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ABSTRACT. This study develops a modified nonlinear mathematical model of online shopping dynamics that explic-
itly incorporates the direct influenced of beauty influencers through promotional content (F') and a parameter o for
transition from offline to online shopping without the influenced of influencers. The model comprises offline shoppers
(L), online shoppers (O), and the amount of promotional content created by beauty influencers (F’). Stability analy-
sis shows two equilibrium points: an online shopping free state E; locally asymptotically stable when Ry < 1 and an
endemic state F» locally asymptotically stable when Ro > 1. Numerical simulations using MATLAB R2013a confirm
the analysis, revealing that higher promotional content growth rates (k) and lower decline rates () increase Ro
and the online shoppers population. The novelty lies in explicitly modeling influencers based promotional content as
a driver of shopping behavior; offering strategic insights for sustained engagement and customer retention in beauty

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonComercial 4.0 International License. Editorial of [JoM: Department of Mathematics, Uni-
BY _NC versitas Negeri Gorontalo, JIn. Prof. Dr. Ing. B. J. Habibie, Bone Bolango 96554, Indonesia.

1. Introduction

Online shopping has increasingly become an integral com-
ponent of contemporary consumer behavior, transforming not
only the way people purchase goods and services but also re-
defining broader patterns of economic interaction. The popu-
larity of online commerce is closely associated with the conve-
niences it offers, including competitive pricing, diverse product
availability, and the elimination of physical queues for consumers
[1]. Globally, more than 2.64 billion individuals engaged in on-
line purchases in 2023, illustrating the vast scale of this phe-
nomenon [2]. In Indonesia, the rapid growth of internet pene-
tration has been a key driver for the expansion of e-commerce.
By 2023, the number of internet users surpassed 215 million,
while e-commerce users reached approximately 58.63 million [3—
5]. These statistics not only highlight the technological progress
achieved but also signal a broader societal shift, in which effi-
ciency, accessibility, and flexibility are increasingly prioritized in
everyday transactions. Online shopping, therefore, is no longer
considered merely an alternative to conventional retail but has
evolved into a dominant and embedded lifestyle choice. This
rapid expansion reflects a structural transformation in consump-
tion patterns rather than a passing trend.

While affordability and convenience remain primary drivers
of online purchasing, digital promotional strategies have
emerged as a powerful influence on consumer decision-making,
particularly through the role of social media influencers [6]. Influ-
encers, by leveraging credibility, relatability, and constant digital
engagement, have created a new marketing paradigm that differs
substantially from traditional advertising. A survey conducted by
Rakuten Insight in 2023 reported that approximately 68% of In-
donesian respondents purchased beauty products after viewing
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endorsements from influencers [5]. Such data illustrate the tan-
gible economic effect of influencer-driven marketing. Content
created on platforms like Instagram, TikTok, and YouTube exerts
a significant psychological and social influence, as purchasing de-
cisions are increasingly shaped by social validation and perceived
trust rather than by intrinsic product features [7]. Consequently,
the phenomenon marks a cultural shift in consumer behavior,
wherein influencer-driven promotion operates not as a periph-
eral strategy but as a central mechanism of online marketing dy-
namics.

Despite its evident importance, mathematical investiga-
tions of online shopping dynamics have thus far remained lim-
ited in scope. Most existing models focus on information diffu-
sion or general advertising effects, without explicitly incorporat-
ing influencer-driven marketing as a distinct variable. Nonlinear
mathematical models, particularly systems of ordinary differen-
tial equations, have proven effective in capturing the complexi-
ties of socio-economic interactions [8, 9]. For instance, Sharma
[1] introduced a nonlinear system, referred to as the V.S P model,
where N denotes offline shoppers, S online shoppers, and P
the information generated by online shoppers. This framework
demonstrated how the dissemination of positive information ac-
celerates the transition of consumers toward online shopping
platforms. Similarly, Misra et al. [10] examined the influence of
social media advertising using comparable modeling techniques.
These contributions underscore the centrality of information and
advertising in shaping consumer dynamics, yet they fall short of
addressing the distinct and increasingly influential role of social
media influencers.

To address this gap, the present study extends Sharma’s
NS P model [1] by explicitly integrating the effect of promotional
content created by beauty influencers. A new parameter, «, is in-
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Table 1. List of variable

Variabel  Description Unit Condition
L(t) Subpopulation of offline shoppers Individual L(t) >0
O(t) Subpopulation of online shoppers Individual o) >0
F(t) The amount of promotional content created by beauty influencers ~ Promotion content ~ F'(t) > 0

troduced to describe consumer transition from offline to online
shopping independent of influencer effects, while the variable
P is replaced by F, representing influencer-generated promo-
tional content. Through this modification, the model provides a
more nuanced framework to capture the dynamics of consumer
behavior in the digital age. Specifically, it allows for a deeper
analysis of how influencer-driven promotions accelerate shifts in
consumption from offline to online platforms. In doing so, the
study contributes both to the theoretical development of socio-
economic modeling and to practical insights for e-commerce mar-
keting strategies in Indonesia and beyond.

2. Methods
This research uses a descriptive method with the following
stages:

1. Identify the problem.
2. Literature studies.
3. Determination of model assumptions, variables, and param-
eters.
4. Mathematical Model Building.
5. Dynamic Analysis of Mathematical Models.
Analyze by determining the equilibrium point and stability
of the equilibrium point of the model.
a Equilibrium Point
An equilibrium point is a state where all variables in the
system remain constant over time. For an autonomous
system defined as ‘fl—f = f(z), the equilibrium point *
satisfies f(z*) = 0.
b Basic Reproduction Number (Ry)
The Basic Reproduction Number Ry, quantifies the in-
fluenced of promotional content by beauty influencers
on consumers switching from offline to online shop-
ping. It is calculated via the next generation matrix
method.
¢ Equilibrium Point Stability
Stability analysis is conducted using the Jacobian ma-
trix, which examines system behavior near the equilib-
rium point. The Jacobian matrix is:

0 0 0
2 * 2 * 2 *
(@) () o ()
J(f(x) = |7, -, o
o n. * 9 "‘ * ' o n‘ *
ail (=) aig (") agn (")

The eigenvalues of J(f(x)) are found by solving
|J(f(x)) — M| = 0. According to [11], the stability
conditions for an equilibrium point z* are:
i. * = 0 is stable if and only if the real part of all
eigenvalues is negative or equal to zero.
ii. £* = 0 is asymptotically stable if and only if the
real part of all eigenvalues is negative.

iii. * = 0 is unstable if at least one eigenvalue has a
positive real part.
6. Numerical simulation and interpretation

Numerical simulations were performed using MATLAB
R2013a with the fourth-order Runge—Kutta method imple-
mented with a fixed step size of 0.1 days, over a simula-
tion period of 0-450 days. No adaptive convergence crite-
ria were applied, as the method was executed for the entire
time range with the specified step size. The results were
then analyzed and interpreted to examine the influenced of
parameters on the system’s dynamics.

3. Results and Discussion

3.1. Mathematical Model of Online Shopping Dynamics with Beauty
Influencers

To construct a mathematical model that describes the dy-
namics of online shopping under the influenced of beauty influ-
encers, it is necessary to first define the variables, model assump-
tions, and parameters. The variables used are presented in Ta-
ble 1.

The model is constructed based on the following assump-
tions:

1. New individuals entering the system are assumed to initi-
ate offline shopping activities at a rate A. An example is a
purchase at a physical store, market, or mall. In this model,
there is no direct move to online shopping without first mak-
ing an offline purchase.

2. Offline shoppers can switch to online shopping due to the
influenced of promotional content from beauty influencers,
at the rate of § and can switch independently, without the
influenced of beauty influencers, for example factors such as
convenience, price, personal needs, or word-of-mouth rec-
ommendations, at the rate of a [12, 13].

3. Online shoppers may return to being offline shoppers at the
rate of §. This can happen due to negative experiences, such
as unsuitable product quality, not being able to try the prod-
uct directly, or late delivery [14].

4. Both offline and online shoppers can exit the system at the
rate. This describes situations where individuals stop shop-
ping altogether or for other reasons.

5. The amount of promotional content increases as the number
of online shoppers increases, at a rate of k. A larger online
shoppers increases the opportunity for promotional activi-
ties by influencers, as the effectiveness of digital marketing
relies heavily on influencers engagement [15].

6. Promotional content may decline at a rate of #. This can be
caused by audience saturation, controversies involving in-
fluencers, decreased content relevance, or loss of audience
trust [16, 17].

Subsequently, the parameters used in the model are presented in
Table 2.
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Table 2. List of parameters
Parameter  Description Unit Condition
A Individual who have just entered the shopping system %;yd“a' A>0
o Transition rate from individual in L(t) to O(¢) without the influenced of beauty influencers m a>0
B Transition rate from individual in L(¢) to O(¢) due to the influenced of beauty influencers m B>0
0 Transition rate from individual in O(¢) to L(t) d%ay 6>0
I Rate at which individual exit the shopping system 'i pnw=>0
k Growth rate of promotional content by beauty influencers %ﬂfé’gem k>0
0 Decline rate of promotional content by beauty influencers due to various factors diay 6>0

Based on the assumptions that have been set, the
schematic compartment diagram of the mathematical model of
online shopping dynamics with the influence of beauty influ-
encers is presented in Figure 1.

alo
| |
IV BLF 0 ko F
[ |
ulL 60 ulo BlF

Figure 1. Mathematical model of online shopping dynamics
with beauty influencers

Based on the Figure 1, the mathematical model describing
online shopping dynamics influenced by beauty influencers is ex-
pressed as a nonlinear autonomous system as follows:

L
%:A—BLF—aLO—s—(SO—uL,
%:BLF—F&LO—&O—MO, (1)
I _vo—er

dt

with the initial condition L(0), O(0), F'(0) >
of individuals expressed by N (t) = L(t) + O(t
the system (1) is confined to the region:

0, and the number
(t), the solution of

A kA
1= {(L0,00.F0) | L0.00 < 0< 7ty < 25},

3.2. Analysis of Mathematical Models of Online Shopping Dynamics
with Beauty Influencers

In analyzing the dynamics of online shopping with the in-
fluenced of beauty influencers, the equilibrium point, equilibrium
point stability, and simulation will be determined in the analysis
of the mathematical model.

3.2.1. Equilibrium Point

The equilibrium point is a state in the system of equations
(1) that satisfies the condition

dL _dO _dF

AT 2)

Based on eq. (2), two equilibrium points of system (1) are ob-
tained, namely: the online shopping free equilibrium (when there
are no online shoppers)

A
E1 = (LI7 >1k7f71*) = (Ma()vo) ) (3)

and the endemic online shopping equilibrium (when online shop-
pers are present)

EQZ( 35057}7‘;)7 (4)
where:

px - 0+ 0

7 Bkt ab’
OF — aAf + BAk — Subf) — 6

2 u(Bk + ab) ’
[ k(aAf + BAKk — 6u0 — pdb — p0)

2 1(Bk + af)f

The equilibrium point B, will exist if A0 + SAk > uf + u26.

3.2.2. Basic Reproduction Number (Ry)

The basic reproduction number, denoted by Ry, serves as
a measure of the extent to which promotional content by beauty
influencers can encourage the transition of consumers from of-
fline shopping to online shopping. The value of Ry is derived
using the next-generation matrix method. From system (1), the
equation describing the dynamics of the growth in online shop-
ping is extracted as follows:

% = BLF + aLO — 50 — 10,
%:kO—QF. 5)

Based on the eq. (5), the W and Z matrices are obtained
as follows:

(6)

_ [ﬁLF%—aLO} - [(Hu)O}

0 —kO+0F |
The Jacobian matrices of the eq. (6) are expressed by the matrices
W = J(W) and Z = J(Z), resulting in

al BL 5+ p o]. )

J(W):[o O}’J(Z):[—k 0
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Next, substitute the equilibrium point of free online shop-
ping E1 (eq. (3)) into the eq. (7), obtained:

ad  pA 5 0

The next generation matrix (G) is defined based on the
eq. (8) with G = J(Wg,)J(Zg,) ™!, namely:

ad | _BAk BA
G = {(Hu)u OH(5+H)9 /69] .

The basic reproduction number (Ry) is the largest positive
eigenvalue of the matrix G namely Ry = p(G) with p the largest
eigenvalue. To determine the eigenvalue of GG, the characteristic
equation of matrix GG will be find the characteristic equation of
the G matrix, namely |G — AI| = 0, obtained:

((5 ii)u "

aA0+B Ak

BAKk
e ) =0

So we get \| = and Ao = 0. So the basic repro-

opub+p20
duction number of the system (1) is:
R aAb + BAk
07 TS0 + 120

3.2.3. Analysis of Local Stability of Equilibrium Point

Based on the system, the Jacobian matrix (9) is obtained as
follows:

—BF—-aO0 -y —aL+6§ —pBL
J = BEF + a0 alL—0—u pBL|. 9)
0 k -0

The analysis of the local stability of the online shopping free equi-
librium point can be analyzed by referring to the following theo-
rem.

Theorem 1. The equilibrium point E; is locally asymptotically
stable if Ry < 1

Proof. Substitute F; into the Jacobian matrix (9), obtained:

—u _%_’_5 _BA

7
JE)=]0 =4_5—y % (10)
0 k —0

Using cofactor expansion, the characteristic equation (10)

A A
(—p—N) [(O‘—a—u—x> (—o—x - Ak
1t 1
The eigenvalue \; = —pu and the other eigenvalues A\s and

A3 are as follows:

=0.
(11)

A 20 — Al — BA
)\2+(6+u+9—0;>A+5”0+“0M0‘ b= bk

Previously obtained Ry = %, can be rewritten as

aAf + BAk = Ro(0ub + p260). Then substitute to eq. (11),
obtained:

aX> +b\+c=0, (12)

witha =1;0=06+ p+ 60 — 24;¢ = (80 + pf)(1 — Ro).

Based on the Descrates sign rule, eq. (12) has two negative
roots when b > 0 and ¢ > 0. The condition ¢ > 0 is satisfied if
Ry < 1, so the eigenvalues A5 and A3 are negative when Ry < 1.
So the Theorem 1 is proven. O

Furthermore, the local stability of the endemic equilibrium
point of online shopping can be analyzed by referring to the fol-
lowing theorem.

Theorem 2. The equilibrium point Es is locally asymptotically
stable if Rg > 1

Proof. Substituting E5 into the Jacobian matrix (9), we get:

—pFy —a03 —pn  —al3+d6 —pLS
J(E)=| BF5+a05  aLy—o-p ALy |. (13)
0 k —0

Next, determine the eigenvalues of the matrix J(F>), by
finding the characteristic equation |J(F3) — A| = 0, obtained:

—BFy —a035 —p— A —al3+6 —BL;
BEF5 + aO3 ol —6—p—X BL; =0.

0 k —0—A
(14)

Using cofactor expansion, the characteristic equation of
eq. (14) is

moA> + miA2 + mo +ms =0, (15)

with
mog=1>0,
my = —(—BFy +aLi —a0; —§ —2u—0)
= BFy — oLy + 0% + 5+ 21+ 0,
me = —(—BulFy — BOFy + auly + adLs + BkL; — apO;
— a0 — oy — 00 — p* — 2u0)
= BuFy + BOFy — auly — abL; — SELS + auO;
+ a0} + Sp + 00 + p? + 2ub),
ms = BubFy — apbLy — Bkuls 4+ apfOs + Sub + 10.
Next, to show that all the eigenvalues of the real part of

the eq. (15) are negative, the Routh-Hurwitz criterion is if the
following conditions are met:

my > 0, myme —mgz > 0.

By substituting the equilibrium points (L3, 0%, F;y) into each
coefficient, it can be proved that all conditions are satisfied if
Ry > 1. Therefore, all real parts of the eigenvalues are negative,
so the endemic equilibrium point Es is locally asymptotically sta-
ble. So the theorem 2 is proved. O
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Table 3. Parameter values (1)

Parameter Value Unit Description Source
A 10 % Recruitment rate of new consumers [1]
a 0.00001 vy Rate at which individuals move from offline shopping toon-  [18]

line shopping independently of beauty influencers
B 0.0002 ———L1____  The effectiveness rate of promotional content in attracting [1]
promotional content-day
consumers
6 0.03 d—iy Rate of consumers returning from online to offline [1]
I 0.02 f Natural exit rate of consumers [1]
k 0.03 %ﬂfﬁ;‘;sm Content production rate by beauty influencers that scales [10]
linearly with the online shopper population.
0 0.2 d%y Decay rate of promotional content [19]

3.3.  Numerical Simulation and Interpretation

Numerical simulation aims to verify the results of the equi-
librium point stability analysis and provide additional insights
into behavioral dynamics that are not fully captured by equilib-
rium analysis. The simulation process is carried out by entering
predetermined parameter values. There are two types of simula-
tions performed, namely numerical simulations for online shop-
ping free conditions and numerical simulations for online shop-
ping endemic conditions.

3.3.1. Numerical Simulation under Online Shopping-Free
Conditions

In accordance with Brauer & Castillo-Chavez [20], numer-
ical simulations require parameter values that can be obtained
from literature, field studies, or laboratory reports. When empir-
ical measurements are unavailable, parameters can be estimated
from related studies or statistical data, with mean values used for
deterministic simulations and ranges applied in stochastic sim-
ulations to assess variability. The initial values and parameter
values used in the model are presented in Table 3 and Table 4.

Table 4. List of initial values

Variable  Value Unit Source
L(¢) 150 Individual (1]
o(t) 150 Individual (1]
F(t) 10 Promotional content ~ Assumption

Based on Table 3, the value of Ry = % =04 <1,
then using Matlab 2013a software, the numerical simulation for
the online shopping free equilibrium point is shown in Figure 2
with a time span of up to 450 days as follows.

The analytical findings indicate that the online shopping
free equilibrium point (E7) is locally asymptotically stable when
Ry < 1. This is consistent with the numerical simulations, where
the chosen parameter values yielding Ry < 1 lead the trajecto-
ries to converge to the shopping free equilibrium point, and the
number of online shoppers approaches zero over time. Based
on Figure 2, it can be observed that the subpopulation of offline
shoppers increases toward the equilibrium point of 500, while
the subpopulation of online shoppers and the amount of promo-
tional content by beauty influencers decline to zero and stabilize
at that point. This integrated analysis highlights that when the
combined effect of influencer driven promotions and indepen-
dent switching is too weak, online shopping cannot sustain itself

[}
=
[}

| = L (Offline shopper subpopulation)
O {Online shopper subpopulation)
F {The amount of promotional content)

s

[}

[}
T

s
=
[}

[ai}
[}
[}

5]
=
o

— — X
= o =
[} ) o

[}
[}

Shopper subpopulation and arnount of prormotional content
[}
[a5]
[}

[}

150 200 250 300 350 400 450
Tirne (Days)

Figure 2. Numerical simulation under online shopping free
conditions

in the market, leading consumer behavior to shift entirely toward
offline channels.

3.3.2. Numerical Simulation under Endemic Online Shopping
Conditions

For the simulation of the endemic online shopping condi-
tion, the parameters changed from the online shopping free con-
dition are « and 3, while all other parameters remain unchanged.
The values of o and 3 used in the simulation are shown in Table 5.

In Table 5, the parameter (3 is assumed based on primary
data collection. The calculation was carried out using the number
of promotional contents posted by seven beauty influencers on
Instagram, YouTube, and TikTok in 2023, totaling 251 posts or ap-
proximately 0.687 promotional content per day. According to [5],
68% of Indonesian respondents purchased beauty products based
on influencers endorsements. In the same year, the number of
e-commerce users in Indonesia was 58.63 million, while the to-
tal population reached 278.7 million. Therefore, the estimated
non e-commerce population was 220.06 million. Of this group,
approximately 68% (149.65 million people) were influenced by
beauty influencers to switch to online shopping, with an average
daily shift of 409, 986 people. Thus, S is calculated as the ratio
between the daily shift and the product of the non e-commerce
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Table 5. Parameter values (2)

Parameter  Value Unit Description Source
o 0.002 Tndvidealday R.ate .at which individuals move from offline shopping to online shop- [10]
ping independently of beauty influencers
B 0.003 ————L______  Theeffectiveness rate of promotional content in attracting consumers ~ Assumption
promotional content.day

population with the average daily promotional content:

409, 986
220, 066, 200 x 0.687

B = = 0.003.

Numerical simulations for the endemic equilibrium point of
online shopping carried out with the initial values presented in
Table 4 and a time span of up to 450 days are as follows.

500 ! ; ; ! ; ! ! !

.| =L (Offline shopper subpopulation)
.| = 0 (Online shopper subpopulation)
F {The amount of promotional content)

Shopper subpopulation and arnount of promotional content

1 1 i I i 1 1 i
0 a0 100 150 200 250 300 350 400 450 500
Time (Days)

Figure 3. Numerical simulation under endemic online shop-
ping conditions

The analytical findings indicate that the online shopping
endemic equilibrium point (Es) is locally asymptotically stable
when Ry > 1, and the simulations consistently show the trajec-
tory to converge to the shopping endemic equilibrium point, and
the number of online shoppers continues to increase. Figure 3 il-
lustrates that offline shoppers decline to an equilibrium of 20.4,
while online shoppers and influencers driven promotional con-
tent increase to 479.6 and 71.9, respectively. Together, these
results validate the robustness of the model and highlight a long
term balance where online shopping dominates without fully dis-
placing offline shopping, reflecting real world conditions in which
digital commerce expands rapidly while traditional retail main-
tains a niche presence.

Furthermore, numerical simulations were carried out for
variations in the parameter values & (the growth rate of promo-
tional content by beauty influencers) and 6 (the rate of decline in
promotional content by beauty inluencers), to review the effect
of both parameters on the growth and stability of the number of
online shoppers in the system. The following variations of pa-
rameter values &, 6 and R are used.

The following is a graph with different parameter values of
k and 6.

Based on Figure 4 and Figure 5, the numerical simulation
results show that the parameters &k and 6 significantly affect the

Table 6. Variation of parameter value &

Parameter Value Ry Value Source
k=0.03 245 [10]
k=0.05 27.5 1]
k=0.002 20.3 Assumption

Table 7. Variation of parameter value 0

Parameter Value Ry Value Source
0.2 24.5 [19]
0.06 35 (1]
0.02 65 [10]

BOO [ --oeevzeeeeeees RPN e R [RRRRRPRE SRTRRT peeeeeeees P 5

450

N
Q
o

350

300

250

Online shopper subpopulation (O)

A FATET PN . Lo I i . sl
220 25 230 235 240 2145
Time (Days)

k=005 —— k=0002]

200F ... .....

[——k=003

150 | | I i 1 i 1 i i
0 50 100 150 200 250 300 350 400 450
Time (Days)
k=005 —— k=0.002]

[—k=0m

Figure 4. Effect of parameter k on online shopping subpop-
ulation

number of online shoppers. A larger value of k and a smaller
value of # lead to an increase in the online shopper population,
indicating that more frequent promotional content creation by
influencers expands the reach of online shopping, while longer
lasting promotional effects help sustain it over time. The impli-
cation is that marketing strategies should balance frequency and
longevity of content, as frequent posts increase exposure, while
high quality, evergreen content maintains consumer interest and
purchase behavior in the long run. Furthermore, minor devia-
tions in transient dynamics, such as oscillations before stabiliza-
tion, highlight the sensitivity of the system to parameter choices,
particularly the growth rate &k and the decline rate ¢, but they do
not alter the long term stability conditions.

The findings of this study are consistent with prior re-
search. Liu [21] emphasizes the role of influencers in shaping
consumer purchasing decisions, while Lailia and Andriana [22]
and Yoebrilianti [23] highlight how online promotions and social
media strategies enhance consumer interest and purchase inten-
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Figure 5. Effect of parameter 6 on online shopping subpop-
ulation

tions. These similarities validate the robustness of the proposed
model in capturing real consumer dynamics under the influence
of beauty influencers.

4. Conclusion

This study proposed a novel mathematical model to de-
scribe the dynamics of online shopping behavior under the in-
fluenced of beauty influencers. The model introduces a feedback
mechanism between online shoppers and promotional content,
capturing how influencers activity accelerates consumer adop-
tion while the decline of promotional content reduces it. The
analysis revealed the existence of two possible long term condi-
tions: the absence of online shopping activity and the persistence
of online shopping adoption. The transition between these con-
ditions depends on the relative balance between the growth and
decline of promotional content as well as the behavioral shifts
of consumers between offline and online shopping. Numerical
simulations demonstrated that an increase in the growth of pro-
motional content, accompanied by a decrease in its decline, en-
hances the long term prevalence of online shopping. These find-
ings highlight the strategic role of influencer based marketing in
shaping consumer dynamics.

From a practical perspective, these results provide strategic
insights for e-commerce platforms, brands, and marketing agen-
cies. Specifically:

1. Sustained Engagement
Maintaining a continuous stream of relevant and creative in-
fluencers content can extend consumer interest and reduce
the decline rate 6.

2. Targeted Campaigns
Allocating resources to influencers who closely align with
brand identity can amplify the effect of k, accelerating the
growth of the online shoppers base.

3. Consumer Retention Strategies
Addressing issues that drive online shoppers back to offline
shopping (e.g., delivery delays, product quality mismatches)
can reduce 4, strengthening the long term stability of online
shopping adoption.

These managerial insights highlight how mathematical
modeling can be applied not only for theoretical understanding
but also for designing data driven, influencers based marketing
strategies that maximize long-term customer conversion and re-
tention.
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