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            A Note from the Editor’s Board 

As Taiwan's economy moves toward Southeast Asia and Taiwan's ties with the 

international community become closer and closer, Volume 17 sheds light on the Cambodia and 

Russo-Ukrainian War. YMC Management Review is published following the regular step. 

Editor’s board thanks all the contributors. 

This number of the YMC Management Review contains three papers. The first article 

discloses the microfinance in Cambodia, highlighting the discrepancies between its 

implementation and the original principles of microfinance as envisioned by Muhammad 

Yunus. This work contributes to the understanding of potential economic growth in Cambodia. 

The second article discuss the commonly seen issue when applying regression analysis. Authors 

focus on the multicollinearity in moderated multiple regression and offer suggestion to the data 

processing. That benefits and reminds our readers on the use of widely applied methodology. 

Finally, the third article uses the game theory to discuss the Russo-Ukrainian War that has lasted 

more than one year and received much attention.  

The YMC Management Review publishes two numbers each year. The first number 

publishes in English in October and the second number discuss mainly in Chinese in November 

of the year. We welcome all articles ready for submission, regarding the practical management 

discussion or management cases study.  

 

Editor-in-Chief 
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Abstract 

Cambodia experienced robust economic growth in the 2010s, but the COVID-19 pandemic caused a 

significant economic contraction in 2020. Despite a strong vaccination campaign and subsequent economic 

recovery, poverty remains a critical issue, with a significant portion of the population living in or vulnerable to 

poverty. Microfinance has been promoted as a key tool for poverty alleviation; however, Cambodia's microfinance 

sector faces challenges such as high interest rates, collateral requirements, and over-indebtedness among 

borrowers. This paper explores the history and current state of microfinance in Cambodia, highlighting the 

discrepancies between its implementation and the original principles of microfinance as envisioned by Muhammad 

Yunus. It calls for reforms to lower interest rates, adopt more humane debt collection practices, and integrate 

microfinance with social security systems to better support those in need. These measures are essential to ensure 

that microfinance can effectively contribute to poverty reduction and sustainable economic growth in Cambodia. 

Keywords: Cambodia, COVID-19, Microfinance Institutions (MFIs), Financial Inclusion, Poverty Alleviation. 
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1. Introduction 

In the 2010s, Cambodia experienced strong economic growth. However, the outbreak of the COVID-19 

pandemic at the end of 2019 led to an economic growth rate of -3.14% in 2020, marking the first instance of 

negative growth since the early 1990s. Fortunately, with over 98% of adults vaccinated with two doses, Cambodia 

ranked second globally, just behind Taiwan, in the COVID-19 recovery index published by Nikkei Asia in early 

2022 (Li, 2022). The government's policy of coexisting with COVID-19 is expected to lead to economic growth 

of 5.5% in 2023 and 6.0% in 2024, returning to near pre-pandemic levels (ADB, 2023). 

However, the benefits of Cambodia's economic growth over the past 20 years have not been evenly distributed 

among all its citizens. According to estimates from the United Nations Development Program (UNDP), although 

the poverty rate has been declining since 2014, 16.6% of the population still lived below the national poverty line 

in 2022 (Khmer Times, 2023). Cambodia's official definition of the poverty line in 2020 was an income of less 

than 10,951 riel per person per day, which equates to less than 2.7 USD per day (World Bank, 2022: 27). 

Nevertheless, according to the Global Multidimensional Poverty Index (MPI) published by the Oxford Poverty 

and Human Development Initiative (OPHI), which assesses poverty based on health, education, and living 

standards, 4.1% of the Cambodian population was living in severe poverty, and 20.5% were vulnerable to poverty 

in 2023 (OPHI, 2023). The latter group hovers around the poverty line and can easily fall into deeper poverty due 

to factors such as illness, accidents, unemployment, or crop failures caused by natural disasters. In other words, it 

is estimated that over 2.4 million Cambodians are at risk of falling into a poverty trap.   

2. Historical Context and Microfinance Initiatives 

Since the 1990s, international development institutions like the World Bank have identified poverty reduction 

or eradication as one of the primary goals of official development assistance (ODA). This goal was later 

incorporated into the United Nations Millennium Development Goals (MDGs) and Sustainable Development 

Goals (SDGs). The World Bank and its affiliate, the International Finance Corporation (IFC), regard microfinance 

as an effective tool for poverty alleviation and have actively promoted it. 

Why is this the case? Poor people often do not qualify for commercial bank loans due to a lack of stable assets 

and income. Microfinance institutions (MFIs) specifically target these individuals, providing small loans that 

enable them to engage in business and agricultural activities, thereby promoting employment and increasing 

income, ultimately helping them escape poverty. The Bangladeshi economist Muhammad Yunus exemplified this 

concept by founding Grameen Bank, which improved the economic conditions of rural women in Bangladesh and 

earned him the Nobel Peace Prize in 2006. Yunus firmly believed that "the poor always repay their debts" and that 
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"given the opportunity, they will seize the chance to improve their circumstances" (Dowla and Barua, 2006). 

Grameen Bank provides poor people with access to financial markets, breaking the cycle of extreme poverty. This 

expansion of financial services to previously neglected individuals and small enterprises has recently been referred 

to as financial inclusion. 

3. The Evolution of Microfinance in Cambodia 

Microfinance (credit) as a tool for poverty eradication began to receive support from international 

organizations such as UNICEF, the ILO, USAID, the French Development Agency (AFD), and other large 

international NGOs in Cambodia in 1989. These organizations provided microloans to rural residents. Following 

Cambodia's transition to peace in the early 1990s, even more international organizations and NGOs began 

implementing rural credit programs. 

In 2000, the National Bank of Cambodia (NBC), the country's central bank, issued an administrative order 

requiring non-profit organizations with a capital of more than 250 million riels (approximately $62,500 today) 

involved in microcredit to apply for a microfinance institution license. Many microfinance programs originally 

executed by NGOs became independent financial institutions. For example, ACLEDA Bank, currently the largest 

bank in Cambodia by assets and branches, originated from an NGO funded by the ILO and UNDP. It transformed 

into a commercial bank in 2003. Other significant MFIs, such as SATHAPANA Bank, followed similar paths, 

transitioning from NGOs to microfinance institutions and eventually to commercial banks while continuing to 

offer small loans. 

According to NBC statistics, by the end of 2020, Cambodia had 79 microfinance institutions (MFIs) with a 

total of 749 branches and service points. This figure excludes three now commercial banks—ACLEDA, 

SATHAPANA, and HATTHA—that were former MFIs and were still permitted to offer small loans after 

transformation. The number of MFIs rose to 87 at the end of 2023, though two major MFIs transitioned into 

commercial banks within three years, suggesting that ten new MFIs entered the market driven by expectations of 

substantial profits.  

Despite the absence of formal diplomatic relations between Cambodia and Taiwan, Taiwan-based banks and 

financial companies have entered Cambodia's MFI sector. For example, the Taiwan Business Bank kicked off its 

TBB MFI Plc. in 2015, and the Shanghai Commercial and Savings Bank acquired an 80.1% stake in AMK in 2018, 

one of the top three MFIs in Cambodia before the pandemic (AMK, 2018). Additionally, in May 2024, SinoPac 

Financial Holding Company announced its plan to acquire Amret, Cambodia's largest MFI by branch count, for an 

estimated USD 543 million (Kawase, 2024). 
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Cambodia's microfinance system from the outset differed significantly from Yunus's model. Grameen Bank 

offers loans at a uniform 10% interest rate regardless of amount or term, with the expectation that loans are used 

for self-employment, fostering entrepreneurial spirit and poverty alleviation. In contrast, Cambodia's microfinance 

system operates differently: 

(1) Interest rates were initially very high 

Heather A. Clark (2020), an Australian journalist documenting ACLEDA's transformation, estimated that 

before 2000, Cambodian microloan interest rates exceeded 60% annually. Following the enactment of the Real 

Lending Act in 2000, rates fell to 48%. After 2005, with more MFIs entering the market, rates continued to decline 

but still exceeded 20% in 2015. American scholar Maryann Bylander (2016) estimated that in 2011, the median 

microloan amount was $300, with a median monthly interest rate of 2.7%, equating to an annual rate of 32.4%. 

Yet, Cambodia's per capita income in 2011 was only $882.28. 

(2) Diverse financial products 

Cambodian MFIs do not restrict loan purposes and offer an increasingly diverse range of financial products, 

including consumer loans for purchasing motorbikes, phones, and appliances. This approach makes Cambodian 

MFIs resemble traditional financial institutions or financing companies. 

(3) Aggressive marketing trigged by intense competition 

High demand and interest rates in Cambodia's microfinance market have attracted many institutions. Despite 

market competition driving down interest rates, they remain high. Intense competition has led to aggressive 

marketing tactics, such as encouraging borrowers to take new loans to repay old ones or to borrow money for 

travel expenses to work in Thailand. 

(4) Unaffordable loan 

Cambodian MFIs often require collateral or guarantors, leading to situations where borrowers, unable to repay 

due to illness, natural disasters, or other factors, face the threat of losing their livelihoods. This drives rural farmers 

to extreme measures, such as cutting expenses, sending children to work, or seeking employment in Thailand to 

avoid land seizures (LICHADHO and Shkmakum-Teang-Tnaut, 2019). 

4. Challenges and Criticisms 

The high interest rates of microfinance loans have caused unrest in rural areas. Many rural residents 

mistakenly believe that MFIs or banks are state-owned or government-funded, possibly due to misleading sales 

tactics by MFI staff. This perception has prompted official responses. Ahead of the June 2017 local elections, 

Prime Minister Hun Sen demanded that ACLEDA and Prasac change their logos, as they resembled those of the 
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Ministry of Economy and Finance and the National Bank of Cambodia (NBC). ACLEDA spent $3.5 million to 

rebrand, while Prasac promptly removed its logo from ATMs, leaving them blank (Chan, 2017). Hun Sen also 

ordered telecom companies to send text messages clarifying that MFIs are privately owned. In mid-March 2017, 

the NBC issued a directive capping microloan interest rates at 18% annually to quell public discontent (Heng et 

al. 2021). However, the Cambodia Microfinance Association (CMA) complained about the lack of prior 

consultation and suggested raising fees to maintain profitability. 

According to the CMA, around 2.2 million out of Cambodia's 10 million adults had unpaid microcredit loans 

in 2019. The average debt amounted to $3,320, roughly twice the country's annual GDP per capita. The credit 

sector was experiencing a 40% annual growth rate (Economist, 2020), making Cambodia one of the countries with 

the highest microfinance penetration rates, with many customers falling into over-indebtedness. In early June 2017, 

The Phnom Penh Post reported on a woman in Kandal province who complained about a microloan with a monthly 

interest rate of 3.5%, equivalent to an annual rate of 42% (Willemyns and Dara, 2017). In the June 2017 local 

elections, the opposition party, although not winning a majority, secured nearly 30% of commune chief seats and 

43% of commune council seats, possibly reflecting public discontent with microfinance. 

After several COVID-19 outbreaks in February 2021, the Cambodian government imposed strict lockdowns 

and curfews, severely impacting livelihoods. Many media reports highlighted the dire situation of rural borrowers. 

An AFP report from Trapeang Veng village in Siem Reap province described how three-quarters of the village's 

113 households were indebted, owing a total of $300,000 (Reap, 2020). By the end of 2020, the NBC reported that 

18% of all outstanding loans were microloans, totaling $6.7 billion (Amarthalingam, 2021). Human rights groups, 

including Equitable Cambodia and the Cambodian League for the Promotion and Defense of Human Rights (EC 

and LICADHO, 2021), estimated the total debt, including banks and MFIs, at $11.8 billion. The pandemic 

exacerbated the plight of many already over-indebted microloan borrowers, pushing some who could previously 

repay into deeper financial trouble, creating a vicious cycle of debt. 

In May 2020, opposition figure Sam Rainsy, who had been in exile for many years, called for a debt repayment 

strike on Facebook, urging borrowers to refuse repayment. Human rights groups also issued open letters requesting 

MFIs to offer leniency on repayments, but these were rejected. Although Prime Minister Hun Sen publicly 

acknowledged the borrowers' struggles and called on financial institutions to show understanding, he 

simultaneously warned that non-repayment due to opposition incitement would result in land seizures (Turton, 

2020). 

If borrowers fail to repay, MFI profits suffer, and non-performing loan rates rise. An IFC (International 

Finance Corporation) spokesperson noted that in 2020, there were 66,500 restructured loans totaling over $1 billion 

(McLellan, 2020). Fearing the collapse of Cambodia's microfinance system, international development institutions 
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provided funding. In June 2020, the IFC announced $25 million each for HATTHA Bank (formerly Hattha 

Kaksekar Ltd.) and AMRET for women-owned small and medium enterprises (IFC, 2020a, 2020b). Additionally, 

Japan's International Cooperation Agency (JICA) provided a loan to RHB Bank to help borrowers, particularly 

garment workers, affected by the pandemic. 

5. Conclusion 

Despite regulatory efforts, the high-interest rates and collateral requirements of Cambodian MFIs have led to 

significant debt burdens for borrowers, particularly in rural areas. During the COVID-19 pandemic, strict 

lockdowns and economic disruptions exacerbated these challenges, pushing many borrowers into severe financial 

distress. Reports indicated widespread over-indebtedness, with debtors struggling to repay loans and facing the 

threat of land seizures.  

Government interventions, including a 2017 directive capping microloan interest rates at 18%, aimed to 

address public discontent and curb exploitative practices. However, MFIs responded by increasing fees to maintain 

profitability, highlighting the ongoing tension between financial sustainability and social responsibility. 

The Cambodian microfinance sector represents a complex interplay of economic development, poverty 

alleviation, and financial inclusion. While microfinance has the potential to uplift the poor, its implementation in 

Cambodia has often deviated from the ethical principles championed by pioneers like Muhammad Yunus. The 

high-interest rates and aggressive lending practices have, in many cases, deepened poverty rather than alleviating 

it. 

Future efforts must focus on balancing the financial sustainability of MFIs with the socio-economic needs of 

vulnerable populations. Enhanced regulatory oversight, ethical lending practices, and comprehensive support for 

borrowers are crucial to ensuring that microfinance fulfills its promise as a tool for poverty eradication in 

Cambodia.   
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Abstract 

This paper primarily explores the challenges associated with Moderated Multiple Regression Models, 

particularly how a moderator variable (m) influences the direction or strength of the relationship between an 

independent variable (x) and a dependent variable (Y). A significant issue arises when there is a high correlation 

between the independent variable and the moderator, leading to severe multicollinearity. That complicates the 

accurate estimation of the independent variables' effects on the dependent variable (Myers, 1990). 

We develop five moderated multiple regression models with purpose of mitigating the multicollinearity in the 

analysis. Our empirical findings indicate that three of them perform good tested by the variance inflation factor 

and condition index. We finally suggest a process of standardizing both independent variable and moderator and 
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taking the cross multiplication by those two standardized variables before conducting moderated multiple 

regression analysis. 

Keywords: MMR,VIF, Multicollinearity, CI.  
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1. Introduction 

The concept of moderation effect refers to the variability in the influence of independent variables (X) on 

dependent variable (Y) depending on the levels or presence of a moderator variable (M). For example, if the 

moderator is a continuous variable, the effect of X on Y may change as the values of M increase or decrease. 

Conversely, if the moderator is a categorical variable, the impact of X on Y will vary according to the specific 

categories of M considered in the analysis. 

In Moderated Multiple Regression Models, the moderator variable (M) is defined as the factor that affects the 

direction or strength of the relationship between X and Y. This approach to moderated regression analysis, as 

described by Zedeck (1971), Cohen and Cohen (1983), Aiken and West (1991), and Aguinis (1995), consists of a 

series of steps for application and interpretation. The multiple regression model is developed as follow: 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒙𝒊 (1) 

In equation (1), the x represents the independent variable, while the Y stands as the dependent variable. Yet, if there 

is the other variable m also affects Y, then the equation (1) can be extended as: 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒙𝒊 + 𝜷𝟐 ∙ 𝒎𝒊 (2) 

However, if the two variables (x and m) are interacted and affect Y, then the equation (2) is further rewrited as: 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒙𝒊 + 𝜷𝟐 ∙ 𝒎𝒊 + 𝜷𝟑 ∙ 𝒙𝒊 ∙ 𝒎𝒊 (3) 

The term 𝒙𝒊𝒎𝒊  signifies the product of the independent variable x and the moderating variable m. If the 

interaction term significantly impacts the Y, it is interpreted as evidence of a moderating effect (Kleinbanum et al., 

1998). However, a high correlation between x and m leads to multicollinearity issues. To circumvent this problem, 

Aiken and West (1991) recommend individually standardizing x and m before multiplying them, resulting in a 

modified equation that addresses the multicollinearity concern. 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒙𝒊 + 𝜷𝟐 ∙ 𝒎𝒊 + 𝜷𝟑 ∙ 𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 (4) 

The 𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 represents the product of the standardized x and the standardized m. In equation (4), only x and m 

are standardized before being multiplied, while all other independent, moderator, and dependent variables remain 

in their original form. This approach suggests further exploration of either standardizing all variables within the 

independent equation or fully standardizing all variables, including the dependent variable, to compare outcomes 

and address multicollinearity issues. This study intends to apply the idea of standardization all variables to see if 

the approach can mitigate the multicollinearity. 
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2. Research Design 

The interaction item, 𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 , usually leads to severe multicollinearity issues among variables (Myers, 

1990). Andy (2009) highlights that multicollinearity arises from a high correlation among independent variables, 

which complicates the model's ability to make distinct predictions about the dependent variable. Menard (1995) 

notes that when two or more independent variables are highly correlated, it becomes difficult to accurately estimate 

their effects on the dependent variable. Such highly correlation among variables leads to a significant increase in 

the variance inflation factor (VIF) or condition index (CI), or decrease in tolerance levels. 

Myers (1990) suggests that multicollinearity can be diagnosed by examining the variance inflation factor 

(VIF), with a VIF exceeding 10 indicating potential issues. Additionally, a higher condition index (CI) signals 

more pronounced collinearity. A CI between 30 and 100 suggests moderate to high collinearity in the multiple 

regression model, while values above 100 indicate severe multicollinearity (Belsley, Kuh, & Welsch, 1980). Tacq 

(1997) also posits that a CI above 15 may signal collinearity concerns. Subsequent researchers, including Draper 

and Smith (1998) and Lattin, Carroll, and Green (2003), recommend a CI threshold of over 30 for severe 

multicollinearity. 

The variance inflation factor (VIF) measures the inflation of the variance of the regression coefficients due 

to collinearity, and tolerance. It is computed as: 

 (𝐕𝐈𝐅)𝒌 =
𝟏

(𝟏 − 𝑹𝟐)
 , 𝑲 = 𝟏, 𝟐, 𝟑, … , 𝒑 − 𝟏  (5) 

Here, (1-R2) denotes the tolerance, indicating that the variance inflation factor (VIF) and tolerance are inversely 

related. This stems from the coefficient of determination when the kth variable is regressed against all other 

variables. A high value of implies low tolerance, suggesting the presence of multicollinearity among the 

independent variables. This study develops five approaches to test the idea of standardization and examines the 

performance by the VIF, tolerance, and CI. 

2.1 The Original Moderated Multiple Regression Model (MMRM) 

The baseline model is the original moderated multiple regression model which is widely applied in the 

literature. 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒙𝒊 + 𝜷𝟐 ∙ 𝒎𝒊 + 𝜷𝟑 ∙ 𝒙𝒊 ∙ 𝒎𝒊 (6) 

This model applies the raw numerical data without considering the correlations among variables as many of 

literature used. It is expected to encounter the mulitcolinearity issue of Myers (1990), Andy (2009), and Menard 

(1995). 
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2.2 The Product of Standardized x and m 

Aiken and West (1991) introduce a modified model to address the challenges of multicollinearity, detailed 

as follows: 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒙𝒊 + 𝜷𝟐 ∙ 𝒎𝒊 + 𝜷𝟑 ∙ 𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 (7) 

They use the x and m in the model as same as those in equation (6). However, the interaction term is formed by 

the product of standardized x and m.  

2.3 Standardization of All Independent Variables 

This study goes further to standardize all the independent variables (X) to fit more the assumption of 

regression model. Therefore, both x and m are all standardized and the model turns to be: 

𝒀𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒁𝒙𝒊 + 𝜷𝟐 ∙ 𝒁𝒎𝒊 + 𝜷𝟑 ∙ 𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 (8) 

The Zxi and Zmi are the standardized xi and mi respectively. In this equation (8), all the variables are standardized. 

The correlation among variables is much lower. 

2.4 Standardization of Both Independent and Dependent Variables 

More than the standardization of independent variables, this study also standardized the dependent variable. 

The model is presented as: 

𝒁𝒚𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒁𝒙𝒊 + 𝜷𝟐 ∙ 𝒁𝒎𝒊 + 𝜷𝟑 ∙ 𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 (9) 

Such setting better fit the assumption of regression model that variables are normally distributed. The Zyi is the 

standardized dependent variable. 

2.5 Standardizing Both the Independent and Dependent Variables, with the Interaction Term  

An interesting issue is the interaction term should be created before or after the variable standardization. 

Since the variable distribution of Zxi Zmi does not guarantee a normal form, instead the standardization of ximi does. 

This study obtains the product of x and m initially and then standardized the product. Our 5th model is written as: 

𝒁𝒚𝒊̂ = 𝜷𝟎 + 𝜷𝟏 ∙ 𝒁𝒙𝒊 + 𝜷𝟐 ∙ 𝒁𝒎𝒊 + 𝜷𝟑 ∙ 𝒁𝒙𝒊∙𝒎𝒊 (10) 

3. An Illustration of a Moderated Multiple Regression Model 
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This study uses the demonstration database ex12-5.sav, provided in the textbook 'Advanced Statistical 

Analysis using SPSS and AMOS' by Kuan Yu, Chen, and Cheng-hua Wang, for a comprehensive explanation. 

The x represents the landscape imagery average, the m is the switching costs average, and the Y is the loyalty 

average. The results for our five approaches are reported as follow. 

3.1 Model 1: Original Moderated Multiple Regression Equation 

The results for the Original Moderated Multiple Regression Equation (equation 6) is as follows:  

𝒀̂𝒊 = 𝜷𝟎 + 𝜷𝟏𝒙𝒊 + 𝜷𝟐𝒎𝒊 + 𝜷𝟑𝒙𝒊．𝒎𝒊 

= 𝟎. 𝟏𝟐𝟒 + 𝟎. 𝟖𝟑𝟗𝒙𝒊 + 𝟎. 𝟔𝟑𝟗𝒎𝒊 − 𝟎. 𝟎𝟗𝟕𝒙𝒊．𝒎𝒊 

Additionally, the standardized equation is presented as follows: 

𝒀̂𝒊 = 𝟎. 𝟔𝟖𝒙𝒊 + 𝟎. 𝟕𝟓𝟗𝒎𝒊 − 𝟎. 𝟔𝟑𝒙𝒊．𝒎𝒊 

After the estimation, we use both the VIF and CI to identify the multicollinearity. Table 1 reports the VIF 

and the tolerance for the baseline models. 

Table 1 

Tests on the tolerance and VIF for baseline model and model 1 

model  
Unstandardized  

Cofficients 

Standardized  

Cofficients 
T significance 

Collinarity Statistics 

B standard error Beta tolerance VIF 

0 

（constant） 2.315 0.361   6.418 0     

xi  0.355 0.061 0.287 5.849 0 0.992 1.008 

mi 0.203 0.041 0.241 4.898 0 0.992 1.008 

1 

（constant） 0.124 1.115   0.111 0.912     

xi  0.839 0.241 0.68 3.482 0.001 0.062 16.048 

mi 0.639 0.214 0.759 2.982 0.003 0.037 27.29 

xi ∙mi -0.097 0.047 -0.63 -2.075 0.039 0.026 38.772 

The model 0 is the model without the interaction term and the model 1 is the equation (6). The interaction term (xi 

∙mi) shows a significant effect (p=0.039<0.05) on dependent variable, indicating a moderating effect. However, 

upon adding the interaction term, the VIF for each variable are 16.048, 27.290, and 38.772 for the x, m, and xi ∙mi 

respectively. All three VIF values are higher than 10, suggesting a multicollinearity. We further use the CI to 

diagnose the models in Table 2. The CI value for the interaction term escalates to 78.297, which is higher than the 

threshold of 30, indicating a severe multicollinearity. 
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Table 2 

Tests on the CI for baseline model and model 1 

model dimension eigenvalue Condition index 
variance ratio  

 constant  xi mi xi ∙mi 

0 

1 2.925 1 0 0 0.01  

2 0.06 6.96 0.01 0.24 0.68  

3 0.015 13.928 0.99 0.76 0.31  

1 

1 3.89 1 0 0 0 0 

2 0.07 7.459 0.01 0.01 0.01 0.01 

3 0.039 9.988 0.02 0.01 0.01 0.02 

4 0.001 78.297 0.97 0.98 0.98 0.97 

3.2 The Product of Standardized x and m 

The results for the model suggested by Aiken and West (1991), the model 2, to mitigate multicollinearity 

are as follows. 

𝒀̂𝒊 = 𝜷𝟎 + 𝜷𝟏𝒙𝒊 + 𝜷𝟐𝒎𝒊 + 𝜷𝟑𝒁𝒙𝒊．𝒁𝒎𝒊 

= 𝟐. 𝟐𝟖𝟔 + 𝟎. 𝟑𝟔𝟏𝒙𝒊 + 𝟎. 𝟐𝟎𝟎𝒎𝒊 − 𝟎. 𝟏𝟏𝟗𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 

Additionally, the standardized equation is presented as follows: 

𝒀̂𝒊 = 𝟎. 𝟐𝟗𝟑𝒙𝒊 + 𝟎. 𝟐𝟑𝟖𝒎𝒊 − 𝟎. 𝟏𝟎𝟏𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 

After the estimation, we use both the VIF and CI to identify the multicollinearity. Table 3 reports the VIF 

and the tolerance for the model 2.  

Table 3 

Tests on the tolerance and VIF for model 2 

model  
Unstandardized  

Cofficients 

Standardized  

Cofficients 
T significance 

Collinarity Statistics 

B standard error Beta tolerance VIF 

2 

（constant） 2.286 0.359   6.363 0.000     

xi  0.361 0.060 0.239 5.975 0.000 0.989 1.011 

mi 0.200 0.041 0.238 4.861 0.000 0.991 1.009 

Zxi ∙Zmi -0.119 0.057 -0.101 -2.075 0.039 0.996 1.004 

When the standardized interaction term is applied, VIF for the respective variables are 1.011, 1.009, and 1.004 for 
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the x, m, and Zxi ∙mi respectively. All three VIF values are lower than 10, indicating the suggested approach of 

Aiken and West (1991) effectively resolves the multicollinearity. We further use the CI to diagnose the models in 

Table 4. The CI value for the interaction term escalates to 13.968, which is lower than 30. This indicates a 

significant improvement in mitigating multicollinearity. 

Table 4 

Tests on the CI for model 2 

model dimension eigenvalue Condition index 
variance ratio  

 constant  xi mi Zxi ∙mi 

2 

1 2.937 1.000 0.00 0.00 0.01 0.00 

2 0.988 1.724 0.00 0.00 0.00 0.99 

3 0.060 6.984 0.01 0.24 0.68 0.00 

4 0.015 13.968 0.99 0.76 0.31 0.00 

3.3 Standardization of All Independent Variables 

The results for the model 3 are reported as follows. 

𝒀̂𝒊 = 𝜷𝟎 + 𝜷𝟏𝒁𝒙𝒊 + 𝜷𝟐𝒁𝒎𝒊 + 𝜷𝟑𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 

= 𝟒. 𝟗𝟏𝟎 + 𝟎. 𝟑𝟑𝟎𝒁𝒙𝒊 + 𝟎. 𝟐𝟔𝟖𝒁𝒎𝒊 − 𝟎. 𝟏𝟏𝟗𝒁𝒙𝒊．𝒁𝒎𝒊 

Additionally, the standardized equation is presented as follows: 

𝒀̂𝒊 = 𝟎. 𝟐𝟗𝟑𝒁𝒙𝒊 + 𝟎. 𝟐𝟑𝟖𝒁𝒎𝒊 − 𝟎. 𝟏𝟎𝟏𝒁𝒙𝒊．𝒁𝒎𝒊 

After the estimation, we use both the VIF and CI to identify the multicollinearity. Table 5 reports the VIF 

and the tolerance for the model 3.  

Table 5 

Tests on the tolerance and VIF for model 3 

model  
Unstandardized  

Cofficients 

Standardized  

Cofficients 
T significance 

Collinarity Statistics 

B standard error Beta tolerance VIF 

3 

（constant） 4.910 0.055   89.030 0.000     

Zxi 0.330 0.055 0.293 5.975 0.000 0.989 1.011 

Zmi 0.268 0.055 0.238 4.861 0.000 0.991 1.009 

Zxi∙ Zmi -0.119 0.057 -0.101 -2.075 0.039 0.996 1.004 

When the standardized interaction term is applied, VIF for the respective variables are 1.011, 1.009, and 1.004 for 

the Zx, Zm, and Zxi ∙mi respectively. All three VIF values are lower than 10, indicating the tested approach 
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effectively resolves the multicollinearity. We further use the CI to diagnose the model 3 in Table 6, it is observed 

that the CI of the interaction term significantly decreases from the 78.297 in Table 2 or the 13.968 in Table 4 down 

to 1.130. The value is also lower than the threshold of 30. This reduction indicates a notable improvement in 

resolving the multicollinearity. 

Table 6 

Tests on the CI for model 3 

model dimension eigenvalue Condition index 
variance ratio  

 constant Zxi Zmi Zxi∙ Zmi 

3 

1 1.138 1.000 0.13 .25 .20 .29 

2 1.054 1.039 0.40 .18 .23 .14 

3 0.917 1.114 0.15 .30 .52 .12 

4 0.891 1.130 0.33 .28 .05 .46 

3.4 Standardization of Both Independent and Dependent Variables 

The results for the model that standardized the dependent variable (Y) and also the Zx, Zm, and Zx．Zm. 

𝒁̂𝒀𝒊 = 𝜷𝟎 + 𝜷𝟏𝒁𝒙𝒊 + 𝜷𝟐𝒁𝒎𝒊 + 𝜷𝟑𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 

   = −𝟎. 𝟎𝟎𝟗 + 𝟎. 𝟐𝟗𝟑𝒁𝒙𝒊 + 𝟎. 𝟐𝟑𝟖𝒁𝒎𝒊 − 𝟎. 𝟏𝟎𝟓𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 

Additionally, the standardized equation is presented as follows: 

𝒁̂𝒀𝒊 = 𝟎. 𝟐𝟗𝟑𝒁𝒙𝒊 + 𝟎. 𝟐𝟑𝟖𝒁𝒎𝒊 − 𝟎. 𝟏𝟎𝟏𝒁𝒙𝒊 ∙ 𝒁𝒎𝒊 

After the estimation, we use both the VIF and CI to identify the multicollinearity. Table 7 reports the VIF 

and the tolerance for the model 2.  

Table 7 

Tests on the tolerance and VIF for model 4 

model 
Unstandardized  

Cofficients 

Standardized  

Cofficients 
T significance 

Collinarity Statistics 

B standard error Beta tolerance VIF 

4 

（constant） -.009 .049  -.192 .848   

Zxi .293 .049 .293 5.975 .000 .989 1.011 

Zmi .238 .049 .238 4.861 .000 .991 1.009 

Zxi Zmi -.105 .051 -.101 2.075 .039 .996 1.004 

Upon standardizing both the independent variable and the dependent variable, it was observed that the VIF for the 

x, m, and interaction term are down to 1.011, 1.009, and 1.004. The VIF values for all three variables, similar to 
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scenarios where only the interaction term or all variables were standardized, they are well below 10. Again, this 

indicates the approach effectively resolved the multicollinearity. Yet, the CI for model 4 also down to 1.130, which 

fit better to the assumption of regression model. 

Table 8 

Tests on the CI for model 4 

model dimension eigenvalue Condition index 
variance ratio  

 constant Zx Zm Zxi∙ Zmi 

4 

1 1.138 1.000 .13 .25 .20 .29 

2 1.054 1.039 .40 .18 .23 .14 

3 .917 1.114 .15 .30 .52 .12 

4 .891 1.130 .33 .28 .05 .46 

3.5 Standardizing Both the Independent and Dependent Variables, with the Interaction Term 

We make a bold attempt that standardizing all the variables in the regression model. The interaction item is 

standardized after the multiplication of two variables (the x and m). That is, the difference between our model 4 

and 5 is the creation process of interaction term. The results for the model 5 are as follows. 

𝒁̂𝒀𝒊 = 𝜷𝟎 + 𝜷𝟏𝒁𝒙𝒊 + 𝜷𝟐𝒁𝒎𝒊 + 𝜷𝟑𝒁𝒙𝒊 ∙ 𝒎𝒊 

= −𝟎. 𝟎𝟎𝟎𝟎𝟏 + 𝟎. 𝟔𝟖𝒙𝒊 + 𝟎. 𝟕𝟓𝟗𝒎𝒊 − 𝟎. 𝟔𝟑𝒁𝒙𝒊 ∙ 𝒎𝒊 

Additionally, the standardized equation is presented as follows: 

𝒁̂𝒀𝒊 = 𝟎. 𝟔𝟖𝒙𝒊 + 𝟎. 𝟕𝟓𝟗𝒎𝒊 − 𝟎. 𝟔𝟑𝒁𝒙𝒊 ∙ 𝒎𝒊 

After the estimation, we use both the VIF and CI to identify the multicollinearity. Table 9 reports the VIF 

and the tolerance for the model 5.  

Table 9 

Tests on the tolerance and VIF for model 5 

model 
Unstandardized  

Cofficients 

Standardized  

Cofficients 

T significance 
Collinarity Statistics 

B standard error Beta tolerance VIF 

5 

（constant） -3.63E-16 .049  .000 1.000   

Zxi .680 .195 .680 3.482 .001 .062 16.048 

Zmi .759 .255 .759 2.982 .003 .037 27.290 

Zxi mi -.630 .303 -.630 -2.075 .039 .026 38.772 

In table 9, the VIF for the variables x, m, and interaction term are 16.048, 27.290, and 38.772. All three VIF values 
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have reverted to the levels observed in the original moderated multiple regression model, and all exceeding the 

threshold of 10. That indicates that this method has not effectively addressed the multicollinearity. 

Table 10 

Tests on the CI for model 5 

model dimension eigenvalue Condition index 
variance ratio  

 constant Zx Zm Zxi mi 

5 

1 1.903 1.000 .00 .00 .01 .01 

2 1.084 1.325 .00 .04 .01 .00 

3 1.000 1.380 1.00 .00 .00 .00 

4 .012 12.390 .00 .96 .98 .99 

Upon integrating the interaction of standardized independent variable X with the standardized moderating 

variable M, it was observed that the CI value for the product term significantly decreased from the initial 78.297 

to 12.390, remaining below the threshold of 30, indicating a substantial mitigation of multicollinearity issues. 

Despite this, the VIF mirrored the original regression equation, suggesting persistent multicollinearity concerns. 

However, with the CI value dropping to 12.390, applying this method does not simultaneously reduce both 

multicollinearity indicators, highlighting its limitations compared to other approaches. 

4. Conclusion 

In summary, our five moderated multiple regression models reveal that Model 1, which is the original 

regression equation, displays significant multicollinearity as indicated by VIF and CI analyses. To address this 

issue, we applied four different standardization techniques in Models 2 through 5, leading to the following 

conclusions:  

Initially, the original Moderated Multiple Regression model faced multicollinearity problems, complicating 

the accurate estimation of the independent variables' effects on the dependent variable. However, the techniques 

used in Models 2, 3, and 4 effectively resolved these multicollinearity issues. The standardized coefficients from 

these three models were identical, indicating that replacing the original non-standardized equation with the 

standardized methods in Models 2, 3, and 4 produced the same results. Conversely, Model 5 did not successfully 

address the multicollinearity problem. 

Second, regarding the diagnosis of multicollinearity through two metrics, Variance Inflation Factor (VIF) 

and Condition Index (CI), the analysis of models two, three, and four reveals uniform VIF values for the 

independent variables across these models. However, the CI value for the independent variable in model two 
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diverges from that observed in models three and four. This discrepancy highlights the VIF method as a more 

consistent and stable approach for assessing multicollinearity. 

Ultimately, it was found that to effectively address multicollinearity, it is sufficient to standardize the 

independent and moderating variables prior to creating a standardized interaction term through multiplication. 

Standardizing the product of the original independent and moderating variables after multiplication did not yield 

effective results. Additionally, there is no need to standardize the dependent variable 𝑌, nor is it necessary to 

standardize both the independent variable 𝑋 and the moderating variable 𝑚 before incorporating them into the 

moderated multiple regression equation. Thus, the solution to multicollinearity issues lies in standardizing the 

interaction term formed by the multiplication of the independent and moderating variables. 
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Abstract 

The Russia-Ukraine war broke out on February 24, 2022, shaking the international community. To understand 

the behavior of both Russia and Ukraine in this war, as well as how military and economic aid from the United 

States, the European Union, and NATO influences Ukraine’s actions, this paper explores the interaction between 

Ukraine and the U.S.-EU alliance through the viewpoint of welfare game theory. The discussion focuses on how 

these interactions affect the progress of the Russia-Ukraine war. International political and military activities are 

based on national interests. The U.S.-EU alliance’s support for Ukraine in resisting the Russian invasion must 

consider the mutual interests, losses, and related conditions between the U.S., EU, and Ukraine. 
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1. Introduction 

This study primarily employs game theory to explore the Russia-Ukraine war. In the context of economic and 

military asymmetry between the two sides, the United States and the European Union stepped forward to provide 

Ukraine with military aid, diplomatic mediation, and high-tech support, while imposing economic sanctions on 

Russia. These sanctions aimed to help Ukraine resist Russia’s invasion, significantly restricting Russia’s foreign 

trade. However, despite external support, Ukraine’s economy, already in a fragile state, has been further devastated 

by the war. On the other hand, while the EU strongly supports Ukraine, its energy needs are still dependent on 

Russia. Clearly, the economies of these countries are interconnected and mutually constrained. Therefore, this 

study uses game theory to analyze the optimal decision strategies based on the positions and interactions of all 

parties involved. The paper focuses on the U.S.-European alliance’s support for Ukraine in the Russia-Ukraine 

war and uses welfare game theory to deduce the most optimal strategies for both sides. 

Hsieh (2022) noted that after several months of conflict, the war between Russia and Ukraine has yet to yield 

decisive results, and there is a lack of consensus for negotiations. Western countries continue to provide aid to 

Ukraine and impose economic sanctions on Russia. Given the current situation, this has turned into a form of 

“proxy war,” making a quick resolution unlikely and leading instead to a protracted war of attrition. This study 

attempts to analyze the ongoing support from the U.S. and European allies for Ukraine’s logistics and supplies in 

its continued conflict with Russia through the welfare game model. In this relationship, the U.S.-EU alliance, 

which provides resources, hopes Ukraine will act in line with their expectations—namely, weakening Russia’s 

economic and military capabilities to remove its status as a military power. Meanwhile, Ukraine, the recipient of 

these resources, seeks to meet the expectations of the U.S.-EU alliance and strengthen its economic and military 

alliances with the Western world. Through the interaction of welfare games, this paper aims to explore the optimal 

decision strategies for both sides. 

2. Methodology 

Welfare game theory is based on the relationship between two parties in the game, where “Party A gives, and 

Party B receives.” In this game, Party A has abundant resources, and Party B desires to obtain these resources. 

Party A (giver) hopes that Party B’s (receiver) actions align with its expectations, while Party B seeks to act in 

accordance with Party A’s expectations to achieve its desired goals (Chang, 2017). 

The earliest welfare game originated from the relationship between the government and parolees: the 

government is willing to grant parole, hoping that the parolee’s behavior after release will meet its requirements. 

In turn, the inmate must demonstrate behavior that meets the government’s expectations during incarceration to 
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obtain the chance of parole. The government is willing to release a particular prisoner if it believes the parolee has 

a high chance of successful rehabilitation according to its standards. However, once granted parole, the parolee 

might become complacent and revert to previous behavior. 

The welfare game may appear to lack a stable Nash equilibrium. However, in reality, the formation of Nash 

equilibrium depends on whether the conditions tied to both parties’ strategies meet the expectations of the other 

party. Therefore, each side of the game attempts to predict the other’s behavior to determine their own best course 

of action. 

3. Game Theory Derivation 

3.1 The background of game 

Russia’s invasion of Ukraine has not slowed down, and NATO, led by the United States, along with EU 

member states, have been assisting Ukraine to the best of their ability. Economically, as of April 2023, the U.S. 

has provided financial aid totaling 1.08 trillion TWD (Sanli iNEWS, 2023), while the UK has pledged to offer $50 

billion in loans to help Ukraine mitigate the economic impact of the war.(GOV.UK, 2022) France has provided 

€30 billion in aid(Xinhua News, 2022), and Canada, through the issuance of a $50 billion five-year bond, has 

transferred the proceeds via the International Monetary Fund to Ukraine to support essential services and energy 

infrastructure.(Canada.ca, 2022) Germany has contributed €2 billion for security capacity building, which is used 

to reimburse EU member states for their military support to Ukraine.(Kyiv post, 2022 C) Various countries have 

provided financial assistance to Ukraine through different means to help its people maintain a semblance of normal 

life during the war. 

To acquire the necessary equipment to counter the Russian invasion, Ukrainian President Zelensky has made 

international appeals through the media, calling for more weapons and ammunition to defend against Russia’s 

aggression. His plea has been met with positive responses from many countries worldwide, which have provided 

military aid. For example, the United States, through the Department of Defense, has transferred equipment to 

Ukraine, including Stinger air defense systems, Javelins, light anti-armor weapons, AT-4 anti-armor systems, 

tactical unmanned aerial systems, grenade launchers, mortar shells, bulletproof vests, anti-drone tracking radars, 

and High Mobility Multipurpose Wheeled Vehicles, all aimed at helping Ukraine defend its territory.(The White 

House, 2022) The UK has trained Ukrainians to use underwater drones to clear coastal mines and has provided 

logistical support such as electronic warfare devices, night vision devices, GPS jamming systems, counter-artillery 

radar systems, and heavy unmanned aerial systems (Kyiv post, 2022 A, D). 
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While EU member states were still discussing the specifics of their aid, Poland had already supplied T-72 

tanks, multiple rocket launchers, self-propelled howitzers, surveillance drones, and infantry fighting vehicles, 

along with transporting oil to ensure Ukraine’s vehicles had sufficient fuel. Poland has become the largest donor 

among EU member states due to its significant contributions (World Journal, 2022). 

Amid ongoing aid from various countries, on May 26, a Ukrainian military commander expressed on 

Telegram: “We urgently need weapons capable of hitting the enemy from a distance. Delays should not occur, as 

the cost of waiting is the lives of our people, who are defending the world from Russia’s attacks.” As the Russia-

Ukraine war continues, the relationship between Ukraine and the Western allies has evolved into a dynamic where 

the aid-seeking Ukraine relies on the timely assistance of the donors. If the providers delay their aid, Ukraine will 

struggle to continue resisting Russia’s invasion (Kyiv post, 2022 B). 

3.2 Game information explanation 

• Participants: One side consists of Western countries (the U.S. and Europe), and the other side is Ukraine. 

• Information Status 

Complete Information: Both Western countries and Ukraine are fully aware that resisting Russia’s invasion 

requires significant expenditure of economic resources and military weapons, thus constituting a complete 

information scenario. 

Information Symmetry: Both sides share the same understanding of the threat posed by Russia’s invasion 

and potential annexation of Ukraine, which could destabilize Europe and affect geopolitical power. This 

represents symmetric information, as both parties possess essential information regarding their mutual needs. 

3.3 Explanation of the payoff functions 

1. Western countries do not provide aid, and Ukraine does not resist Russia’s invasion: 

Let Π represent the baseline payoff for Western countries before providing aid to Ukraine, which is 

positive. Ω represents Ukraine’s negative payoff for resisting Russia’s invasion without any economic or 

military aid from the West. In this case, both parties’ baseline payoffs are (0, 0). 

2. Western countries do not provide aid, but Ukraine resists Russia’s invasion: 

Russia’s invasion continues unabated, and Ukraine’s people, in defense of their territory, ethnic 

survival, and the values of freedom and democracy (denoted by “c”), vow to resist the Russian invasion to 

the death. Ukraine’s payoff is Ω+c, where Ω represents Ukraine’s losses in resisting Russia (a negative 

value). Meanwhile, Western countries, unaware of the full value of Ukraine’s defense of its land and 

democratic values, act only in their own interest and provide no aid. If Ukraine fails, it would threaten the 
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security of other European countries and disturb the geopolitical balance of power. Thus, the Western 

countries’ payoff is π-c. 

3. Western countries provide aid, and Ukraine resists Russia’s invasion: 

Ukraine, under heavy attack from Russia and facing indiscriminate missile strikes on cities, continues 

to resist, despite a lack of sufficient resources and weapons. The payoff for Ukraine is Ω+k. At the same 

time, seeing Ukraine’s strong will to fight and recognizing the need to protect other European countries 

from similar threats, the Western countries offer economic and military aid to Ukraine. This helps maintain 

the geopolitical balance and defend the values of freedom and democracy. The payoff for the Western 

countries rises to π+c-k. 

4. Western countries provide aid, but Ukraine does not resist Russia’s invasion: 

Suppose Ukraine receives significant economic and military aid from the Western countries. 

However, due to corruption and misuse of funds by oligarchs, the aid fails to reach the front lines, 

weakening the fighting effectiveness of the Ukrainian army and threatening the security of other European 

nations and the geopolitical balance. In this case, the payoff for the Western countries drops to π-k. 

Meanwhile, despite receiving substantial aid, corruption among Ukrainian officials may divert resources 

for personal gain, forcing the army to rely solely on a limited amount of high-quality Western weaponry to 

resist the Russian invasion. Thus, Ukraine’s payoff increases to Ω+c+k. 

Table1  

The Welfare game matrix between US-NATO and Ukraine 

3.4 Game Analysis 

From the perspective of Western countries’ decision-making, whether Ukraine resists the Russian invasion or 

not will influence their strategy. In other words, if aiding Ukraine yields a better payoff than not aiding, Western 

countries will provide economic, military, and humanitarian assistance to support Ukraine in resisting Russia, 

thereby preventing Russia from altering the European power landscape. Conversely, if the payoff is lower, they 

Payoff ( US-NATO, Ukraine) 
Ukraine 

Anti-invasion (q) Non anti-invasion (1-q) 

US-NATO 

Support (p) (π+c-k，Ω+k) (π-k，Ω+c+k) 

Non-support (1-p) (π-c, Ω+c) (0，0) 
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will refrain from assisting Ukraine. From Ukraine’s perspective, its strategic decision depends on whether it can 

successfully secure recognition and aid from Western countries. Otherwise, it will face isolation. Below is an 

analysis of the payoffs under different strategy combinations: 

1. Initial Dynamic Behavior and Conditions in This Welfare Game from the Perspectives of Ukraine and 

Western Countries: 

(1) When Western allies prefer not to aid Ukraine, and Ukraine prefers to fully resist Russia to garner 

international sympathy: 

𝛀 + 𝒄 > 𝟎, 𝒄 > −𝛀 (1) 

(2) When Ukraine resists Russia’s invasion, and Western allies prefer to aid Ukraine to gain international 

political advantage and weaken Russia: 

∵ 𝝅 + 𝒄 − 𝒌 > 𝝅 − 𝒄 ∴ 𝒄 >
𝟏

𝟐
𝒌, 𝐨𝐫 𝒌 < 𝟐𝒄 (2) 

This means that Western allies prefer to aid Ukraine when the value of military and economic support 

(k) they provide is not less than twice the value of Ukraine’s efforts to defend its territory, ethnic survival, 

and democratic values (c). 

(3) When Western allies prefer to provide unlimited aid to Ukraine, and Ukraine prefers not to fully resist 

Russia, aiming to gain economic benefits resulted from Ω+c+k >Ω+k . 

(4) When Ukraine prefers not to fully resist Russia, and Western allies prefer not to aid Ukraine: 

∵ 𝝅 + 𝒄 − 𝒌 > 𝝅 − 𝒄   ∴ 𝒄 >
𝟏

𝟐
𝒌, 𝐨𝐫 𝒌 < 𝟐𝒄 (3) 

This implies that when the value of the aid Western allies provide exceeds their original benefit, they 

will abandon their support for Ukraine. 

2. From the Perspective of Western Countries 

Analyzing the situation from the standpoint of Western countries, if they provide economic and military 

aid, their decision criterion will be based on maximizing total payoffs: 

𝛑𝐄 = 𝒑[𝒒(𝝅 + 𝒄 − 𝒌) + (𝟏 − 𝒒)(𝝅 − 𝒌)] + (𝟏 − 𝒑)[𝒒(𝝅 − 𝒄)] 

   = 𝒑𝒒(𝟐𝒄 − 𝝅) +  𝒑(𝝅 − 𝒌) + 𝒒(𝝅 − 𝒄) 

(4) 

To solve for the maximization of total payoffs, we differentiate equation (4) and set it to zero: 

𝒅𝝅𝑬

𝒅𝒑
= 𝒒(𝟐𝒄 − 𝝅) + (𝝅 − 𝒌) = 𝟎 

(5) 
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⟹ 𝒒 =
𝒌 − 𝝅

𝟐𝒄 − 𝝅
 

From equation (5), it is evident that the larger the value of c (the Ukrainian people’s resolve to defend 

their territory, ethnic survival, and democratic values), the smaller the incentive for Ukraine to resist the 

Russian invasion (q). Conversely, the greater the value of Western aid (k) or the original interests of the 

Western alliance (π), the greater the incentive for Ukraine to resist the Russian invasion (q). 

Additionally, equation (4) must satisfy the condition that the second derivative is less than zero: 

𝒅𝝅𝑬
𝟐

𝒅𝒑 ∙ 𝒅𝒒
= 𝟐𝒄 − 𝝅 > 𝟎 

⟹ 𝒄 >
𝝅

𝟐
 

(6) 

This is the necessary condition, meaning that the Ukrainian people’s resolve to defend their territory, 

ethnic survival, and democratic values (c) must exceed half of the original interests of the Western alliance 

(π). Only then will the Western alliance have the resolve to assist Ukraine in resisting the Russian invasion. 

3. From the Perspective of Ukraine 

Analyzing from Ukraine’s perspective, the decision criterion for determining whether to resist the Russian 

invasion is based on maximizing total payoffs: 

𝛑𝐔 = 𝒒[𝒑(𝛀 + 𝒌) + (𝟏 − 𝒑)(𝛀 + 𝒄)] + (𝟏 − 𝒒)[𝒑(𝛀 + 𝒄 + 𝒌)] 

   = 𝒒[𝛀 + 𝒄 − 𝒑(𝟐𝒄 + 𝛀)] + 𝒑(𝛀 + 𝒄 + 𝒌) 

(7) 

To solve for the maximization of total payoffs, we differentiate equation (7) and set it to zero: 

𝝅𝑼

𝒅𝒒
= 𝛀 + 𝒄 − 𝒑(𝟐𝒄 + 𝛀) 

𝒑 =
𝒄 + 𝛀

𝟐𝒄 + 𝛀
 

(8) 

From equation (7), we can see that the greater the losses Ukraine suffers from facing the war against 

Russia alone (Ω), the smaller the likelihood of receiving aid from Western allies (p). 

Additionally, equation (7) must satisfy the condition that the second derivative is greater than zero: 

𝒅𝝅𝑼
𝟐

𝒅𝒒 ∙ 𝒅𝒑
= −(𝟐𝒄 + 𝜴) < 𝟎 , 𝒐𝒓 𝟐𝒄 + 𝜴 > 𝟎 (9) 

Thus, equation (10) follows: 
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𝒄 >
−𝜴

𝟐
 (10) 

This is the necessary condition, meaning that the Ukrainian people’s resolve to defend their territory, 

ethnic survival, and democratic values (c) must exceed half of the losses Ukraine would suffer from facing the 

war against Russia alone (Ω). Only then will Ukraine have the determination to resist the Russian invasion. 

4. Conclusion 

Russia’s invasion of Ukraine has shown no signs of slowing down. While NATO, led by the United States, 

and the EU member states seem to be doing everything possible to aid Ukraine, international political and military 

actions are ultimately driven by national interests. The assistance provided by the Western alliance to Ukraine in 

resisting Russia’s invasion is largely motivated by the goal of weakening Russia’s economic and military power. 

According to the game theory analysis, the determination of the Western alliance to support Ukraine in 

resisting Russia’s invasion only materializes when the Ukrainian people’s resolve to defend their territory, ethnic 

survival, and democratic values exceeds half of the original interests of the Western alliance. Furthermore, as the 

Ukrainian people’s determination to defend these values increases, the incentive for Ukraine to resist the Russian 

invasion paradoxically decreases. On the other hand, the greater the value of Western aid (k) or the Western 

alliance’s original interests, the stronger Ukraine’s motivation to resist the Russian invasion. 

From Ukraine’s perspective, the determination to resist Russia only arises when the Ukrainian people’s 

resolve to defend their territory, ethnic survival, and democratic values exceeds half of the losses they would face 

by confronting Russia alone. At the same time, as the losses Ukraine incurs from fighting Russia alone increase, 

the likelihood of receiving aid from Western allies decreases. 
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