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Abstract. Patriotism is a changing, complex force inside a nation, whose manifes-
tations are determined by factors as diverse as success in sports, scientific discov-
eries, cultural pride, economic development, and the presence of national heroes.
This study develops a generalized mathematical model for patriotism as the sum of
these effects, both emotional and enduring. In particular, the model records surges
in patriotism after major sporting victories due to the transience of these surges, for
instance, after the victory of the Indomitable Lions or the boxing exploits of Fran-
cis Ngannou. In contrast, the model also underlines the long-lasting characteristics
of patriotism shaped by scientific progress, such as a Cameroonian being ranked
high in mathematics, cultural legacy, infrastructure expansions, and economic de-
velopment. The sports effect is a series of ephemeral spikes in patriotic sentiment
triggered by importance and emotional resonance. In contrast, both the science and
infrastructure effects are slowly cumulative processes that build a longer founda-
tion of national pride. These effects, alone and in combination, are shown in the
visualizations of their contributions to patriotism over time. This work emphasizes
the importance of acknowledging and effectively harnessing these myriad influ-
ences for a strong, cohesive nation. The insights are actionable, helping leaders to
stimulate a rational yet productive sense of patriotism that is engaged with national
development, starting with emotional stimuli but progressing to more permanent
investments.
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1 Introduction

Patriotism is not only the heart of national integrity, but it is also a prerequisite for
any society to be united, to have a collective identity, and to develop. For Cameroon
a multicultural country that is rich in both natural resources and human capital, patri-
otism is a both need and a challenge. These pursuits are counterbalanced with socio-
political struggles like tribalism, economic disparities and regional tensions, but the
country has seen some sense of unity through its sports, achievements in science and
cultural preservation in the international sphere. This dynamic shapes the strength
and direction of patriotism and speaks to the complexity of factors that shape na-
tional pride [2–4, 7]. This study presents a mathematical model which can help quan-
tify and analyze some important drivers of patriotism in Cameroon. Some of these
included sporting achievements, global recognition of sport personalities including
Francis Ngannou; scientific advance in the promotion of global mathematicians as ex-
emplified by Prof. Abdon Atangana; the influence of cultural festivals, socio-economic
development and also on the deleterious effects of tribalism. The model could be able
to capture these dynamics, rendering the temporal transformation of patriotism dis-
cernible, and highlighting the relative impact of each factor in shaping the overall
trajectory. This work aims to provide policymakers with a scientific basis on which
to create impactful programs. In seeking to invest in areas of pride that can foster
national unity while diminishing the numbing hatred that divides us, and building
on the gooey aftermath of the summer to invest in the continuing benefits of sport,
science and cultural achievements, such strategies would serve a useful purpose.

2 A Mbayu’s mathematical model of patriotism

2.1 Motivation

This passion for national pride must serve as the basis for national unity and socio-
economic progress in Cameroon. Longevity, however, has run hand-in-hand with the
culture of corruption, there is a rich tapestry of history in Cameroon which has pro-
duced cultural diversity, elite performance and intellectual brilliance, but these pillars
have failed to take root as a ubiquitous nationalistic tree. Times of pride as a peo-
ple, like when Francis Ngannou won in boxing or when the world acknowledged the
talents of Cameroonian mathematics scientists. These moments should hold promise
of uniting Cameroon as a country. Still, tribalism, minimal public investment in sci-
ence and education and socio-economic inequality remain obstacles to a coherent na-
tional identity. This paper is born out of two pressing needs: to discover and measure
what accounts for patriotism in Cameroon and to supply policymakers with a frame-
work for evidentially based decision making. National documents are distinguished
through the nature of their positive effect, while national divides, such as tribalism,
provide insight into review-able ideas to engender patriotism.
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2.2 Mathematical model

A sense of pride in belonging in these events and achievements among people is the 
foundation of national identity and unity which shapes patriotism, a diverse set of 
events that shape patriotism. These span from sweeping victories in international 
competitions or enduring collaborative completion of major projects to hosting the 
world’s most prestigious sports events that glories the country and unites the citizens 
in pride and celebration. Recognition of a nation’s cultural and artistic talents of its 
artists, musicians and writers on the world stage only reaffirms the scope and wealth 
of its heritage and traditions [1, 5, 6, 8]. Likewise, great technologies and sciences, as 
well as world-class scientists and other scientific awards, represent the science and 
technology competitiveness of a country, generating admiration and belief in the fu-
ture of a country. Any wins on the political or diplomatic front like hosting power-
ful summits, or solving crises with strong leadership showcase national strength and 
place the country within the international context. Historical commemorations, in-
dependence or monumental achievements celebrated together are memorialization of 
what the citizens have gone through as a shared history, and large-scale economic cel-
ebration, infrastructure works, trade are seeds or symbols that demonstrate the will 
and the possibility for a better life. During seismic national crises, acts of humani-
tarianism and social unity further cultivate that spirit of compassion and collective 
resilience. Military victories and participation in peacekeeping efforts are indication 
of a country’s commitment to sovereignty and international stability, whereas edu-
cational achievements and advancements in research demonstrate its investment in 
future generations. A nation’s obligation to protect its natural heritage for posterity 
is underscored by environmental conservation initiatives and leadership in sustain-
ability. And lastly are the responses to challenges, be they internal or external to the 
society, which unite the people towards a common goal, be it fighting corruption or 
poverty; these are living proof of the lasting strength of unity and collaboration. Such 
features act as great contributors, together enhancing a strong sense of patriotism that 
contributes an even more profound force, translating into national attachment, one of 
the strongest drivers of patriotism.

2.3 A mathematical model

Here we start with a simple mathematical model. This model will represent the effect 
of sport on patriotism. The model will involve identifying some key factors that are 
known to influence patriotism and how they are affected by sports. Let p(t) be the 
patriotism level. This is a measure of national pride changing as a function of time. 
δ(t) be the sport events influence. This is the impact of sporting events on patriotism, 
this will include, the frequency type in international competitions. M(t) is the media 
influence. The role of media coverage in amplifying the connection between sports 
and patriotism.

E(t) social engagement: Discussions estimated by sports events and community 
activities.
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A(t) national achievement: This is about the success of athletes or teams on a na-
tional continental or international level. A simple mathematical model is given by

dp(t)

dt
= αδ(t) + βM(t) + γE(t)− λp(t). (2.1)

Here α, β and γ are factors representing the sensibility of patriotism to sports events,
social engagement and media influence respectively. λ is the natural decay of height-
ened patriotism over time. We shall note that for sports events influence δ(t),

δ(t) =
N

∑
i=1

(

wi Ai(t)
)

, (2.2)

where Ai(t) is the achievement event i and wi is its weight, reflecting its importance
for example a world cup against local tournament.

Media influence M(t) = h1 (media coverage intensity, sentiment analysis of the
coverage).

E(t) = h2 (event participation rate, discussions on social media). Now to highlight
how the win of sports figure will impact patriotism in a country, we can simplify the
above equation to simple one. Here, we will focus on how such a win can impact
national pride and translate into measurable patriotism p(t)

dp(t)

dt
= α1δ(t) + α2M(t)− λp(t), (2.3)

where δ(t) influence the sports victory for example a world cup win, continental cup
win, boxing match win or other tournaments. δ(t) accounts for a pulse function to
represent a significant event like Ngannou’s win. The above equation can be solved
by using the integrating factor since δ(t) and M(t) are known functions. We let

µ(t) = exp(λt), (2.4)

exp(λt)
dp(t)

dt
+ λ exp(λt)p(t) = exp(λt)

(

α1δ(t) + α2M(t)
)

such that
d

dt
[exp(λt)p(t)] = exp(λt)

(

α1δ(t) + α2M(t)
)

. (2.5)

Integrating, we get

exp(λt)p(t) − exp(λt0)p(t0) =
∫ t

t0

exp(λτ)
(

α1δ(τ) + α2M(τ)
)

dτ. (2.6)

That is to say,

p(t) = p(t0) exp
(

λ(t − t0)
)

+ exp(−λt)
∫ t

t0

exp(λτ)
(

α1δ(τ) + α2M(τ)
)

dτ. (2.7)
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For a special case, we set δ(t) and M(t). This case can be justified by the following
arguments.

Consistent sporting engagement or infrastructure. Here for δ(t), the country con-
sistent by hosts a similar level of sporting activities or even a country achieves sta-
ble performance in international sports event over a certain period, thus δ(t) can be
considered as a constant. A practical example is like Cameroon consistently quali-
fies for and performs in major tournament like the Africa Cup of Nations or the FIFA
World Cup. In this case the patriotism boost from mentioned event stays relatively
unchanged year after year. For M(t), one will consider the stable media engagement.
This is when the most national influential media constantly broadcasts patriotic con-
tent such as national achievements, including major sports victories, in this case M(t)
could be considered as a constant. In these cases

p(t) = exp(−λt)

[

exp(λt0)p(t0) +
α1δ0 + α2M0

λ

(

exp(λt)− exp(−λt0)
)

]

. (2.8)

Here the decay term −λp(t) presents a stabilizing effect since it pulls p(t) back toward
a steady-state over time.

peq =
α1δ + α2M

δ
. (2.9)

If λ > 0, the equilibrium is stable

lim
t→∞

p(t) → peq. (2.10)

If δ(t) and M(t) are time-dependent for example they can be periodic oscillatory,
exponential, then patriotism remains unchanged. This sets as a fundamental level.
The solution of the proposed model will be comprehensively illustrated and detailed
through the visual representations provided in Figs. 1 and 2, presented below. These
figures aim to depict and analyze the significant levels of patriotism that arise as a re-
sult of remarkable sports achievements, such as the recent victory of Ngannou, which
has served as source of immense pride and unity among people.

The graphs also show a significant drop in the level of patriotism associated with
sports victory over time. This is largely because of the type of patriotism born from
such occasions, which, though it can stir and galvanize the population and amplify
a sense of pride in the nation, is often ephemeral. The temporal nature of the ef-
fect is primarily due to the fact that the patriotism induced by sports victories, while
strongly felt in the moment,is fundamentally sentimental. It is fueled by the deluge
of euphoria, solidified by the singular moment of collective jubilation by a sport com-
ing together around a big win too close to home like Ngannou’s stunning takeover.
Yet, with the fading of emotional intensity, the unifying effect weakens, and society’s
comforting social glue becomes increasingly routine. It is only ever so briefly that
the world displays a grateful commonality of purpose, a sort of “do not play with
us” sentiment and filtering out these moments is the key to finding them again and
building something sustainable out of them. These graph therefore demonstrates the
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Figure 1: Ngannou’s victory sparked a surge of national pride that, while intense and widespread at first,
exhibited an exponential decay over time its influence on patriotism gradually diminishing as public attention
shifted and everyday concerns resumed.

transient nature of the boost to patriotism at the same time highlighting the influence
of sustaining such effects through reinforcement strategies, for example media cov-
erage, public events and community engagements. The proposed patriotism model,
although comprehensive and considering various dynamic interactions contributing
to the development of patriotism, has several limitations: It simplifies the extremely
complex and subjective nature of patriotism into several measurable classes without
accounting for psychological, emotional, and historical factors, nor for individual or
regional variations; it assumes constant parameters such as α and γ, which could
change over time as a result of changes in societal dynamics, political leadership, or
economic conditions; it omits the effects of external shocks or crises such as wars,
pandemics, or global economic crises that could drastically change one’s patriotism;
and over-simplifies the negative impacts class, leaving out factors such as political
polarization or international pressures; it assumes linear interactions between classes,
when these relationships could contain nonlinear feedback or diminishing returns; it
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Figure 2: Temporal evolution of patriotism influenced by key national events: Impact of sports victories,
scientific milestones, and cultural achievements on collective national sentiment.

is based on a generalized view of patriotism that might not apply universally across
various countries or cultures, ignoring cultural and historical differences; it ignores
contributions at the individual level and grassroots movements that can influence pa-
triotism; and it the dynamics of patriotism as simplistically, under-representing the
complications of feedback loops and non-linearity, where the increase of one type of
patriotism could bring impact to another in unexpected ways. The model also has
its merits in that it can capture the interplay across different species of patriotism
and how one domain (e.g. social pride) can have a positive effect on others, for in-
stance, scientific pride and economic pride. It represents a network of patriotism, real-
izing that victories in one sector (such as economic growth or scientific advancement)
would enrich national pride in other sectors. Furthermore, the model considers the
effects of dynamic negative factors, like corruption and injustice, on patriotism, show-
ing the progressive erosion of patriotism across several classes due to its decay from
an imbalanced situation. Lastly, it intends to mirror the diverse and complex nature
of patriotism, acknowledging how patriotism is affected by national successes as well
as failures and individuals that oppose national identity, thereby providing a concep-
tual basis for examining patriotism as seen through the social ladder within the varied
cultural landscape of countries like Cameroon. It also offers an important perspective
for understanding the evolution of something as generally positive as patriotism, as
in this case, it both helps analyze the turn of one society but also brings more light into
how complex societal dynamics can iterate.

3 A model with academic achievements

Here we present a simple model with an academic achievement. For example the
impact of a national figure that has achieved global recognition in a field like mathe-
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matics. This indeed introduces a significant factor to the model. This is also a factor
that elevates patriotism in multiple ways, particularly by inspiring pride in intellec-
tual achievement and showing the international relevance of a nation’s talent. We
shall now present a simple mathematical model. The academic achievement effect
can be modeled as a time-dependent variable. EA(t) represents the cumulative im-
pact of such achievement on national pride. The impact can be integrated into the
overall patriotism index p(t) as follows:

dp(t)

dt
= γδ(t) + λA(t) + ξEA(t)− ΩL(t). (3.1)

Here δ(t) is the impact of sports events A(t) is contributions of cultural and artistic
achievements. EA(t) scientific achievements, L(t) is the negative impact for example
economic struggles an so on. γ, λ, ξ and Ω are weights representative the relative
importance of each factor.

The characteristics of academic achievement effect, for example, being ranked
number 1 by the Stanford list of top 2%. It is a global recognition, being ranked num-
ber 1 in the world in mathematics indeed fosters national pride by associating the
country with intellectual excellence. An inspiration for education since such recog-
nition can indeed becomes a source of inspiration to younger generations to pursue
academic excellence, strengthening the national identity around education.

International relations: this positions the country as a global leader in academia,
this is also enhancing its soft power and influence. This effect tends to persist as time
passes by, in particular when celebrated widely with the country via media, educa-
tion reforms, and national events. Noting that for the academic achievement like be-
ing ranked number 1, the growth function with a term to reflect the long-term but
bounding the impact is considered.

pA(t) = A
(

1 − exp
(

− β(t − t0)
))

H(t − t0

)

, (3.2)

where A represent the maximum contribution to patriotism, this reflect the global im-
pact of being ranked number 1 or receiving a noble price or international award. β is
the growth rate of the effect, this factor shows how quickly the recognition spreads
and impacts national pride. Indeed, scientific achievement such as a noble price, be-
ing ranked number one in a specific subject in the world, foster a long-term and in-
clusive sense of patriotism by leaving a lasting legacy via advancements in education,
research and technology enhancing the global reputation of national institutions in-
spiring future generations and a sustained cultural and intellectual impact that will
transcends the fleeting emotional response typically associated with sports victories
which powerful are often tied to short-lives events and cyclical competitions. The
model can be enhanced by introducing more factors including cultural pride, dias-
pora influence, economic stability, political leadership, historical events, educational
awareness. In this case the model become

dp(t)

dt
= αδ(t) + βA(t) + γC(t)− δE(t) + ηD(t) + ξH(t)− µL(t). (3.3)
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Here A(t) is the academic accomplishments like being ranked number 1 in mathemat-

ics. D(t) is the diaspora influence, H(t) is historical celebrations or event. L(t) losses 
from political unrest or societal challenges. C(t) is cultural contributions, α, β, γ, δ, η, ξ
and µ are sensitivity coefficients. The numerical simulations are presented below 
(Fig. 2).

The simulation shows that the model integrates short-term spike representing 
sports wins, with long-term trends representing academic achievements while cap-
turing the social economic and cultural landscape of a country. The simulations illu-
minate the nuances of patriotism in Cameroon through passion for sports,driven by 
the nation’s victories within the same context and through an ingrained call to seize 
academic achievements through steadfast hard work as contributions to Cameroon’s 
success across time. It embodies the idea that the collective identity of the Cameroo-
nian people is formed over time through their persistence in rooting for athletes who 
stand shoulder stand with defenseless humans on the world stage, as well as by prais-
ing and rewarding other scholars and innovators whose endless work creates change 
in the long term. It embodies signing a nation answerable about the rule of sports 
highlights not simply each day unify moments, yet additionally the longer term ed-
ucational accomplishments of scholars preparations its several establishments. These 
forms of patriotism, quite simply, represent the essence of Cameroon,a nation that 
brings together the spirit of competition, the ability to dream big and the pride of we 
are well-rounded thinkers.

A potential new mathematical model can be expressed as

p(t) = pbaseline(t) + A(t) + δ(t) + C(t) + E(t) + D(t)

+ V(t) + Q(t) + Y(t) + M(t) + L(t) + S(t), (3.4)

where D(t) is the total patriotism at time t. pbaseline(t) is the baseline patriotism level
a country. S(t) is sports effect, A(t) is science effect, C(t) is cultural effect, E(t) is
economic growth effect, Y(t) is youth empowerment effect, D(t) is diasporal effect,
Q(t) is security and units effect, M(t) is media and technological effect and L(t) is
infrastructure and hand mark achievement. Noting that

S(t) = βS exp
(

− γS(t − tS)
)

H(t − t0), (3.5)

where βS represents the peak impact of a sport event, the parameter γS is a control of
decay rate, tS is the even time and H(t) is the Heaviside function.

A(t) = A0 exp
(

− γa(t − t0)
)

H(t − t0). (3.6)

The parameters are defined similarly as S(t).

E(t) = E0 ln
(

1 + g(t)
)

. (3.7)

The function g(t) is the growth rate of economy.

C(t) = ∑
j

βci j exp
(

− γi
ci j
(t − tci j)

)

, (3.8)
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which is the total effect of various cultural events as a function of time.

V(t) =
∫ t

0
ηyRy(τ)dτ. (3.9)

Here Ry(t) is the national youth focused initiatives over time.

D(t) = αdRd(t), (3.10)

where the function Rd(t) represents or reflects remittance and advocacy efforts.

Q(t) = βq exp(−γqt). (3.11)

The above function can be improved with reconciliation campaigns.

V(t) = αv ln
(

1 + pv(t)
)

, (3.12)

where pv(t) is the number of conservation projects.

M(t) = βm Im(t), (3.13)

where this function increases with viral campaigns.

L(t) = ∑
j

βli j exp
(

− γlij
(t − tlij

)
)

(3.14)

for major infrastructure or landmark events. Therefore, the overall patriotism is pre-
sented in this case by

p(t) = pbaseline(t) +
10

∑
i=1

Λi(t), (3.15)

where Λi(t) are component presented above.
The model considers only positive effects. The absence of negative contributions

for some factors may not be realistic for some countries since in many countries, cer-
tain aspects mentioned above can also have negative effects on patriotism, depending
on laws or circumstances. We shall present a modified model that includes tribalism.

dp(t)

dt
= pbaseline(t) + ΛS(t) + ΛA(t) + ΛC(t) + ΛE(t)

+ ΛY(t) + ΛD(t) + ΛQ(t) + ΛV(t) + ΛM(t) + ΛT(t). (3.16)

ΛT(t) is the rate of tribalism with positive and negative effects. For positive effect,
we have tribal diversity celebrated and integrated into national identity. This indeed
can foster national unity and pride. On the other hand, we have negative effects:
when tribal divisions lead to favoritism, discrimination, or conflict, this indeed erodes
patriotism, here

ΛT(t) = βT
IT(t)

1 + IT(t)
− δT

DT(t)

1 + DT(t)
. (3.17)
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Here IT(t) measures tribal inclusion effort as equitable policies, celebrations of diver-
sity, and cross-cultural collaborations. DT(t) measures tribal divisions, such as ethnic
conflicts, perceptions of inequality, or favoritism in governance. βT is the coefficient
of positive tribalism, and δT is the coefficient of negative tribalism.

ΛS(t) = βs exp
(

− γs(t − ts)
)

H(t − ts)− δs
Ls(t)

1 + Ls(t)
. (3.18)

The negative term Ls(t) represent the losses or scandals in sports.

ΛA(t) = βa exp
(

− γa(t − ta)
)

H(t − ta)− δa
Ra(t)

1 + Ra(t)
. (3.19)

Here negative contribution could come from lack of infrastructure.

ΛC(t) = ∑
j

βci j exp
(

− γcij(t − tcij
)
)

−∑
l

δcil

βcil
(t)

1 + βcil
(t)

. (3.20)

Here βcil
(t) reflects cultural erosion.

ΛE(t) = αe
d

dt
ln

(

1 + g(t)
)

− δE
U(t)

1 + U(t)
, (3.21)

where U(t) models unemployment or economic instability.

ΛQ(t) = γ+
q Q(t)− γ−

q Q(t), (3.22)

ΛM(t) = βm Im(t)− δm
Nm(t)

1 + Nm(t)
. (3.23)

Im(t) measures positive campaign and Nm(t) models negative propaganda or misin-
formation. Final completed model is given as

dP(t)

dt
= pbaseline + (positive terms)− (negative terms). (3.24)

Here positive terms capture growth factors that even include Victoria achievements,
unity and negative terms account for detractors. Here

P(t) =
∫ t

0
[pbaseline + (positive terms)− (negative terms)]dτ + Pinitial (3.25)

with Pinitial is the starting patriotism level. Numerical simulation are presented below,
see Figs. 3-7.
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Figure 3: Harnessing the power of sport, science, and culture for economic growth, youth empowerment,
and constructive tribal identity.

4 Analysis of a simple model

In this section, we consider the following simplified model:

dP(t)

dt
= αa A(t) + αsS(t) + αcC(t)− αTT(t) + αEE(t)− dP(t), (4.1)

dP(t)

dt
= 0 ⇒ P∗ = (αA A∗ + αsS

∗ + αcC∗ − αTT∗ + αEE∗)
1

d
, (4.2)

S∗, A∗, T∗ and E∗ are the steady-state values of the mentioned factors.
1) If αA A∗ + αsS

∗ + αcC∗ + αEE∗
> αTT∗, then P∗ will be stabilized at a positive

value. This means patriotism has reached a steady positive level which indicate a well-
managed balance of factors.
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Figure 4: Illustration of key sociopolitical and economic factors hindering national development, including
corruption, lack of recognition and cultural neglect, economic inequality, youth disenfranchisement, and
negative tribalism all contributing to systemic instability and underdevelopment.

2) If αTT∗
> αA A∗+αsS

∗+αcC∗+αEE∗, then P∗ will be stabilized at a negative or
unacceptably low value. This implies tribalism or other negative effects outweigh pos-
itive contributors leading to decline in patriotism. For the time dependent behavior

P(t) = P∗ +

t
∫

0

[αa A(τ) + αsS(τ) + αcC(τ)− αTT(τ) + αEE(τ)− dP(τ)]dτ. (4.3)

P(t) can growth exponentially (decay or growth). P(t) can oscillate. We note from the
steady state that

1) If αT > αA A∗ + αsS
∗ + αcC∗ + αEE∗, then P∗

< 0, the patriotism collapses.

2) If αT ≃αA A∗+αsS
∗+αcC

∗+αEE∗, then P∗≃0, we have neutral patriotism level.
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Figure 5: Oscillatory decay pattern illustrating the evolution of patriotism in Cameroon over time, reflecting
periods of resurgence and decline influenced by socio-political and historical events.

Figure 6: Trends in the key factors influencing patriotism over time, illustrating how social, cultural, eco-
nomic, and political components contribute to shifts in national identity and allegiance.

Figure 7: Overall dynamics of patriotism—illustrating how national loyalty evolves through the interplay of
cultural identity, historical memory, socio-political influence, and collective experience.
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3) If αT < αA A∗ + αsS
∗ + αcC∗+ αEE∗, then P∗

> 0 stable positive patriotism, then
the bifurcation occurs when

αT = αA A∗ + αsS
∗ + αcC∗ + αEE∗. (4.4)

a) We will have a saddle-node bifurcation if the contribution from αs, αA, αc, αE

and d belongs against αT, then the steady state patriotism value can switch between
unity and patriotism which is a positive stable state social disunity and tribalism dom-
inance which is a negative or low state.

b) Transcritical bifurcation AD, αT causes a critical threshold, patriotism transi-
tions from a positive to a negative steady-state, this indicates dominance for unity
to its unity.

Remark 4.1. Increasing αT for example rising sentiment of tribalism beyond the bi-
furcation threshold stabilizes patriotism. However, enhancing αs, αA, αc and αE can
stabilize patriotism at higher levels even with moderate tribalism.

4.1 Optimal control analysis

The model will becomes

dP(t)

dt
= αaUA(t)A(t) + αsUS(t)S(t) + αcUC(t)C(t)

− αTUT(t)T(t) + αEUE(t)E(t)− dP(t), (4.5)

where UA(t), US(t), UC(t), UT(t), UE(t) ∈ [0, 1] control variables that represent the
proportion of investment effort of a government applied to each factor at time t. We
suggest and objective function J with objective t0 maximize patriotism over a fixed
time horizon [0, t0b] while minimizing the causes associated to with the controls

J =
∫ t0b

0

[

P(t)−
λS

2
U2

S(t)−
λA

2
U2

A(t)−
λC

2
U2

C(t)−
λT

2
U2

T(t)−
λE

2
U2

E(t)

]

dt, (4.6)

where λS, λA, λC, λT and λE are weighting factors that represent the lost of applying
each control using the portraying maximum principle, we can solve the optimal con-
trol problem as

1) We formulate the Hamiltonian

H(t) = P(t) + λP

{

αaUA(t)A(t) + αsUS(t)S(t) + αcUC(t)C(t)

− αTUT(t)T(t) + αEUE(t)E(t)− dP(t)
}

−
λS

2
U2

S(t)−
λA

2
U2

A(t)−
λC

2
U2

C(t)

−
λT

2
U2

T(t)−
λE

2
U2

E(t), (4.7)

λP is the ad-joint variable associated with P(t).
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2) Solving the ad-joint equation

dλP

dt
= −

∂H

∂P
. (4.8)

3) Maximizing the Hamiltonian with respect to control

U∗
S(t) = min

(

max

(

λPαSS(t)

λS
, 0

)

, 1

)

, (4.9)

and doing similarity for U∗
A(t), U∗

C(t), U∗
T(t) and U∗

E(t). Here

U∗
T(t) = min

(

max

(

λPαTT(t)

λT
, 0

)

, 1

)

. (4.10)

For condition 2 we have that
∂H

∂P
= 1 − λPd. (4.11)

Therefore,
∂λP

∂t
= λPd − 1, (4.12)

which a first order linear equation with solution

λP(t) = C exp(dt) +
1

d
. (4.13)

To solve the state equation, ad-joint equation and optimal control simultaneously,
we set

dX(t)

dt
= f

(

X(t), U(t), t
)

, (4.14)

X(t) =
(

C(t), E(t), T(t), S(t), A(t)
)

,

U(t) =
(

UC(t), UE(t), UT(t), US(t), UA(t)
)

.

From the Pontryagin maximum principle

dλ

dt
= −

∂H

∂X
, (4.15)

where λ is the vector of ad-joint variable. The control is determined by maximizing or
minimizing the Hamiltonian

U
∗
(t) = arg max

U

H(X, λ, U, t) (4.16)

or
U∗(t) = arg min

U

H(X, λ, U, t). (4.17)
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The solution will be obtained via a numerical scheme [t0, t f ] is divided into M steps
size where X(t0) is the initial condition for stable variables, λ(t f ) set terminal condi-
tions for the ad-joint variables λ(t f ),























Xj+1 = Xj + ∆ f (Xj, Uj, tj),

λσ−1 = λj − ∆ f
∂H

∂X
,

U∗
j = arg max

U

H(Xj, λj, Uj, tj).

(4.18)

In case
dXP

dt
= λPd − 1. (4.19)

4.2 Numerical simulations and Interpretations

In this subsection, numerical simulations are conducted to examine the behavior of the
proposed simple model under different scenarios. The graphical results illustrate how
key factors such as sports achievements, academic advancements, economic growth,
and societal influences shape patriotism over time. Special attention is given to the
transient and long-term effects, highlighting the interplay between short-lived emo-
tional surges and sustained contributions to national pride. These visual representa-
tions provide valuable insights into the model’s predictive capabilities and its align-
ment with real-world patriotic dynamics, see Figs.8-12.

5 System of nonlinear equations

Indeed, by introducing a system of nonlinear equations with different classes adds
complexity and realism to the proposed model, because it allows to capture different
aspects or a group of patriotism contributors, for example social, scientific, cultural or
economic. Here each class can be used to represent a subset of the contributing factors
and the interactions between these classes can also be modeled explicitly. The classes
are suggested below.

PS(t) : Patriotism driven by social factor such that sport and cultural events.

PA(t) : Patriotism driven by achievement in science and education.

PE(t) : Patriotism driven by economic growth, employment and governance.

PN(t) : Negative impact driven by detractors of patriotism like corruption, trib-
alism and injustice.

The mathematical model is presented below

dPS(t)

dt
= rS

USS

1 + αSPS
+ γSAPA − δSN PN − dSPS, (5.1)
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dPA(t)

dt
= rA

UA A

1 + αAPA
+ γASPS + γAEPE − δSNPN − dAPA,

dPE(t)

dt
= rE

UEE

1 + αEPE
+ γESPS + γEAPA − δENPN − dEPE,

dPN(t)

dt
= βTT + βCCN + β j J + β I I − ηN PSPAPE − dN PN.

The model is made up with growth damping term.

Figure 8: Optimal time-dependent profiles of patriotism and control strategies illustrating the dynamic
balance between national loyalty and intervention measures for effective system regulation.

Figure 9: Sensitivity of patriotism to scientific achievements: A quantitative lens on how national pride
responds to advances in science and innovation.
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Figure 10: Sensitivity of patriotism to decay rate: Higher decay accelerates loss of patriotic sentiment over
time, highlighting the fragility of national attachment under adverse conditions.

Figure 11: Sensitivity of patriotism to sports performance, highlighting how national pride responds sharply
to international sports success or failure.

For growth terms USS/(1 + αSPS), UA A/(1 + αAPA), UEE/(1 + αEPE) are natural-
ization effects within each class γi, Pi are crossover positive influence for damping
terms δi, PN are negative factors reducing patriotism in other classes, diPi are natural
decay of patriotism in each class. Negative impacts are (T, CN, J, I) which are growth
from negative factors. ηN PSPAPE are dampened by the collective strength of positive
classes. T is tribalism, CN is corruption, J is injustice, I is inequality. rS, rA, rE are
growth factor. US, UA, UE are effort scaling factors that indicate how efficient efforts
(S, A, E) translate into patriotism. αS, αA, αE are represent the reducing patriotism lev-
els (PS, PA, PE). γij are positive influence, δij are negative impacts of PN on each class.
di are natural decay of tribalism, corruption, injustice and inequality to PN.

βi contribution of T, CN, I and J to PN, ηN mitigating effect of positive classes
(PS, PA, PE) on negative factors.

Due to non linearity of the model, equilibrium points can be explicit obtained using
the Newton’s method. However, we have

S∗ =
(dsP∗

S − γSAP∗
A + δSN P∗

N)(1 + αSP∗
S )

rSUS
, (5.2)

A∗ =
(dAP∗

A − γASP∗
S + δAEP∗

E + δANP∗
N)(1 + αAP∗

A)

rAUA
,
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Figure 12: Steady-state analysis illustrating critical thresholds for the transmission of patriotism, highlighting
the conditions under which the system transitions from low to high prevalence of patriotic sentiment in the
population.

E∗ =
(dEP∗

E − γESP∗
S − γEAP∗

A + δENP∗
N)(1 + αEP∗

E)

rEUE
,

P∗
N =

βTT + βCCN + β J J + β I I − ηN P∗
S P∗

AP∗
E

dN
.

We set

f1(PS, PA, PE, PN) = rS
USS

1 + αSPS
+ γSAPA − δSNPN − dSPS, (5.3)

f2(PS, PA, PE, PN) = rA
UA A

1 + αAPA
+ γASPS + γAEPE − δSNPN − dAPA,

f3(PS, PA, PE, PN) = rE
UEE

1 + αEPE
+ γESPS + γEAPA − δENPN − dEPE,

f4(PS, PA, PE, PN) = βTT + βCCN + β j J + β I I − ηN PSPAPE − dN PN.

J =



















−rSUSSαS

(1 + αSP∗
S )

2
− ds γSA 0 −δSN

γAS
−rAUA AαA
(

1 + αAP∗
A

)2
− dA γAE −δAN

γES γEA −rEUEEαE −δEN

−ηN P∗
AP∗

E −ηN P∗
S P∗

E −ηN P∗
S P∗

A −dN



















. (5.4)
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5.1 Existence and uniqueness

To apply the fixed-theorem for existence, we reformulate the differential equations
into their integral form. We then reformulate the system as

PS(t) = PS(0) +
∫ t

0

(

rS
USS

1 + αSPS
+ γSAPA − δSN PN − dSPS

)

dτ, (5.5)

PA(t) = PA(0) +
∫ t

0

(

rA
UA A

1 + αAPA
+ γASPS + γAEPE − δSNPN − dAPA

)

dτ,

PE(t) = PE(0) +
∫ t

0

(

rE
UEE

1 + αEPE
+ γESPS + γEAPA − δENPN − dEPE

)

dτ,

PN(t) = PN(0) +
∫ t

0
(βTT + βCCN + β j J + β I I − ηN PSPAPE − dN PN)dτ.

We put

T(P) = P(0) +
∫ t

0
F
(

τ, P(τ)
)

dτ, (5.6)

where

P(0) =
(

PS(0), PA(0), PE(0), PN(0)
)

, (5.7)

F
(

t, P(t)
)

= ( f1, f2, f3, f4) (5.8)

with
P(t) = (PS, PA, PE, PN). (5.9)

f1, f2, f3 and f4 are continuous since 1 + αSPS, 1 + αAPA, 1 + αEPE are positive values.

∂ f1

∂Ps
= −

rSUSS

(1 + αSPS)2
− ds,

∂ f1

∂PA
= γSA,

∂ f1

∂PE
= 0,

∂ f1

∂PN
= −δSN, (5.10)

∂ f2

∂Ps
= γSA,

∂ f2

∂PA
= −

rAUA AαA

(1 + αAPA)2
− dA,

∂ f2

∂PE
= γAE,

∂ f2

∂PN
= −δAN,

∂ f3

∂Ps
= γES,

∂ f3

∂PA
= γAE,

∂ f3

∂PE
= −

rEUEEαE

(1 + αEPE)2
− dE,

∂ f3

∂PN
= −δEN,

∂ f4

∂Ps
= −ηN PAPE,

∂ f4

∂PA
= −ηN PSPE,

∂ f4

∂PE
= −ηN PSPA,

∂ f4

∂Ps
= −dN .

This shows that T is Lipschitz conditions exists K such that P1 6= P2 solutions of the
system

|T(P1)− T(P2)| < K|P1 − P2|, (5.11)

for the Lyapunov’s direct method, we choose the following function:

V(P) = P2
S + P2

A + P2
E + P2

N. (5.12)

Then

dV

dt
= 2

.
PsPs + 2

.
PAPA + 2

.
PEPE + 2

.
PN PN,
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= 2

(

Ps

(

rS
USS

1 + αSPS
+ γSAPA − δSN PN − dSPS

)

+ PA

(

rA
UA A

1 + αAPA
+ γASPS + γAEPE − δSNPN − dAPA

)

+ PE

(

rE
UEE

1 + αEPE
+ γESPS + γEAPA − δENPN − dEPE

)

+ PN

(

βTT + βCCN + β j J + β I I − ηN PSPAPE − dN PN

)

)

= 2

(

rS
USSPs

1 + αSPS
+ γSAPAPs − δSNPN Ps − dSP2

S

+ rA
PAUA A

1 + αAPA
+ γASPAPS + γAEPAPE − δSN PAPN − dAP2

A

+ rE
PEUEE

1 + αEPE
+ γESPEPS + γEAPEPA − δENPEPN − dEP2

E

+ βTTPN + βCCN PN + β j JPN + β I IPN − ηN PSPAPNPE − dN P2
N

)

= 2

(

rS
USSPs

1 + αSPS
+ γSAPAPs + rA

PAUA A

1 + αAPA
+ γASPAPS + γAEPAPE + rE

PEUEE

1 + αEPE

+ γESPEPS + γEAPEPA + βTTPN + βCCNPN + β j JPN + β I IPN

)

= 2
(

δSNPN Ps + dSP2
S + δSNPAPN + dAP2

A + δENPEPN

+ dEP2
E + ηN PSPAPN PE + dN P2

N

)

= 2Λ1(t)− 2Λ2(t). (5.13)

So, we get
dV(t)

dt
< 0 ⇒ Λ1(t) < Λ2(t), ∀ t ∈ [0, T]. (5.14)

Alternatively, we can consider the following function:

V (P) = WsP2
S + WAP2

A + WEP2
E + a1PSPA

+ a2PAPE + a3PEPN + a4PSPN, (5.15)

where a1, a2, a3, a4 coefficients representing the interactions between the chosen pop-
ulations PS, PA, PE, PN while WS, WA, WE and WN are positive weight. We note that

dV

dt
=

∂V

∂PS

dPS

dt
+

∂V

∂PA

dPA

dt
+

∂V

∂PE

dPE

dt
+

∂V

∂PN

dPN

dt
, (5.16)

∂V

∂PS
= 2WsPS + a4PA + a4PN, (5.17)
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∂V

∂PA
= 2WAPA + a1PS + a2PE,

∂V

∂PE
= 2WEPE + a2PA + a3PN,

∂V

∂PN
= 2WN PN + a3PE + a4PS,

replacing yield

dV

dt
= (2WsPS + a4PA + a4PN)

dPS

dt

+ (2WAPA + a1PS + a2PE)
dPA

dt

+ (2WEPE + a2PA + a3PN)
dPE

dt

+ (2WN PN + a3PE + a4PS)
dPN

dt
, (5.18)

then

dV

dt
= (2WsPS + a4PA + a4PN)

(

rS
USS

1 + αSPS
+ γSAPA − δSNPN − dSPS

)

+ (2WAPA + a1PS + a2PE)

(

rA
UA A

1 + αAPA
+ γASPS + γAEPE − δSNPN − dAPA

)

+ (2WEPE + a2PA + a3PN)

(

rE
UEE

1 + αEPE
+ γESPS + γEAPA − δENPN − dEPE

)

+ (2WN PN + a3PE + a4PS)(βTT + βCCN + β j J + β I I − ηN PSPAPE − dN PN)

= Λ(t)− Λ(t), (5.19)

dV

dt
< 0, if Λ(t) < Λ(t).

5.2 Numerical solutions

In this section, we present the numerical solutions to the system of nonlinear equa-
tions that describe the dynamics of patriotism influenced by various contributing fac-
tors. The model includes four distinct classes, each representing different aspects that
contribute to the overall sense of patriotism within a society. To analyze the model,
we employ numerical methods to approximate the solutions to these equations. The
results provide insights into how patriotism evolves under different conditions, high-
lighting the relative importance of social, scientific, economic, and negative factors.
The graphical representations generated from these numerical solutions will offer a vi-
sual understanding of the model’s dynamics over time, demonstrating how each fac-
tor influences the collective sense of patriotism. In the following, we will present the
numerical solutions below via Figs. 13-19.
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Figure 13: Temporal evolution of patriotism class levels, illustrating the dynamics of critical thresholds
required for the transmission and persistence of patriotic sentiment within a population.

Figure 14: Phase portrait illustrating the critical thresholds for the transmission dynamics between social
patriotism and scientific patriotism.

6 Conclusion and recommendations

This research highlights the reciprocal relationship between temporary and perma-
nent attributes that influence national pride. Whereas emotional patriotism based on
sports successes can be creating intense and sudden discharges of pride in the coun-
try, they are ephemeral and fade over time. In contrast, lasting patriotism creates
a sense of national unity, producing a culture based on science, infrastructure de-
velopment, cultural heritage, and economic growth and extending over generations.
Strategically understanding the two dimensions of both can help unify a fragmented
society put together. Emotional patriotism can then be reinforced by leveraging suc-
cesses in sports like the Indomitable Lions and global successes like Francis Ngan-
nou. Sports, especially during such moments of national pride, need to be celebrated
publicly and through the media, and the certain governance of sports development
and programs for youth, the activities that can pull the young people together,should
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Figure 15: Phase portrait illustrating critical thresholds for the transmission dynamics of social versus
economic patriotism.

Figure 16: Phase portrait illustrating the relationship between social impact and negative impact of patrio-
tism, highlighting critical thresholds for patriotism transmission.

also be pushed more. Organizing international tournaments, investing in talent de-
velopment and being able to unite the citizens with high emotions by activating the
patriots around a national project can create a kind of ripple effect of patriotism, as
these sentiments have far-reaching implications beyond the limitations of the sports
basement. In order to build lasting nationalism, state funds should be used to invest
in scientific research, infrastructure, cultural preservation and also economic develop-
ment. Arriving at this realization means that major public celebration of such scien-
tific contributions by Cameroonians is needed to inspire the younger Cameroonians,
showcase Cameroon context as a center of innovation and intellectual leadership. In-
frastructure investments can lead to improved transportation, healthcare, and educa-
tion, which directly enhances citizens’ quality of life and instilling a sense of national
pride in progress! In addition, enhancing and documenting Cameroon’s diverse cul-
tural heritage by means of festivals, museums, cultural exchange programs can help
further entrench the population’s bond with their identity. Patriotism is fleeting, one
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Figure 17: Positive and negative contributions to patriotism over time, illustrating critical thresholds in the
transmission dynamics of patriotic sentiment.

Figure 18: Bifurcation diagram showing the relationship between social patriotism and growth rate, high-
lighting critical thresholds for the transmission of patriotism.

of those emotions that relies on inspirational figures to bridge the gap to something
longer lasting. The government must also use its platform to promote such individ-
uals and promote opportunities of their achievements at national level programs and
in educational curriculum and initiate the display of leadership and excellence in all
sectors. This can inspire fellow citizens to follow in the footsteps of these role models
and help build the nation. Striking a nuanced balances all-important, so as to make
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Figure 19: Sensitivity analysis showing the critical thresholds for patriotism transmission as a function of
interaction strength versus social patriotism.

the most of the positive features of both types of patriotism. The government needs
to align short-term emotional triggers (like sporting events) with long-term develop-
mental projects. Public campaigns celebrating sporting success could also promote
scientific achievement or infrastructure success, presenting a full picture of national
excellence. Lastly, it is important to keep monitoring and evaluating the impact of
these efforts. The government is well advised to develop tools to gauge the level of
patriotic sentiment-nationwide surveys and backs surveys of data analytic are all pos-
sibilities. Such insight scan inform, adjust policies and programs so they respond to
citizens and meet the intended purpose of said policies and programs.

In conclusion, Cameroon’s government must understand that emotional patrio-
tism inspired by sport may be fleeting, yet it is a forceful agent of national unity. Sus-
taining and deepening this patriotism will require long-range investments in science,
infrastructure, culture and economic development. Cameroon can develop a deep,
sustainable feeling of national pride with the right mix of these approaches that bene-
fits the citizens and encourages progress, resiliency and unity among its people.
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