, we state that e-commerce is understood as a catalyst of the Veblen and Pascal
effects. In addition, compulsive and non compulsive consumers did not differ in the types
of consumer goods they purchased, but in the frequency with which consumer goods were
purchased [64]. Lam and Lam (2017) [65] have evidenced that those buying on the
Internet more than once a week are at a significantly increasing risk of becoming
problematic shoppers.

We assume that those ordinary consumers who buy on the Internet more than 3 times a
month (g;) are at risk of becoming impulsive buyers (excluding those new consumers at

risk of poverty). Thus let V';, = V(g — (Povertymtejpr1 — Povertymtejt)) and
P, =P(g— (Povertymtejﬁr1 — Povertymtej,t)) )

The values of Povertymtej,t and ¢; are obtained from [62]. Note that we consider ¢;

constant in the short term (not dependent on t) because the evolution of &; over time was
analyzed and no trend was found (e; = 0.0384, ¢, = 0.0568, ;3 = 0.0146 and ¢, =
0.0032). Poverty risk rates depend on j and take the values shown in Table 2 for semester
t = 0 and t = 2, respectively.

[Table 2 about here]

Based on H4 and HS, devout religious and precarious immigrants are not susceptible to
transit to impulsive buyers. Let’s assign N ~;, to the ordinary buyers susceptible to

become impulsive buyers, obtained as,

N ,j,t = Nj,t — R](N],t) — T’ X x(Nj,t)a



where x is the proportion of non Spaniard inhabitants of the total population in Spain, R;
is the percentage of devoted religious people who will not culturally become impulsive
shoppers and t' is the percentage of foreigners living in Spain who come from countries
whose economic situation is worse than that of Spain, send money to their relatives and
have no savings to overconsume.

Note that as age is a determining factor for developing the disordered consumption
behavior, we assumed that 25% of devoted religious young people are susceptible to
transit to a higher consumption level as their beliefs are still immature and less rooted.

The estimation of ' is lower than 1 as the proportion of foreigners living in Spain who
come from countries with a worse economic situation (54.46%) is lower than the
proportion of new immigrants arriving (67.90%). Thus 7" = 0.81 X 0.5446 = 0.4411.

4.2. Transits from Impulsive (S) to Pathological (4) shoppers

The Veblen (V') and Pascal (P ) coefficients are defined and take values as for transits
from ordinary (N) to impulsive (S) shoppers. However as H6 states, transits from
impulsive to pathological buyers are complex and need an external trigger.

Let’s define E; ; as the parameter that measures the economic distress effect for each j in
semester t. Hence we assume that a consumer who suffers anxiety or depression (¢;),
and also economic distress (proxied by Povertyrqte,,, — Poverty,qee,, for
Povertyrate,,, > Povertyrqee,), is susceptible to become a pathological consumer.
However, only those who are hedonic (P) or conspicuous (V') shoppers will transit as they
will overcome distress by receiving support from purchasing. Hence Ej. = ¢@; X
(Poverty,ate,,, — Povertyrqte,)-

Note that the anxiety or depression statistics for j are as follows [66, 67], ¢; = 0.141,
@, = 0.331, ¢3; = 0.278 and ¢, = 0.277.

Let’s define u; as the parameter that measures the emotional distress effect for each j.
Hence we assume that those consumers suffering anxiety or depression (¢;) from getting
divorced (a proxy of emotional distress) are susceptible to become pathological
consumers. However, only those who are hedonic (P) or conspicuous (V) consumers will
transit as they will overcome the distress from receiving support from shopping.

Every year, the percentage of the total Spanish population that ends their marriage for
each j [62] is 0.014% for j = 1, 0.201% for j = 2, and 0.411% and 0.063% for j = 3,4,

. . 0.00014x0.141
respectively. Hence u; takes the following semester values, u; = ———— =

2
9.64 x 107, u, = 0.00033, uz = =222 = 0.00057 and u, =
0.00063%0.277 — 871 x 10_5'

__0.00201x0.331

Finally, we assume the same therapy recovery rate (1) for pathological shoppers as in [23,
68] because the recognition of behavioral disorder continues without having substantially
increased. We adapt the value of the parameters to semi-annual transits as follows.

Let’s define r as the rate at which a pathological shopper goes to therapy and becomes an
ordinary shopper. Thus r = 0.0035 semester !. This parameter is estimated by taking



into account: (i) the percentage of pathological shoppers who begin therapy every year
(0.35%); (i1) the average percentage of successful therapy programs (50%); (iii) the
median therapy duration, 12 weeks (3 months). Then we obtain r = 0.0035 X 0.5 X 2.

5. Model and initial subpopulations
5.1. Compartmental difference equations model

According to the subpopulations definition, let B, be the total population of consumers
in Spain older than 16 years. Thus B;_N; + S; + A;, where

NNyt + Npp + N3p + Ny,
Se=S1t + Sz + S3¢ + Sars
Al'=A1,l' + AZ,l’ + A3,t + A4-,t'

The compartmental difference equations model for the shopping behavior dynamics in
Spain is as follows (t in semesters) according to age groups (j)

1
Nyt11=Ny + 87,214 — %Nu — (Ve + P )Ny + 1741,

1 19
S1t+1=51,c + 103,696 — %Su + %(V'Lt +P 1 )N e — P+ V)uySip — (Pe + Vi)E;1S1¢

1 19 19
Al,t+1=A1,t + 41,167 - %Al,t + % (P + V)ulsllt + % (P + V)El,tsl,t - rALt

1
SalNoe = (Vg + P'a )Nz + 1Az,

1
Nyty1=Nye + 1,498 + =N, — 20

20
1 1 9
S t41=52¢ + 56 + %Su - %iz,t + 50 Vot + P 2e)N'o e — (P +V)uyS; . — (P
+V)E; Sy + 50 (Ve + P 10N 1

1 1 19 19 1
AZ,t+1=A2,t + 21 + %Al,t - %Az,t + % (P + V)uZSZ,t + %(P + V)EZ,tSZ,t + %(P

1
+ V)ulsllt + % (P + V)El,tsl,t - rAZ,t

1
Nyt — (V'3e+P'3¢)N'3 +7145;

1
N3¢49=N3; — 15519 + —N, — =N,

20

1 1 57
S3t41=53, — 19,333 + %Sz,t - %SS,L“ + %(V 3t + P35 )N — (P+V)usSs — (P

1
+V)E3:S5: + %(V 2t P2 )N'5;

1 1 57 57 1
A3,t+1=A3,t - 2,652 + %Az,t - %AS,I' + %(P + V)u353,t + % (P + V)ES,tSS,t + % (P

1
+ V)uZSZ,t + % (P + V)EZ,tSZ,t - T'A3,t



1 1
Nyt+1=Ngr — 307,206 + %NS,L“ + aﬁs&t —(Viat + PNy + 1744,

1
Sat+1=54r — 121,811 + (1 — @) %SS,L“ + (Ve + P yt)N'yr — (P +V)uyS, — (P

1
+ V)Ey:Sar + tg (Vs + P5e)N '3

1 1
A4,t+1=A4,t - 15,097 + %AS,I' + (P + V)u4,S4,,t + (P + V)E4,,tS4,,t + % (P + V)u353,t

1
+ % (P + V)ES,tSS,t - TA4,,t

Let’s define W (t) as the matrix unknown of the model, including all the subpopulations
per age at time t, as:

WO={ N, S50 A, @

For sake of convenience, let’s introduce coefficients f; and S, by taking the values

r19__12
zoll_ )&y
Bi=4 57 ,
gl =%
\ 1,i =4,
(1
_I :1I2I
ﬁ_<zor
T 1 3
\§,T— .

Note that with matrices 4;(t) = (ah,(t)) € R¥*3, B; = (bp,) € R¥™*, C,.(b) =
(cpq()) € R¥3, and D, = (d},) € R***, which are defined below, we show that
W(t + 1) depends on W (t) throughout the bilateral matrix equation in this form:

W(t+1) =X, AOW@B; + X1 C(OW(t)D, + M ; 4)
where

al (&) =B+ (1 + R +1'x)(V ,i,t +P i); aiz(t) =1

ab, () = Bi(1 — R, —T'x)(V TP s a5, () = B; — (u; + E; ) (P + V);



ak, () = Bi(u; + Ei)(P+V); at;(8) =B, —;

b :{1'P:q=i.
paq 0, otherwise’
0, r=1,2,
c11 (1) = c33(t) = Br; cfx(8) = {5 =3

58

ﬂ‘rr r= 1121

H(0) = B~ B~ TV T +P i@ 1 70T
CR(O) = By ur + B ) (P +V):

dqr :{1,;9 =1+4+randq=r,
pq 0, otherwise

and M is the demographic independent matrix given by

—15519 -19333 —2652

87214 103696 41167 )
—307206 -121811 -—15097

M = vec-1(m) = ( 1498 56 21

Note that using the vector operation and property (2) of Section 2, we can write matrix
equation (4), which can be transformed into the linear vector form:

w(t+1) =G6{)w(t) + m; (5)

where

w(t) = vec(W(t));

4 3 (6)
6(5) = ) A(O®B;+ ) C.(OSD,.
i=1 r=1

From (5) and (6), we obtain:

wit+2)=ct+Dwt+1)+m=66>t+1Dc)w() +G6(t+1)m+m,

wit+3)=G6t+2)wt+2)+m=G6>{t+2)G(t+ 1DG()w(t) +G(t + 2)G(t +
IDm+G(t+2)m+m,

wit+4)=G6ct+3)wt+3)+m=G6>{t+3)G(t+2)G(t+ 1DG()w(t) +
Gt+3)6G(t+2)6(t+1)m+G(t+3)G(t+2)m+m,

Inductively, we obtain the explicit solution of (5)



w(t+k)=Hk t)w(t) + F(k,t)m;k > 1, (7)
where

H(0,t) =1

k-1
H(k,t) = HG(t+k— 1-1)
=0

—(8)
=G(t+k—1)Gt+k—-2)-G({t+1)G(t)
k-1
F(k,t) = H(j,t) -

and the initial condition w(0) = vec(W (0)), where W (0) is the matrix obtained from
the initial data of each subpopulation that is computed in the next section.

Taking t = 0 into (7) one gets the explicit expression of w(k) in terms of the initial
value matrix W (0)

w(k) = H(k,0)w(0) + F(k,0)m. 9)
5.2. Initial subpopulations

The simulation results were computed from January 2016 (¢t = 0) to July 2020. The initial
subpopulations were calculated according to several assumptions.

The total population in Spain [62] equal or older than 16 years (39,129,371) is distributed
according to age intervals (j).

The initial populations of pathological shoppers per age are stated according to the
literature.

By definition, rational consumers (N;) are those who follow a rational planned purchase
behavior, including devoted religious people, people at risk of poverty, the long-term
unemployed, and 50% of retired people.

Regarding religious people, 3.6% of the total population is considered to be devoted
religious for j = 1,2, and 8.3% and 29.1% are devoted religious for j = 3 and j = 4,
respectively [69].

Long-term unemployed workers are defined as the unemployed who have been looking
for a job for at least 12 months, have not worked during that period, and are taken as a
percentage of the total working population. Note that half the unemployed in Spain are at
risk of poverty [70]. As that proportion will form part of the poverty risk rate, only 50%
of the long-term unemployed are included in N; to avoid double counting.

Thus rational consumers are estimated to be N;, = 1,600,827, N,, = 1,913,703,
N3y = 6,688,474 and Ny, = 5,988,292 int = 0.



The prevalence of compulsive shoppers in college students and young people (j = 1) has
been reported as the highest at around 20% [64, 71]. In Spain, the prevalence of
compulsive shopping has been estimated at 18.49% according to current VAT levels [68].
Among adults, the estimates of students with adult representative samples range from 3.4-
8% [72, 73]. As age has been negatively and significantly associated with compulsive
shopping [74], the lower and upper limits of the range are taken for j = 4 and j = 3,
respectively.

Thus the percentages of pathological shoppers are estimated as follows: 4; o = 0.1849,
Ay =0.1849, A5, = 0.08and A, o = 0.034int = 0.

The impulsive consumers (S) in t = 0 are calculated by the difference as S

.t
B;.—N;,

¢ — Aj, for each j.

Thus the matrix of consumers in t = 0 is:

1,600,827 2,138,373 848,213
1,913,703 2,997,857 1,114,155 (10)
6,688,474 11,581,381 1,588,683
5,988,292 2,375,051 294,362

W(0) =

6. Results
6.1. Economic scenarios

The simulation results were computed from January 2016 to July 2020. The poverty risk
rate (Povertyyqse ) was quantified in January 2016 [62]. As of January 2017, the poverty
risk rate changed. Such changes were proportionally distributed between July 2016 and
January 2017. From January 2017, the poverty risk rate remained constant.

[Table 3 about here]

Thus the solution matrix in t = 9 is;:

1,434,000 2,345,534 815,724
1,413,006 3,101,861 984,464
5873,408 11,471,944 1,756,801
5,270,376 2,022,882 407,677

w(9) =

[Figure 3 about here]

The impulsive buyers subpopulation increased from January 2016 to July 2020 for j =
1,2,3, while the subpopulation of impulsive consumers aged over 65 years (j = 4) slightly
lowered (Table 3).



The pathological consumers subpopulation underwent several variations depending on
the age group (j) from January 2016 to July of 2020 (Figure 3.c). For the buyers aged
between 16 and 35 years (j = 1,2), the pathological consumers slightly reduced, but the
pathological consumers increased for the shoppers aged more than 35 years (j = 3,4).

In order to estimate the short-term evolution of our subpopulations, we analyzed
sensitivity to the economic scenario by considering the poverty risk rate a proxy of
shopper’s purchasing power. A different evolution of the poverty risk rate can be
considered.

On the one hand, a recovery scenario poses a short-term situation for the improvement of
the population’s purchasing power and living conditions. This can be caused by a labor
reform with a substantial increase in salaries and a reduction in temporality as a result of
the Spanish government changing [75, 76]. Examples of similar labor reforms can be
found in France, Germany or Chile [77, 78].

On the other hand, and as far as we know, the current macroeconomic indicators in Spain
are improving, but precarious workers also increase [79]. If a labor reform does not come
into being that involves a real significant impact on wages and hiring conditions,
temporary employment will increase and, consequently, so will the precariat. According
to this assumption, the poverty risk rate will increase.

[Figure 4 about here]

The impulsive buyers subpopulation increased from January 2016 to July 2020 for the
possible scenarios considered herein and for j = 1,2 (Figure 4).

The pathological consumers subpopulation was less sensitive to the economic scenario.
However, it underwent several variations depending on the age group (j) from January
2016 to July of 2020, and increased for worsening scenarios. The pathological shoppers
aged between 16 and 35 years (j = 1,2) slightly reduced for all the scenarios, but the
pathological consumers increased for those aged over 35 years (j = 3,4).

As regards sensitivity to the economic scenario, for j = 1,2,3 impulsive shoppers
increased more in a recovery scenario (Figure 4.a, b and c). In a worsening scenario, the
number of pathological buyers slightly increased, but also the increase in impulsive
buyers smoothed.

Specifically, the impulsive consumers subpopulation aged over 65 years (j = 4) slightly
lowered in the base scenario (unlike for j = 1,2,3) and more notably so in worsening
scenarios. The level of pathological consumers in July 2020 remained at 5.3% in all the
scenarios for this age group.

6.2. Sensitivity analysis

A sensitivity analysis was performed for the coefficient of the retirement effect (o<). We
changed the estimated value of « to between 0.1 and 0.9, and simulated the prevalence
of the pathological consumers, but also that of the other two subpopulations, in line with
the poverty risk rate for 2017.

[Figure 5 about here]



When we analyzed the total population of buyers in Spain, the subpopulations underwent
variations below 5% (Figure 5). We observed that for 0 <x< 1, the subpopulation of N
oscillated within the [35.1%, 39.9%] range, impulsive consumers (S) moved within the
[54.2%, 49.4%] range and pathological consumers (A) remained constant (10.7%).

The specific results of shoppers older than 65 years (j = 4) showed for 0 <x< 1, and the
following results were obtained: the subpopulation of N oscillated within the [54.8%,
77.9%] range, impulsive consumers (S) moved within the [40.0%, 16.8%] range and
pathological consumers (A4) remained constant (5.3%). Note that to maintain the forecast
decrease in S,, « could decrease only to 0.54.

In addition, these results provided a measure of our model’s robustness as the short-term
simulations that predicted an increase in impulsive consumers in the total Spanish
shoppers population were maintained for all the possible « values (S was always higher
than 48.8%).

We perform additional sensitivity tests for Veblen (V) and Pascal (P) effects, both in
transits from Ordinary (N) to Impulsive (S) and from Impulsive (S) to Pathological (4)
shoppers and therapy recovery rate (7). Parameters are simulated to move in the interval
[50%, 150%] of its estimated value.

Reported results (Table 4) do not vary substantially for the Total subpopulations of
Ordinary (N), Impulsive (S) and Pathological shoppers (A) as compared to the estimated
coefficients (Table 3) supporting the robustness of our model and the conclusions we
draw.

[Table 4 about here]

7. Conclusions

In recent decades, interest in consumer misbehaviors has grown and consumer habits have
recently changed with the use of technology and the Internet.

In this paper, we developed a behavioral mathematical bilateral matrix difference model
that is transformable into a linear system of difference equations to model consumers’
behavioral dynamics and to estimate the short-term evolution of different consumer
subpopulations. The model can serve to design public health and education policies.

In our model, the transit of individuals among subpopulations is explained by diverse
factors, such as hedonistic consumption, imitation or conspicuous consumption, the
bandwagon effect, economy, and psychological, technological and demographic aspects.

The results show that total impulsive and pathological buyers will increase in all the
economic scenarios. As regards differences between age groups, pathological consumers
older than 35 years will increase slightly for all the considered scenarios, while
pathological consumers aged between 16 and 35 years will slightly decrease in the three
scenarios. Notable differences in the number of ordinary buyers are found for the group



over 65 years. Moreover, the pathological consumers in July 2020 will remain at 5.3% in
all the scenarios for this age group.

One of the potential utilities of this model is that the study can be extrapolated to other
market economies where data are available, and it can take into account the peculiarities
of each study area. The time period can be changed but, the longer it is, the less reliable
it becomes. In addition, the model allows to simulate changes in the parameters.
Specifically, a sensitivity analysis was performed for the coefficient of the retirement
effect. The results predicted an increase in impulsive consumers in the total Spanish
shoppers population maintained for all the possible values of the parameter and provided
a measure of our model’s robustness.

Note that, as in the literature, the difficulty of finding real data for Spain for some transit
parameters meant that estimates had to be calculated according to some assumptions and
hypotheses of human behavior simplification.
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Table 1. Estimation of parameters and absolute demographic balance for each t.

j=1 j=2 j=3 j=4
o 0.0055
d; 0.00011 | 0.00018 | 0.00149 | 0.05128
I 17,370 | 2,659 | -7,915 -147
o 0.59

Total Population 39,129,371
Demographic balance

N 87,214 | 1,498 | -15,519 | -307,206
S 103,696 56 -19,333 | -121,811
A 41,167 21 -2,652 | -15,097




Table 2. Poverty risk rates

j=1

j=2

j=3

j=4

0.296

0.246

0.217

0.130

0.285

0.232

0.203

0.148




Table 3. Results (as percentages) for January 2016 and July 2020 according to the current
economic situation (base scenario).

Age group (j) | B (total shoppers)| N S A
16-25 11.7%34.9%| 46.6% | 18.5%
26-35 15.4%31.8%|49.8%| 18.5%
January 2016 | 36-64 50.8%33.7%| 58.3%| 8.0%
65 and more 22.1%(69.2%(27.4%| 3.4%
Total 100.0% [ 41.4% [ 48.8% | 9.8%
16-25 12.5%31.2%] 51.0% 17.8%
26-35 14.9%25.7% 56.4%| 17.9%
July 2020 36-64 51.8%]30.7%) 60.1%| 9.2%
65 and more 20.9% [ 68.4%(26.3%| 5.3%
Total 100.0% [ 37.9% 51.3% 10.7%




Table 4. Sensitivity analysis of Veblen (V), Pascal (P) and recovery rate (r) parameters.
Subpopulations results for July 2020 according to the current economic situation (base

scenario).
Parameter
V P r
Subpopulation 0,0463 10,1389 10,2500 0,7500| 0,0018 | 0,0053
N 16-25 31,5% 30,8% | 31,3% | 31,1%] 30,9% | 31,4%
26-35 26,1% | 25,1%| 25,8% | 25,6% | 25,4%| 25,9%
36-64 30,9% 30,5%] 30,9%] 30,6% | 30,5% | 30,8%
65 and more | 68,6% | 68,5% | 68,1% | 68,7% | 68,4% | 68,6%
Total 38,1% | 37,7% | 38,0% | 37,9% | 37,7% | 38,0%
S 16-25 50,7% | 51,4%| 51,0% | 51,1%| 51,0% | 51,1%
26-35 55,9% | 57,0% | 56,3% | 56,5% | 56,4% | 56,5%
36-64 59,9% | 60,3% | 60,0% | 60,1% | 60,1% | 60,1%
65 and more | 26,1% | 26,2% | 26,6% | 25,9% | 26,2% | 26,2%
Total 51,1% | 51,6% | 51,3% | 51,3% | 51,3% | 51,4%
A 16-25 17,7% | 17,8% | 17,7% | 17,8% | 18,0% | 17,6%
26-35 17,9% | 17,9% | 17,9% | 17,9% | 18,2% | 17,7%
36-64 92%| 9,2%| 9,1%| 9,3%| 94%| 9,1%
65and more| 53%| 53%| 53%| 53%| 54%| 5.2%
Total 10,7% | 10,8% | 10,7%] 10,8% | 10,9% | 10,6%




Figure 1. Block diagram of consumers’ behavioral transits among subpopulations.

Figure 2. Block diagram of demographic transits.

Figure 3. Dynamic evolution of the three subpopulations for each j by considering a
constant poverty risk rate since 2017 for a) ordinary shoppers, b) impulsive shoppers, c)
pathological shoppers. Dashed line: j = 1, gray solid line: j = 2, dotted line: j =3,
black solid line: j = 4.

Figure 4. Sensitivity to the poverty risk rate. The three subpopulations are computed for
t = 9 by considering different poverty risk ratesint =9, fora) j =1,b) j =2,¢) j =
3, d) j = 4. Dashed line: ordinary shoppers, dotted line: impulsive shoppers, solid line:
pathological shoppers.

Figure 5. a) Population aged 65 and more as percentages. b) All the consumer populations
as percentages. Dashed line: ordinary buyers, solid line: impulsive buyers, horizontal
axis: « values, data simulated for July 2020.



