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Abstract: 1paill

Objectives: This study aimed to examine the influence of
artificial intelligence (Al) technologies on financial decision-
making processes in Saudi companies operating in the food
industry.

Methods: The research employed a descriptive analytical
approach, gathering data through simple random sampling
from a sample of 456 participants.

Results: Results indicated that Saudi companies in the food
sector are widely adopting AI technologies, including
intelligent agents, artificial neural networks, and expert
systems. These tools are found to play a significant role in
enhancing the quality and efficiency of financial decision-
making in these companies.

Conclusions: The study emphasized the importance of
fostering a supportive environment for Al implementation
within Saudi firms, highlighting the need for a solid
technological infrastructure as a foundation for effective Al
integration. It also underlined the critical role of hiring
individuals with extensive scientific and practical expertise in
Al Additionally, the research recommended providing
training programs and courses to equip Saudi employees
with the necessary skills to handle and optimize AI
applications. Such measures, as suggested by the study,
would enable Saudi companies to maximize the benefits of Al
technologies, ultimately enhancing their competitiveness and
decision-making capabilities in the food sector.

Keywords: Artificial intelligence; financial decision making; Saudi
companies; Food Industry; Technological Infrastructure.
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Abstract: 1l

Objectives: The study aimed to demonstrate the adequacy
of the foreign reserves available to the Central Bank of Iraq
to cover the volume of imports and the volume of external
debt after 2004.

Methods: The researchers relied on the inductive approach
by tracking data on cash reserve accumulations after 2004
and determining the extent of their impact on some
economic indicators or their impact on them.

Results: The growth of foreign reserves depends primarily
on the Central Bank's purchases of dollars from the Ministry
of Finance, which relies on oil revenues for 98% of its
revenues. Consequently, the prices and quantities of
exported oil directly affect the accumulation of foreign
reserves.

Conclusions: Efforts should be made to improve the
industrial and agricultural sectors to meet the local market's
need for goods and commodities, thereby reducing reliance
on foreign markets and reducing the volume of withdrawals
from foreign reserves from the Central Bank of Iraq.
Keywords: Foreign reserves; Imports; external debt.
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Abstract: paielll

Objectives: This research aims to enhance the role of
Augmented Reality Technology in facilitating the
information and guidance needed in crowd management and
transportation for pilgrims, and to highlight Augmented
Reality Technology and its impact on improving the
experience of pilgrims efficiently and effectively.

Methods: The study employs the descriptive-analytical
approach to achieve its objectives and hypotheses, as this
method helps provide explanations of the existing state of the
phenomenon or problem by identifying its conditions and
dimensions and clarifying the relationships among them.
Results: The research findings found that the use of
augmented reality improves the experience of pilgrims and
Umrah pilgrims in overcoming the difficulties they face, by
providing clear guidance to the pilgrims and Umrah pilgrims
and providing them with the necessary information about the
places of Hajj and Umrah, and helps the pilgrims and Umrah
pilgrims to get real-time interactive guidance about the
available means of transportation, as well as contribute to
crowd management in Hajj rituals.

Conclusions: Improving and enriching the experience of
pilgrims and Umrah pilgrims by providing innovative
professional solutions through the preparation and
development of augmented reality applications to improve
and enrich the experience of pilgrims and Umrah pilgrims,
which organizing traffic, facilitating
transportation, and displaying comprehensive and
interactive information for all users.

Keywords: Augmented Reality; Crowd Management; Consumer
Experience (Hajj and Umrah).
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Objectives: This study explores consumer perceptions of
artificial intelligence (AI) in marketing, with a particular
focus on its influence on buying behavior and ethical
concerns, including data protection and privacy. The research
aims to examine how AI technologies are received by
consumers, assess the effectiveness of Al-driven ad
personalization, and understand the factors that facilitate or
hinder adoption.

Methods: A quantitative research design was employed,
utilizing a structured survey to gather data from consumers.
The reliability of the survey instruments was assessed using
Cronbach's Alpha and Average Inter-Item Correlation. Chi-
square analysis was applied to examine relationships
between variables.

Results: The findings indicate that Effort Expectancy, the
perceived ease of use, is a strong predictor of consumers’
Behavioral Intention to adopt Al in marketing. However,
Performance Expectancy is found to be non-significant,
suggesting ongoing doubts about Al's predictive accuracy.
Ethical concerns and trust deficits emerge as major barriers to
adoption. Interestingly, Social Influence negatively affects
Behavioral Intention, with consumers perceiving Al-driven
marketing as potentially intrusive.

Conclusions: To fully leverage Al in marketing, strategies
must prioritize usability, transparency, and ethical data
practices. Customization based on demographic insights can
enhance relevance and improve adoption rates. The study
underscores the importance of aligning Al technology with
consumer expectations and values to foster trust and long-
term engagement.

Keywords: Al marketing; UTAUT; Uses and Gratifications
Theory; Integrated Model; Al Trust and Privacy.
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1 Introduction
1.1 Background of the Study

Consumer behavior is the process of approaching, selecting, evaluating, and purchasing products and services,
as well as the manner in which they use them. Classically, consumer behavior research in the marketing
discipline has largely been concerned with identifying the antecedents to purchase decisions and how
consumers distribute their scarce resources, such as time, money, and effort, in the marketplace (Cole, 2007).
That is why traditional approaches, which dominate the market, have evolved due to the advent of artificial
intelligence (Al). The use of Al in consumer behavior provides businesses with an opportunity to understand
consumers, anticipate their preferences, and create the right engagement strategies that are impossible to
achieve through conventional approaches (Edelman & Abraham, 2022).

The massive investment in AI shows how much it is valued, while the trends indicate that the AI and ML
markets will grow in the future. According to McKinsey, Al usage across industries is expected to grow in the
next few years to improve products, introduce new services, and strengthen customer bonds (Andrew, 2017).
Marketing Al applications alone increased by 84% in 2020, and more expansion is expected as more brands
focus on customer experience (Gera & Kumar, 2023). According to a Statista survey conducted in 2023, 61% of
the participants are ready to buy products that are suggested by generative Al, and there is no significant
variation between the generations.

While adopting Al in marketing has been beneficial in several ways, it is coupled with paramount issues
of data privacy, ethical dealings, and consumer trust. The use of consumer data as the major source of insight
brings issues of transparency, fairness, as well as accountability. These include issues of informed consent, bias
in the developed algorithms, and impartiality toward all consumers (Dignum, 2018; Topol, 2019; Taddeo &
Floridi, 2018). To overcome these challenges, attempts to improve the level of transparency should be regarded
as urgent and indispensable.

Consequently, the study seeks to answer the following objectives to enhance knowledge on the application
of Al in marketing as well as influence customer behavior. The objectives are defined as follows:

e To determine how insights from Al affect focused marketing tactics that suit the requirements and
preferences of customers.

e To evaluate how well Al predicts the preferences and purchase behaviors of customers.

e To investigate how consumers from different demographic groupings view Al-assisted marketing
recommendations.

e To identify obstacles that marketers encounter when implementing AI while balancing ethical
considerations and customer trust.

e To determine whether utilizing Al-driven marketing improves customer engagement and brand loyalty
over the long term by combining the modified constructs of Technology Perception, Social and Ethical

Influence, and Behavioral Intentions with additional factors.

1.2 Problem Statement

The advancements in artificial intelligence in marketing have shifted the face of the market in the present digital
environment by giving marketers unique insights into consumers and a chance to target them accordingly. Al
solutions allow organizations to process enormous amounts of data and distinguish consumer trends more
proficiently than conventional marketing strategies. Consequently, techniques like smart advertisements and
promotional indications based on artificial neural networks form the core of present-day customer outreach.
However, despite these advances offering major potential to enhance customer satisfaction and firm
competitiveness, they raise emerging major ethical issues concerning user data protection, transparency, and
trustworthiness.

Toward this end, this research aims to explore consumer attitudes toward marketing with Al technologies,
including how and in what ways consumers consider Al as a factor in purchasing, consumers’ perceptions of
Al in their everyday lives, and key constraints that may hinder or limit AI’s ability to build trust. Mitigating
these gaps will prepare organizations that seek to capitalize on Al disclosure while sustaining clients” trust due
to the rising impact of Alin the market.
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1.3 Scope of the Study

This paper focuses specifically on how and to what extent Al affects consumer behavioral patterns in the
marketing sphere, including personalization based on Al, recommendation systems, and Al interaction with
the consumer. The research looks at consumers’ attitudes toward Al and how applicable the utilization of this
technology is in contemporary society. Also, due to the focus on personalization, the study questions involve
the level of comfort regarding recommendations, the extent to which such recommendations affect decision-
making, and the issues related to data sharing with businesses using Al in their marketing campaigns. Offline
marketing channels and detailed discussions on Al regulation are not included in the scope of this research.

1.4 Significance of the Study

The study provides relevant information on the contribution of Al to changes in consumer behavior in
marketing. Consumer insights from this study enable businesses to formulate more effective strategies and
fashion their approach in a manner that ensures brand loyalty while utilizing data ethically. Briefly, this is a
consumer behavior study on how Al-driven marketing is perceived and understood. Researching these factors
helps provide insights into how Al is changing the face of marketing in the future, from understanding
consumer expectations to identifying conflicts that businesses might face.

1.5 Organization of the Study

The first chapter introduces the topic. The second chapter reviews the existing literature and identifies the gaps
in the literature related to the study. In the third chapter, the methodology is discussed, while chapter four
presents the results and findings. To conclude the study, the conclusion is provided in chapter five.

2 Literature Review
2.1 Overview of Existing Research

Today, Al has become an integral part of our lives, and institutions and businesses have gained a stable
competitive advantage in the global economy due to the digitalization process. Al not only promotes the
branding strategies of services but also strengthens organizations’ adaptability to new markets and enhances
recovery and growth (Giilsen, 2019). Modern studies show that marketing has evolved from being a static
process to an engaging and personalized digital process supported by Al This shift helps brands harness Al
for real-time client understanding, recommendations, and interaction, revolutionizing the nature of modern
marketing strategies.

Artificial Intelligence has emerged as the key driver of digitalization, creating real-time, data-based
marketing that can improve the customer’s journey and increase consumers’ interaction. According to
Copeland (2024), Al is a system’s ability to imitate the cognitive capabilities of the human mind, including its
capacity to learn and reason, which shows why Al is highly useful in businesses that require personalization
and interaction.

The COVID-19 pandemic has substantially expedited the remote work revolution, which has not only
transformed workplace dynamics within technology businesses (Ghabban et al., 2024) but has also played a
critical role in modifying consumer behavior and furthering the emergence of e-commerce. This paradigm shift
emphasizes the interconnectivity of workplace changes and shifting customer preferences, ushering in a new
era of digital interaction.

2.2 Theoretical Perspectives

The application of artificial intelligence (AI) in consumer behavior and marketing has attracted considerable
interest in many theoretical frameworks. These theories provide a vital understanding of consumers' use and
purchase decision-making processes regarding Al technologies and their brand-switching behavior. In this
paper, we delve into major theories and how they have helped explain the role of Al in consumer behavior.

The Technology Acceptance Model (TAM) is well known for predicting technology adoption within the
consumer behavior literature. TAM was developed by Davis (1989) and focuses on two important constructs:
perceived usefulness and perceived ease of use. Research using TAM has highlighted how these factors relate
to the adoption of products with incorporated Al (Panagiotopoulos & Dimitrakopoulos, 2018), chatbots (Kim
& Kim, 2021), and service robots (Zhong et al., 2021). For instance, consumers are more likely to accept smart
functions if they perceive them as beneficial and easy to use, thereby enhancing customer relations and e-
commerce.
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Another relevant model is the Expanded Technology Acceptance Model, developed by Venkatesh et al.
(2003) based on the Unified Theory of Acceptance and Use of Technology (UTAUT). Subsequently, the second
generation of UTAUT, developed by Venkatesh et al. (2012), extends this framework to consumer usage
contexts, aiming to understand the consumer-level pull factors of technology. Performance expectancy and
social influence are among the antecedents that directly impact Al adoption in service-oriented professions,
while facilitating conditions deserve more research attention in Al adoption (Guggemos et al., 2020).

The Uses and Gratifications (U&G) paradigm, labeled as one of the most influential theories in
communications research (Lin, 1996), posits that individuals actively seek media to fulfill utilitarian, need-
satisfying, and intentional purposes—gratifications (Guo et al., 2008). In the e-commerce context, this
framework assists in defining how consumers’ psychological needs shape the characteristics of the media they
expect and engage with, and what behavioral patterns result (Cowles et al., 2002). For example, consumers may
select media based on content utility (availability of detailed product information), process utility (entertaining
interaction with the platform), and social utility (opportunities to develop social networks). The fact that this
theory suggests individuals seek media and technology that meet their needs helps explain why consumers
turn to specific Al applications, providing valuable insights into consumers’ choices and actions.

2.3 Literature Gap

Although several studies have been conducted related to the implementation of Al in consumer behavior, there
are still many gaps in the literature, including consumer familiarity with Al concepts, the extent of reliance on
Al and the ethical aspects. To address these gaps, this literature review outlines specific areas that require
further exploration, framed around key research questions:

Al's extensive adoption in consumer products is underexplored, and more research and surveys are
needed to understand public knowledge and dependence on Al for purchasing decisions and suggestions.
Knowledge of demographic factors, education, and experience can inform AI promotion and ethical Al
development. Limited research on how Al influences consumer behavior, brand selection, and loyalty is
essential for marketers who are interested in behavior-driven Al design.

Most of the existing literature is concerned with the first stage of use, namely, the decision to adopt Al but
there are few empirical investigations of the subsequent stages, including sustained use, satisfaction, and
loyalty after long-term interactions with Al This gap implies that there is a lack of research on the dynamics of
the consumer—AlI relationship and what causes consumers to continue or discontinue using Al Such insights
could be very useful in enhancing Al systems for better retention and, therefore, creating ongoing consumer-
brand engagement.

2.4 Synthesis of Literature Findings and Theoretical Framework

The rise of Artificial Intelligence has pivoted consumer behavior studies by modifying consumer-brand
relations, purchase decision processes, and brand loyalty formation. Researchers build their conceptual models
regarding Al's impact on consumer behavior through theoretical applications of the Technology Acceptance
Model (TAM), Unified Theory of Acceptance and Use of Technology (UTAUT), and Uses and Gratifications
Theory (U&G).

Reviews demonstrate mounting consumer certainty about the practical applications of artificial
intelligence, thus leading to increased activities in information searches and decision-making. UTAUT
establishes that users rely on either performance expectations or social acceptance when deciding to utilize Al
Through the conceptual model, the constructs of familiarity and dependence serve as key factors that explain
Al's method of collecting personal data for the prediction of consumer behavior to generate loyal customers.
The findings are supported by TAM, as consumers' perceived usefulness drives both their trust development
and purchase activity. The proposed framework unites UTAUT with U&G to explain how Al satisfies client
needs and develops persistent relationships between customers and brands.

3 Methodology

3.1 Dataset

The target population for this survey includes individuals aged between 18 and 55 years and above who have
experience with Al-driven marketing or have been exposed to Al-enabled recommendations and
advertisements. A total of 54 respondents participated in the study, selected in light of practical constraints and
the exploratory nature of the research. Despite the limited sample size, the participants possess academic
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backgrounds and a solid understanding of emerging technologies such as artificial intelligence, which enhances
the relevance of their input. Among the respondents, 35 are postgraduates, 14 are graduates, and 5 are
undergraduates, providing an informed foundation for analyzing attitudes and behaviors toward Al-driven
marketing.

3.2 Research Design

This research focuses on consumers who have engaged with Al-enabled marketing or have come across Al-
recommended advertisements or offers. An age bracket has been chosen to capture a wide range of population
responses concerning levels of digital literacy and exposure to Al marketing practices. A convenience sampling
method has been employed due to the ease of contacting participants through online platforms. The survey was
conducted through Google Forms, and targeted participants were invited to complete the survey. According to
the work of Vasantha Raju & Harinarayana (2016), Google Forms is beneficial for surveying because it is easy
to create, share, and collect responses, has a high response rate, and is less susceptible to data input errors.
While this sample may not be very large, it reflects the stance and actions of a diverse group of consumers. To
achieve age diversity, participants were selected based on an understanding of how various age groups respond
to Al marketing.

3.2.1 Theoretical Framework

In expanding the understanding of consumer attitudes toward Al usage within marketing communication, this
paper employs a theoretical framework consisting of the Unified Theory of Acceptance and Use of Technology
(UTAUT) and the Uses and Gratifications Theory (U&G), both of which capture technology acceptance factors
as well as psychological and social needs.

Acceptance of IT is best captured by the UTAUT model developed by Venkatesh et al. (2003). This
synthesized approach focuses on four core constructs: Performance Expectancy (PE), Effort Expectancy (EE),
Social Influence (SI), and Facilitating Conditions (FC), which are closely related to Behavioral Intention (BI) and
Use Behavior (UB) regarding new technology (Mohamed et al., 2021). The following hypotheses are developed
based on the UTAUT model constructs:

e H1: Performance Expectancy (PE) positively influences consumer Behavioral Intention (BI) to engage with

Al-driven marketing tools. \

e H2: Expectancy (EE) positively influences Behavioral Intention (BI) toward Al-driven marketing tools.

e HB3: Social Influence (SI) positively affects Behavioral Intention (BI) to use Al-driven marketing, moderated
by demographic factors (e.g., age, gender).

e H4: Facilitating Conditions (FC) positively influence Use Behavior (UB) for Al-driven marketing tools.

In addition to UTAUT, the Uses and Gratifications Theory (U&G)—originating in the 1940s and further
developed in the 1970s —provides a framework for examining the psychological and social needs that drive
media adoption (Ruggiero, 2000). When combined, UTAUT and U&G offer a dual perspective: UTAUT outlines
the technological and social product factors that influence the adoption of Al while U&G captures the
psychological utilities offered by Al marketing tools to the consumer. This integration provides a strong
evaluation framework for consumer attitudes toward Al in marketing by capturing both technology acceptance
and the satisfaction of individual users' needs.
The following hypotheses are proposed to evaluate the integrated model:
e HB5: Information-Seeking (IS) significantly and positively influences Behavioral Intention (BI) to engage
with Al-driven marketing tools.
e Hé: Convenience (CO) significantly influences Behavioral Intention (BI) to adopt Al-driven marketing
tools.
e H7: Entertainment (EN) significantly and positively influences Behavioral Intention (BI) to interact with
Al-driven marketing tools, moderated by demographic factors.
e HB8: Ethical Concerns (EC) influence the relationship between Behavioral Intention (BI) and Use Behavior
(UB).
The theoretical framework developed for the study is shown graphically in the following Figure 1.
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Figure 1: Conceptual Framework Illustration

3.3 Data Analysis

The current study applies reliability analysis and statistical analytical tools to analyze the data and test the
hypotheses. These methods are employed to establish the extent of the research perspective on the study
sample. Quantitative methods are valuable in research as they are used to score and appraise different events
and variables. In this research, reliability tests, Chi-square analysis, and multiple regression are employed as
methods of data analysis. These techniques are used to establish the reliability of the data, examine the
relationships between two or more variables, and test the hypotheses. Stata software is used for these analyses.

3.3.1 Graphical Method

The study employs the use of graphs to simply present the analytical data. Categorical data in this study is
summarized and graphically presented using bar charts and pie charts. Bar graphs are used to portray
differences between one set and another or between sets of discrete data. These types of diagrams make it easier
to understand how various categories of interest are connected. Although unlabeled, the length of the bars is
proportional to the degree of satisfaction or another variable. In contrast, pie charts are used to display
categories as a percentage of the whole. They offer a quick and easy way of translating the categories or
segments into the overall strategic picture. By using both bar charts and pie charts, this study improves
understanding of data, relationships, and distributions within and between variables. These graphical
representations make the study more comprehensible and lend further clarity to the findings.

3.3.2 Reliability Analysis
3.3.2.1 Cronbach’s Alpha

A Cronbach’s alpha value of 0.60 to 0.70 is considered acceptable, while a higher value signifies greater
reliability of the developed scale (Gliem & Gliem, 2003; Cortina, 1993). However, if the alpha is excessively high
(e.g., above 0.90), it could indicate redundancy among items, so moderate values (0.70 to 0.90) are typically
preferred.

Cronbach's alpha is a reliability coefficient rather than a statistical test. It can be mathematically expressed
as:

Nc
d@==—"—""""=
v+ (N —1)c
Were,
N =No. of items
¢ = Average covariance between pair of items

v = Average variance.
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3.3.2.2 Average Inter-Item Correlation

This approach is appropriate as it provides an alternative or supplementary measure of internal consistency,
especially useful for shorter scales. Correlations between 0.15 and 0.50 indicate acceptable internal consistency
without excessive redundancy among items. This method complements Cronbach’s alpha and offers further
validation for the reliability of the constructs.

3.4 Statistical Method

After the data analysis, statistical analytical methods were applied. These include independent sample t-tests
and multiple linear regression.

3.4.1 Chi-Square

The chi-square test examines the relationship between Al-based advertisements and product selection, the
influence of Al on targeted efforts, and consumer trends. It assesses the effect of tailored Al ads on purchase
decisions and explores the associations with age, gender, and educational credentials. Additionally, it evaluates
perceived risks related to the application of personal information for Al recommendations, highlighting the
challenges marketers face in applying Al and understanding customer concerns.

3.4.2 Multiple Linear Regression

Since the study aims to examine relationships between several independent variables (e.g., Performance
Expectancy, Effort Expectancy, Social Influence, Information-Seeking, Convenience, etc.) and the dependent
variable, customer behavior, multiple regression analysis is highly appropriate. This method allows the study
to test the influence of multiple predictors on each outcome variable, helping to validate the hypotheses by
estimating the strength and direction of these relationships. Multiple regression can also incorporate

moderating variables, such as ethical and privacy concerns, making it valuable for testing hypotheses in the
UTAUT + U&G integrated model.

3.5 Ethical considerations

The study ensured that participants were given informed consent by issuing a pre-statement before the survey
regarding the purpose of the study and guaranteeing that all data would remain anonymous. Participants were
informed that they could withdraw from the survey at any point. Data confidentiality was maintained through
anonymized responses; no personal identifying information was collected, other than age and general
demographic data. The research followed all the provisions of the GDPR concerning participant data privacy.
Furthermore, ethical approval was secured from the relevant institutional body overseeing the research project.

3.6 Empirical Framework

This study's empirical framework is based on the expanded UTAUT + U&G (Uses and Gratifications) model

and the Unified Theory of Acceptance and Use of Technology (UTAUT) model. These frameworks allow for a

detailed analysis of customer behavior and intentions regarding the use of Al-powered marketing tools.

Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), and Facilitating Conditions (FC) are

the four primary factors that impact Behavioral Intention (BI) and Use Behavior (UB) in the UTAUT model.
The following equation defines the connections between these constructs:

Bl =B, *PE+ B, * EE + B3 *SI + B, * (PE X Gender) + Bs * (EE X Gender) + B¢ * (SI X Gender) + f3,
* (PE X Age) + Bg * (EE X Age) + By * (SI X Age) + By * (PE X Qualification) + By,
* (EE X Qualification) + By, * (SI X Qualification) + € (D

Use Behavior (UB) is influenced by Bl and FC, represented by:
UB=a, *Bl+a, * FC+a; x (FC X Gender) + a, (FC x Age) + as * (FC X Qualification)e (2)

In this model, Performance Expectancy (PE) reflects consumers’ perception of how well they believe Al
understands their preferences compared to marketers. Effort Expectancy (EE) focuses on the extent to which
consumers experience Al in marketing, for instance, through the use of customized advertisements and
recommendation services. Social Influence (SI) targets Al-based pricing strategies in business and work-related
decisions and also addresses consumers’ views on the rise of personalized targeting and recommendations in
recent years, shaped by current corporate values. Facilitating Conditions (FC) describe the extent of consumer
ease with Al and the information gathering about their spending patterns for recommended products. In this
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case, Behavioral Intention (BI) examines the probability that Al-personalized ads will affect purchasing
behavior. Lastly, Use Behavior (UB) assesses whether consumers use paid or unpaid versions of Al software,
representing actual usage and measuring consumers’ interest in specific types of Al-based personalization
regarding their level of engagement.

In essence, the UTAUT + U&G model adds gratification constructs, which are: Information-Seeking (IS),
Social Interaction (SI), Entertainment (EN), and Convenience (CO), derived from the U&G theory. These
constructs have been included to capture the consumer’s motivators for engaging with Al-driven marketing
tools.

The relationships in this model are defined by the following equations:

Bl =B, *PE+ B, *EE+ B3 *SI + B, *IS+ s * EN + B, *CO + 8, = (SI X Gender) + Bg * (SI X Age) + f,

* (SI X Qualification) + € 3
UB=a, *Bl+a, *FC+ ay * (FC X Gender) + a, (FC X Age) + as * (FC X Qualification) + ag * SI + a,
* (SI X Gender) + ag * (SI X Age) + aq * (SI X Qualification) + € 4)

In the expanded model, Social Influence (SI) encompasses both UTAUT’s social influence and U&G’s social
interaction, examining the role of Al tool pricing in business-related decisions and consumers’ awareness of the
rise in customized advertising. Information-Seeking (IS) captures consumers’ stances on and beliefs about using
Al in their lives and in general, as well as their expectations regarding Al advancements. Entertainment (EN)
measures consumer opinions about the opportunities and threats associated with Al and reflects how much
consumers enjoy these technologies. Convenience (CO) embodies consumers’ apprehensions about how their
information will be utilized in making recommendation decisions, while also considering whether privacy
concerns would be sufficient to deter them from purchasing from specific brands.

These modifications to the empirical framework allow for a comprehensive examination of both
technology acceptance and psychological gratification factors, enhancing the study’s ability to analyze
consumer behavior toward Al-driven marketing tools.

4 Results and Discussions
4.1 Graphical Analysis

In total, the research gathered 54 responses, divided by gender, age, and qualification level. Among the
respondents, 20 are male and 34 are female (Figure 2), thus the majority of the dataset is female. By age, 33.3%
of the responses are from the 35-45 years age group, which is the largest age group in the study. The second
major age groups are 25-35 and 18-25 (Figure 3), which together account for 26 responses. Additionally, 18.5%
of the responses are from the 45-55 years group, and there were no responses from the 55+ group. Regarding
qualification, 35 respondents are postgraduates, 14 are graduates, and 5 are undergraduates.

Age
Consumer Gender 8 18
z 13 13
g 1 10
3 10
mMale S s .
M femall
emale 0
25-35 45-55 35-45 18-25
Age scale
Figure 2: Gender Classification Figure 3: Age Classification
Level Of Qualification
W postgraduate
B graduate

mundergraduate

Figure 4: Level of Qualification
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Influence Of Al-driven Insights on Targeted Marketing Strategies:

Most participants believe that Al-driven recommendations and advertisements are more relevant than
traditional marketing approaches. A total of 53.7% agree, 44.4% remain neutral, and only 1.9% disagree. Most
participants are also willing to allow the tailoring of ads for user satisfaction, with just 1.9% expressing
disagreement. Overall, more than half of the participants agree with the relevance and efficacy of Al-driven

recommendations.

Do you think that the ads and recommendations generated by Al
are more relevant to your preferances than the tradtional
advertising methods?

= agree = neutral disagree
Figure 5: Perception of Respondents towards Recommendations Generated by Al

The Effectiveness of Al in Predicting Consumer Purchasing Patterns and Preferences:

The success of Al in predictive analytics is important to marketers. Figure 6 shows that 63% of respondents
believe Al-based advertisements sometimes impact their purchasing decisions, while 16.7% report that they are
influenced very often. A smaller percentage report that they are never or hardly ever influenced, indicating that
while Al-based advertising is effective, it is not consistently so, and that consumer resistance and awareness

can play a role.

Do personalized Al driven ads influence your decision to buy
products?

e 16.7%

Never w0 3%
63.0%

Very Often oo 11.1%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

B Seriesl

Figure 6: Consumer Purchasing Patterns and Preferences

Consumer Familiarity with AI-Assisted Marketing Suggestions:

Figure 7 demonstrates that 53.7% of respondents know a little about AI in marketing, 24.1% are very familiar,
and 22.2% are not at all familiar. Most respondents are at least somewhat familiar with Al in marketing. This
indicates that familiarity with Al-driven marketing techniques is relatively high, although a significant portion
of respondents still lacks familiarity with these techniques.

How familiar you are with the use of Al in marketing (eg.,
personalized ads and product recommndation)?

Very familiar I 22.2%
Not familiar at all  INNEEGEGEGE 24.1%
Somewhat familiar NG 53.7%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Figure 7: Consumer Familiarity of Al-Assisted Marketing
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Challenges And Ethical Considerations for Marketers and Consumers:

Figure 8 shows that 89% of respondents agree, and Figure 8 indicates that companies should be more
transparent in their collection and use of consumer data. Additionally, 9% are neutral, and 2% do not agree.
The overwhelming majority of respondents believe that companies should be more transparent about their data
practices. This reflects a clear consumer desire for more control over and understanding of how personal data
is collected, stored, and used.

Do You Think Companies Should Provide More Transparency About
How They Collect And Use Your Data?

%%

Hyes HNo M Maybe

Figure 8: Consumer's Concern Regarding Ethical and Privacy Dilemmas
4.2 Reliability Analysis
4.2.1 Cronbach’s Alpha and Average Inter-Item Correlation

The reliability of the dataset was determined by computing Cronbach's alpha coefficient, yielding a result of 0.6
for 16 items, suggesting that the questions in the form have moderate consistency and reliability (Table 1). A
generally accepted rule is that an alpha of 0.6-0.7 indicates an acceptable level of reliability (Ursachi et al., 2015).
The Average Inter-Item Correlation (AIC) is 0.364, which falls within the recommended range of 0.15 to 0.50.
This suggests that the items are reasonably related and measure the same construct without being overly

redundant.
Table 1: Reliability Analysis Results

Average interitem correlation 0.364
Number of items 16
Cronbach’s alpha 0.6

4.3 Statistical Analysis
4.3.1 Chi-square Test

Chi-square test results demonstrate a statistically significant relationship between the ability of Al to use
consumer preferences for analysis and the influence of Al-personalized advertisements on decision-making (x2
= 18.281, p = 0.032). Consumers who depend on Al-derived purchase recommendations interact highly with
tailored advertisements (x?=20.768, p = 0.002), providing evidence of successful Al-based marketing. However,
demographic variables such as age, gender, or education do not significantly affect Al advertisement
effectiveness. Furthermore, privacy concerns related to Al do not result in brand avoidance, as shown by a non-
significant Chi-square measure (x2=4.537, p > 0.05).

Table 1: Chi-Square Statistics

Association Chi-Square p-
Value
Personalized Al-driven ads influence decision-making, vs. Al, better understanding of 18.281 0.032%**

consumer preferences

Purchased products based on Al recommendations vs. Personalized Al ads influence 20.768 0.002***
decision-making

Consumer demographics vs. Personalized Al-driven ads influence decision-making.

- By Age 9.987 0.352
- By Gender 2.623 0.454
- By Qualification 7.7 0.261
Concern about Al using personal data vs. avoiding brands due to Al using personal data 4.537 0.338

Note ***, ** * indicates significance level at 1%,5% and 10% confidence interval.
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4.3.2 Multiple Linear Regression
4.3.2.1 UTUAT Model

This paper investigates the effects of perceived ease of use (EE), social influence (SI), and the cross-level
moderation effects of qualification and gender on behavioral intention (BI), with specific attention to purchase
intention from personalized Al ads. EE has a positive effect on Bl, as users who are comfortable using Al systems
tend to interact more with Al-based personalized advertising. SI suggests that pricing influences business
choices in selecting Al tools, and that product norms and social norms can discourage consumers from adopting
Al systems. The relationship between EE and BI is moderated by gender, but with a negative coefficient,
indicating that gender-specific methods in marketing Al tools could maximize the effectiveness of social
influence messages. Qualification reduces the relationship between EE and BI, suggesting that educational
levels may moderate the effect of perceived ease of use on behavioral intentions. These findings can be applied
to modifying Al technology strategies by taking into account factors such as social pressure and demographic
granularity, including gender and qualification.

Table 3: UTUAT Model 1 Estimation

Behavioral Intention (BI) Coef. Std. Err. T P>Itl
Performance Expectancy (PE) -0.099 0.272 -0.370 0.716
Effort Expectancy (EE) 1.562 0.460 3.400 0.002%**
Social Influence (SI) -1.233 0.345 -3.580 0.0017***
PE2* Gender -0.180 0.138 -1.310 0.197
EE*Gender -0.686 0.221 -3.100 0.003***
SI*Gender 0.806 0.208 3.880 0.000***
PE*Qualification 0.157 0.100 1.570 0.123
EE*Qualification -0.322 0.177 -1.820 0.075*
SI*Qualification 0.236 0.160 1.480 0.147
PE*Age -0.066 0.060 -1.090 0.281
EE*Age 0.053 0.113 0.470 0.638
SI* Age 0.035 0.090 0.380 0.702
Constant 2.067 0.457 4.520 0.000***
Prob>F 0.0012***

R-squared 0.5084

Adj R-squared 0.3646

Note *** ** * indicates significance level at 1%,5% and 10% confidence interval.

The research tests the interaction between Facilitating Conditions (FC) and User Behavior (UB) within the
UTAUT model. The findings reveal that Behavioral Intention (BI) has a positive but insignificant relationship
with UB, which may indicate the presence of other influential variables. The interaction is moderated by gender,
such that positive views toward Al-enabled personalized recommendations play a more prominent role among
certain groups. The relationship is also mediated by age, with younger users more readily accepting Al systems,
while older users may require additional prompting. The model is significant at the 5% level, implying that
these predictors capture a substantial portion of the variance in UB.

Table 2: UTUAT Model 2 Estimations

Use Behavior (UB) Coef. Std. Err. t P>1tl
Behavioral Intention (BI) 0.080 0.202 0.390 0.695
Facilitating Conditions (FC) 0.199 0.317 0.630 0.533
FC *Gender 0.347 0.120 2.890 0.006***
FC*Age -0.199 0.062 -3.180 0.003***
FC*Qualification 0.000 0.108 0.000 0.997
Constant 1.728 0.664 2.600 0.012***
Prob > F 0.0257***
R-squared 0.2275
Adj R-squared 0.1470

Note ***, ** * indicates significance level at 1%,5% and 10% confidence interval
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4.3.2.2 Modified Theoretical Model

This research employs the integrated UTAUT model and U&G (Uses and Gratifications) model to analyze the
effect of personalized Al-based advertisements on users' purchasing behavior. The study evaluates
Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), and other variables such as
Information-Seeking (IS), Entertainment (EN), and Convenience (CO). The negative sign of PE indicates that
users who believe Al can better understand their preferences than human marketers are less likely to utilize
personalized Al ads. Comfort level with Al used in everyday life, such as personalized advertisements and
profiles, decreases perceived complexity and increases ease with Al technology. In contrast, CO exerts a
negative influence on BI directly, which may indicate that individuals are not eager to be influenced by Al-
enabled ads when making their own decisions. At the 5% significance level, these predictors explain a high
proportion of the variability in Behavioral Intention (BI).

Table 3: Modified Model 1 Estimation

Behavioral Intention (BI) Coef. Std. Err. t P>1tl
Performance Expectancy (PE) -0.206 0.076 -2.720 0.009***
Effort Expectancy (EE) 0.281 0.157 1.780 0.081*
Social Influence (SI) -0.022 0.235 -0.090 0.926
Information-Seeking (IS) -0.210 0.156 -1.350 0.184
Entertainment (EN) 0.050 0.102 0.500 0.623
Convenience (CO). -0.219 0.110 -1.990 0.053*
SI* Gender 0.098 0.086 1.150 0.257
SI* Age 0.029 0.039 0.750 0.455
SI* Qualification 0.035 0.076 0.460 0.648
Contant 3.162 0.721 4.390 0.000***
Prob>F 0.0443***

R-squared 0.3061

Adj R-squared 0.1642

Note ***, ** * indicates significance level at 1%,5% and 10% confidence interval

The analysis determines that Behavioral Intention (BI) profoundly impacts the Use Behavior (UB) of Al software
usage, such that individuals with greater behavioral intentions are highly likely to adopt either paid or free
versions. Social Influence (SI) is directly and positively related to UB and is statistically significant at the 5%
level, implying that organizational or professional influence can shape users’ decisions to incorporate Al tools.
However, the role of SI in moderating the relationship between Qualification and UB is negative and
insignificant at the 10% level. Across all three levels of social influence, the intensity of the effect on qualification
decreases as educational levels rise. This suggests that highly educated individuals may rely more on their own
judgment when deciding whether to adopt Al software.

Table 4: Modified Model 2 Estimations

Use Behavior (UB) Coef. Std. Err. t P>1tl
Behavioral Intention (BI) 0.575 0.318 1.810 0.077*
Facilitating Conditions (FC) -0.727 0.596 -1.220 0.229
FC *Gender 0.363 0.238 1.530 0.134
FC*Age -0.056 0.134 -0.420 0.678
FC*Qualification 0.309 0.224 1.380 0.175
Social Influence (SI) 0.896 0.433 2.070 0.044***
SI* Gender -0.089 0.181 -0.490 0.626
SI* Age -0.098 0.086 -1.140 0.259
SI* Qualification -0.296 0.176 -1.690 0.099*
Constant 0.357 0.922 0.390 0.701
Prob > F = 0.0318**

R-squared = 0.3208

AdjR-squared = 0.1819

Note ***** * indicates significance level at 1%,5% and 10% confidence interval
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5 Conclusion

Artificial intelligence (AI) marketing has become extremely beneficial in the marketing field due to the
tremendous increase in internet usage, offering personalized data and insights about customers. Big data and
Al work together to precisely identify customer trends and preferences for businesses. Targeted advertisements
and predictive activations are becoming cornerstones of customer relationship marketing strategies. However,
these developments also raise moral concerns about data security, usage, disclosure, and customer trust. This
study addresses customer perceptions of Al in marketing, its effect on immediate consumer purchases,
consumer interactions, and the ethical challenges that could undermine trust in Al marketing systems.

In an increasingly Al-driven world, companies seeking to successfully implement Al technologies while
preserving customer loyalty and trust must address these challenges. The study employs the chi-square test to
examine the relationships between variables and reliability tests such as Cronbach's Alpha and Average Inter-
Item Correlation to evaluate the validity of survey results. The theoretical framework integrates the Unified
Theory of Acceptance and Use of Technology (UTAUT) with the Uses and Gratifications Theory (U&G),
demonstrating how Al can build enduring relationships between brands and consumers, thus becoming an
essential component of the contemporary marketing mix.

The chi-square analysis and reliability tests offer valuable insights into consumer attitudes and behaviors
regarding AI marketing. Customers favor Al-powered recommendations and internet advertisements over
traditional marketing tactics. The majority acknowledge that targeted advertisements have a favorable impact
on their purchasing decisions, even though a smaller percentage have encountered Al-driven marketing.
Notably, 89% of participants expressed a desire for greater control over their data, underscoring consumer
demands for privacy and autonomy. Chi-square analysis further demonstrates a correlation between Al's ability
to assess customer preferences, the efficacy of tailored ads, and improved decision-making across different age
and gender groups. Importantly, while privacy remains a priority, consumers do not abandon brands solely
over privacy concerns.

Regression models provide further insights into the benefits and challenges of Al-assisted marketing. The
insignificance of Performance Expectancy (H1) indicates consumer skepticism about Al's ability to predict
preferences, consistent with Venkatesh et al. (2003), who observed that performance expectancy is less
influential when users are uncertain about a technology's efficacy. In contrast, Effort Expectancy (H2) positively
influences Behavioral Intention, supporting Davis (1989) and Venkatesh et al. (2003), who emphasized the
importance of ease of use in technology acceptance. Social Influence (H3) negatively affects Behavioral
Intention, implying that external pressures may create resistance if Al marketing is perceived as intrusive —
contrary to Gopinath and Narayanamurthy (2022), who found social influence to be a positive driver of Al
adoption. Facilitating Conditions (H4) were found to be insignificant in predicting Use Behavior, deviating from
Venkatesh et al. (2003), who highlighted their importance.

Additionally, gratification factors show mixed results: Information-Seeking (H5) and Entertainment (H7)
were rejected, while Convenience (H6) was accepted but with a negative significance, suggesting that
consumers prioritize utilitarian benefits over entertainment or psychological gratifications when engaging with
Al marketing tools. This aligns with Sage Kelly et al. (2023), who found perceived convenience to be a stronger
driver than entertainment. Ethical concerns (H8) emerged as significant barriers to the link between Behavioral
Intention and Use Behavior, supporting findings by Martin et al. (2017) and Lwin et al. (2007) that privacy
concerns are central to building trust in AI marketing environments.

These findings highlight the need for Al marketing research to move beyond emphasizing transactional
advantages and focus on increasing the perceived value of Al technologies. The ability of Al to adapt to various
consumer preferences, demographic diversity, usability factors, and purchase patterns remains critical. This
supports Chaffey's (2019) suggestion that Al products should be tailored to meet specific consumer needs and
preferences, and is reinforced by Huang and Benyoucef (2013), who emphasized the role of demographic factors
in successfully leveraging Al-based marketing strategies to boost adoption and engagement.

5.1 Recommendations

Several key suggestions have been proposed to enhance the efficacy, acceptability, and ethical application of Al
in marketing in light of the study's findings:

¢ Improve Usability and Trust:

Marketing strategists should address usability challenges associated with Al to effectively influence consumer
behavior. This includes removing obstacles by making Al interfaces simpler to use, debunking misconceptions
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through transparent communication, and ethically utilizing demographic data to manage trust while fulfilling
social and psychological needs. Employing the UTAUT and U&G frameworks has proven beneficial in
examining consumer satisfaction and technology adoption. Although gratification factors do not have a major
impact, Al functions can be enhanced to better satisfy deeper consumer demands for relevance, trust, and
contentment. Consequently, in today’s technologically advanced world, businesses can use Al to strengthen
consumer relationships and foster brand loyalty.

¢ Ensure Transparent and Ethical Data Handling;:

Given the high levels of concern regarding data privacy and transparency, businesses must adopt transparent
and ethical data handling practices. Communicating openly about how data is collected, stored, and used will
enable Al-based marketing strategies to achieve higher levels of consumer trust and engagement.

¢ Enhance Accuracy and Relevance of Al Recommendations:

Since behavioral intention was not significantly impacted by performance expectancy, Al recommendations
should be made more accurate and relevant. This requires investing in more sophisticated algorithms and
continuously incorporating actual user feedback to improve Al outputs.

o Tailor AI Marketing to Demographic Factors:

Marketers should tailor Al-specific marketing efforts based on demographic variables such as age, gender, and
educational attainment, given the evidence that demographics moderate adoption behavior. Doing so can
deepen relationships with target consumers and enhance message relevance.

¢ Address Negative Social Influence:

It is critical to alter public perceptions of Al in marketing, as social influence was found to negatively impact
behavioral intention. Educational campaigns highlighting the advantages and ethical application of Al can be
launched to reduce skepticism and increase social acceptance.

¢ Balance Convenience with Ethical Engagement:

While convenience is a strong motivator, it must be interpreted with caution. Marketers should avoid making
Al tools overly invasive or manipulative in their pursuit of user engagement. Instead, users should be
empowered with creative opt-in choices and offered customizable preference settings to maintain trust and
satisfaction.

¢ Directions for Future Research:

Future research could explore the long-term effects of Al-based marketing on consumer trust and brand loyalty,
particularly across diverse demographic groups. Further studies are recommended to investigate how Al can
foster greater ethics and transparency, especially concerning culturally diverse consumer markets. Expanding
the research to include broader and more representative consumer populations would help validate and refine
the current findings. Moreover, exploring Al-based personalization techniques that can effectively address
privacy concerns would provide businesses with pathways to maximize Al's potential while upholding ethical
standards and customer trust.

¢ Data Availability

The data supporting the findings of this study are available from the corresponding author upon reasonable
request.

References:

Adamopoulou, E., & Moussiades, L. (2020). Chatbots: History, technology, and applications. Machine Learning with
Applications, 2, 100006. [CrossRef]

Ali, A. A. S. (2021). Al-natural language processing (NLP). International Journal for Research in Applied Science and Engineering
Technology, 9(VIII), 135-140. [CrossRef]

Andrew, M. (2017). The business of artificial intelligence: What it can—and cannot—do for your organization. Harvard
Business Review Digital Articles, 7, 3-11.

Biswas, K., & B, G. P. (2023). Role of artificial intelligence (Al) in changing consumer buying behavior. International Journal
of Research Publication and Reviews, 04(02), 943-951. [CrossRef]

Chaffey, D., & Ellis-Chadwick, F. (2019). Digital marketing: Strategy and implementation. Pearson Education.

Chen, C. Y. (2006). The comparison of structure differences between internet marketing and traditional marketing.
International Journal of Management and Enterprise Development, 3(4), 397. [CrossRef]

Cole, C. (2007). Consumer behavior. In Elsevier eBooks (pp. 307-315). [CrossRef]


https://doi.org/10.1016/j.mlwa.2020.100006
https://doi.org/10.22214/ijraset.2021.37293
https://doi.org/10.55248/gengpi.2023.4227
https://doi.org/10.1504/ijmed.2006.009088
https://doi.org/10.1016/b0-12-370870-2/00040-8

Consumer Behavior Toward Al-Driven Marketing: Insights from UTAUT and Uses and Gratifications Models 437

Copeland, B. (2024). Artificial intelligence (AI) | Definition, examples, types, applications, companies, & facts. Encyclopedia
Britannica. https://www britannica.com/technology/artificial-intelligence

Davenport, T. H. (2018). From analytics to artificial intelligence. Journal of Business Analytics, 1(2), 73-80. [CrossRef]

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS
Quarterly, 13(3), 319. [CrossRef]

Devang, V., Chintan, S., Gunjan, T., & Krupa, R. (2019). Applications of artificial intelligence in marketing. Annals of Dunarea
De Jos University of Galati Fascicle I Economics and Applied Informatics, 25(1), 28-36. [CrossRef]

Di Crosta, A., Ceccato, I, Marchetti, D., La Malva, P., Maiella, R., Cannito, L., Cipi, M., Mammarella, N., Palumbo, R,
Verrocchio, M. C,, & Di Domenico, A. (2021). Psychological factors and consumer behavior during the COVID-19
pandemic. PLOS ONE, 16(8), €0256095. [CrossRef]

Dignum, V. (2018). Ethics in artificial intelligence: Introduction to the special issue. Ethics and Information Technology, 20, 1-
3. [CrossRef]

Du, S., & Xie, C. (2020). Paradoxes of artificial intelligence in consumer markets: Ethical challenges and opportunities. Journal
of Business Research, 129, 961-974. [CrossRef]

Durmaz, Y., & Efendioglu, I. H. (2016). Travel from traditional marketing to digital marketing. Global Journal of Management
and Business Research, 35-40. [CrossRef]

Edelman, D. C., & Abraham, M. (2022). Customer experience in the age of Al. Harvard Business Review, 100(3-4), 116-125.

Galiana, L. I, Gudino, L. C., & Gonzalez, P. M. (2024). Ethics and artificial intelligence. Revista Clinica Espariola (English
Edition), 224(3), 178-186. [CrossRef]

George, J. F. (2004). The theory of planned behavior and Internet purchasing. Internet Research, 14(3), 198-212. [CrossRef]

Gera, R, & Kumar, A. (2023). Artificial intelligence in consumer behavior: A systematic literature review of empirical
research papers published in marketing journals (2000-2021). Academy of Marketing Studies Journal, 27(S1), 1-15.

Ghabban, M., Marwan, M., Alsughayyir, Y., Marzouq, A., & Khalid, M. (2024). Strategic adaptations and long-term
organizational change in technology companies post-pandemic: An analysis of remote work implementation and its
implications. International Journal for Scientific Research, 3(5), 9. [CrossRef]

Gielens, K., & Steenkamp, J. E. (2019). Branding in the era of digital (dis)intermediation. International Journal of Research in
Marketing, 36(3), 367-384. [CrossRef]

Gkikas, D. C., & Theodoridis, P. K. (2021). Al in consumer behavior. In Learning and analytics in intelligent systems (pp. 147-
176). Springer. [CrossRef]

Gopinath, K., & Narayanamurthy, G. (2022). Early bird catches the worm! Meta-analysis of autonomous vehicles adoption
— Moderating role of automation level, ownership, and culture. International Journal of Information Management, 66,
102536. [CrossRef]

Giilsen, 1. (2019). Artificial intelligence applications and benefits in businesses. Journal of Consumer and Consumption Research,
11(2), 407-436.

Huang, M., & Rust, R. T. (2018). Artificial intelligence in service. Journal of Service Research, 21(2), 155-172. [CrossRef]

Huang, Z., & Benyoucef, M. (2013). From e-commerce to social commerce: A close look at design features. Electronic
Commerce Research and Applications, 12(4), 246-259. [CrossRef]

Indiani, N. L. P., Amerta, . M. S,, & Sentosa, I. (2024). Exploring the moderation effect of consumers’ demography in the
online purchase behavior. Cogent Business & Management, 11(1), 2393742. [CrossRef]

abbar, A., tar, P, ani, S. . Real-time bi ata processing for instantaneous marketin ecisions:
Jabbar, A., Akhtar, P, & Dani, S. (2019). Real-time big data p ing for i keting decisions: A
problematization approach. Industrial Marketing Management, 90, 558-569. [CrossRef]

Jain, V., Wadhwani, K., & Eastman, J. K. (2023). Artificial intelligence consumer behavior: A hybrid review and research
agenda. Journal of Consumer Behaviour, 23(2), 676-697. [CrossRef]

Kalla, D., Smith, N., Samaah, F., & Kuraku, S. (2023). Study and analysis of chat GPT and its impact on different fields of
study. International Journal of Innovative Science and Research Technology, 8(3).

Kelly, S., Kaye, S.-A., & Oviedo-Trespalacios, O. (2023). What factors contribute to the acceptance of artificial intelligence?
A systematic review. Telematics and Informatics, 77, 101925. [CrossRef]

Kreutzer, R., & Sirrenberg, M. (2020). Understanding artificial intelligence: Fundamentals, use cases, and methods for a corporate Al
journey. Springer. [CrossRef]


https://www.britannica.com/technology/artificial-intelligence
https://doi.org/10.1080/2573234x.2018.1543535
https://doi.org/10.2307/249008
https://doi.org/10.35219/eai158404094
https://doi.org/10.1371/journal.pone.0256095
https://doi.org/10.1007/s10676-018-9450-z
https://doi.org/10.1016/j.jbusres.2020.08.024
https://doi.org/10.34257/gjmbrevol22is2pg35
https://doi.org/10.1016/j.rceng.2024.02.003
https://doi.org/10.1108/10662240410542634
https://doi.org/10.59992/IJSR.2024.v3n5p9
https://doi.org/10.1016/j.ijresmar.2019.01.005
https://doi.org/10.1007/978-3-030-80571-5_10
https://doi.org/10.1016/j.ijinfomgt.2022.102536
https://doi.org/10.1177/1094670517752459
https://doi.org/10.1016/j.elerap.2012.12.003
https://doi.org/10.1080/23311975.2024.2393742
https://doi.org/10.1016/j.indmarman.2019.09.001
https://doi.org/10.1002/cb.2233
https://doi.org/10.1016/j.tele.2022.101925
https://doi.org/10.1007/978-3-030-25271-7

Consumer Behavior Toward Al-Driven Marketing: Insights from UTAUT and Uses and Gratifications Models 438

Loureiro, S. M. C.,, Guerreiro, J., & Tussyadiah, I. (2020). Artificial intelligence in business: State of the art and future research
agenda. Journal of Business Research, 129, 911-926. [CrossRef]

Lwin, M., Williams, J. D., & Wirtz, ]J. (2007). Consumer online privacy concerns and responses: A power-responsibility
equilibrium perspective. Journal of the Academy of Marketing Science, 35(4), 572-585. [CrossRef]

Martin, K. D., Borah, A., & Palmatier, R. W. (2017). Data privacy: Effects on customer and firm performance. Journal of
Marketing, 81(1), 36-58. [CrossRef]

Mason, A., Narcum, J., & Mason, K. (2020). Changes in consumer decision-making resulting from the COVID-19 pandemic.
Journal of Customer Behaviour. [CrossRef]

Mustak, M., Salminen, J., P1é, L., & Wirtz, J. (2021). Artificial intelligence in marketing: Topic modeling, scientometric
analysis, and research agenda. Journal of Business Research, 124, 389-404. [CrossRef]

Nagy, S., & Hajdu, N. (2021). Consumer acceptance of the use of artificial intelligence in online shopping: Evidence from
Hungary. Amfiteatru Economic, 23(56), 155. [CrossRef]

Nair, S. R. (2009). Consumer behavior and marketing research: Text and cases (Rev. ed.). Himalaya Pub. House.
http://site.ebrary.com/id/10415520

Naz, H., & Kashif, M. (2024). Artificial intelligence and predictive marketing: An ethical framework from managers’
perspective. Spanish Journal of Marketing - ESIC. [CrossRef]

Okeleke, N. P. A., Ajiga, N. D., Folorunsho, N. S. O., & Ezeigweneme, N. C. (2024). Predictive analytics for market trends
using Al: A study in consumer behavior. International Journal of Engineering Research Updates, 7(1), 036-049. [CrossRef]

Pascalau, S. V., & Urziceanu, R. M. (2021). Traditional marketing versus digital marketing. Agora International Journal of
Economical Sciences, 14. [CrossRef]

Pavaloaia, V., & Necula, S. (2023). Artificial intelligence as a disruptive technology —A systematic literature review.
Electronics, 12(5), 1102. [CrossRef]

Raji, N. M. A, Olodo, N. H. B,, Oke, N. T. T,, Addy, N. W. A,, Ofodile, N. O. C,, & Oyewole, N. A. T. (2024). E-commerce
and consumer behavior: A review of Al-powered personalization and market trends. GSC Advanced Research and Reviews,
18(3), 066—077. [CrossRef]

Ransbotham, S., Kiron, D., Gerbert, P., & Reeves, M. (2017). Reshaping business with artificial intelligence: Closing the gap
between ambition and action. MIT Sloan Management Review, 59(1).

Sheth, J. (2020). Impact of COVID-19 on consumer behavior: Will the old habits return or die? Journal of Business Research,
117, 280-283. [CrossRef]

Taddeo, M., & Floridi, L. (2018). How Al can be a force for good. Science, 361, 751-752. [CrossRef]
Topol, E. J. (2019). Deep medicine: How artificial intelligence can make healthcare human again. Basic Books.

Van Den Broeck, E., Poels, K., & Walrave, M. (2017). A factorial survey study on the influence of advertising place and the
use of personal data on user acceptance of Facebook ads. American Behavioral Scientist, 61(7), 653—-671. [CrossRef]

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance of information technology: Toward a
unified view. MIS Quarterly, 27(3), 425-478. [CrossRef]

Volkmar, G., Fischer, P. M., & Reinecke, S. (2022). Artificial intelligence and machine learning: Exploring drivers, barriers,
and future developments in marketing management. Journal of Business Research, 149, 599-614. [CrossRef]

Wang, C., Ahmad, S. F., Ayassrah, A. Y. B. A.,, Awwad, E. M,, Irshad, M., Alj, Y. A,, Al-Razgan, M., Khan, Y., & Han, H.
(2023). An empirical evaluation of technology acceptance model for artificial intelligence in e-commerce. Heliyon, 9(8),
€18349. [CrossRef]

Wang, S., Chen, Z, Xiao, Y., & Lin, C. (2021). Consumer privacy protection with the growth of Al-empowered online
shopping based on the evolutionary game model. Frontiers in Public Health, 9. [CrossRef]


https://doi.org/10.1016/j.jbusres.2020.11.001
https://doi.org/10.1007/s11747-006-0003-3
https://doi.org/10.1509/jm.15.0497
https://doi.org/10.1362/147539220x16003502334181
https://doi.org/10.1016/j.jbusres.2020.10.044
https://doi.org/10.24818/ea/2021/56/155
http://site.ebrary.com/id/10415520
https://doi.org/10.1108/sjme-06-2023-0154
https://doi.org/10.53430/ijeru.2024.7.1.0032
https://doi.org/10.15837/aijes.v14i0.4202
https://doi.org/10.3390/electronics12051102
https://doi.org/10.30574/gscarr.2024.18.3.0090
https://doi.org/10.1016/j.jbusres.2020.05.059
https://doi.org/10.1126/science.aat5991
https://doi.org/10.1177/0002764217717560
https://doi.org/10.2307/30036540
https://doi.org/10.1016/j.jbusres.2022.04.007
https://doi.org/10.1016/j.heliyon.2023.e18349
https://doi.org/10.3389/fpubh.2021.705777

Global Journal of Economics and Business (GJEB)
JlaeSllg sLiazidl 2t Lall bl Boonomicaand

Business

:l_élj
—~ REFAAD

www.refaad.com

Journal Homepage: https://www.refaad.com/Journal/Index/2

E-ISSN 2519-9293 | P-ISSN 2519-9285
Vol. 15, Issue 4, 2025, pp. 439 - 470

Rz

Is Islamic Financial Portfolio Allocation Sufficient
During Economic

to Safeguard Investors
Downturns?

Imtithel SENDI DHAHRI"

Buloze) HE Aeadlud| AW 315991 8 sLetiua¥] Ja
§55Lard¥l 398,11 Slis JM> ¢ petiead

1 Assistant Professor at the College of Administration and Economics,

Umm Al-Qura University, Kingdom of Saudi Arabia.

* Corresponding Author: Imtithel DHAHRI (imtithel sendi@yahoo.com)

o Accepted Revised Received
Sed! J,.cj Czdl daxl S| ‘z)ﬁ_uﬂ
This file is licensed under a 2025/6/22 2025/4/27 2025/4/3
Creative Commons Attribution 4.0 International DOI: https://doi.org/10.31559/GJEB2025.15.4.5
Abstract: tuasdd

Objectives: This study aims to explore the dynamic
interactions between Islamic and conventional financial
markets at both national and international levels. It also
evaluates the role of Islamic indices in enhancing portfolio
performance and resilience, particularly during periods of
economic stress such as the COVID-19 recession.

Methods: The research employs a Vector Autoregressive
(VAR) model, Granger causality tests, impulse response
functions, and variance decomposition to analyze market
interdependencies.

Results: The empirical findings reveal asymmetric
relationships between Islamic and conventional markets.
While Islamic markets are significantly influenced by
conventional markets, the reverse effect is minimal. National
Islamic indices exert a stronger influence on global Islamic
trends than they receive, suggesting limited global
integration within Islamic finance sector. In contrast,
exhibit
Portfolio

conventional — markets strong  bidirectional

interdependence. analysis  indicates that
international diversification, particularly through Islamic
indices, enhances resilience and performance. Islamic assets
yielded higher returns with lower risk during the COVID-19
crisis.

Conclusions: Islamic financial instruments can serve as
effective stabilizing assets during periods of economic
uncertainty. The study highlights the strategic importance of
Islamic finance in global portfolio diversification and risk
management. The results support the inclusion of Islamic
indices in international investment strategies to improve
stability and performance, especially in turbulent market
conditions.

Keywords: Islamic finance; conventional finance; VAR model;
Granger  causality; impulse response function; variance
decomposition;  financial —market interdependence; portfolio
diversification; COVID-19 recession; risk management.
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1 Introduction

Islamic finance has seen impressive growth over the years, with global assets reaching $3.374 trillion in 2020.
According to Refinitiv’s 2021 Islamic Finance Development Indicator, this upward trend is expected to continue,
with assets projected to exceed $4.94 trillion by 2025. The assessment of Islamic and conventional assets
concerning risk and return constitutes a pivotal area of research, particularly in the context of portfolio
optimization strategies .As Islamic finance continues to expand globally, the comparative performance of
Islamic and conventional assets, along with their role in portfolio allocation, has become an area of growing
interest in both academic research and financial markets. A fundamental question in this discourse is whether
Islamic assets provide distinct advantages in terms of risk-adjusted returns or if their performance closely
parallels that of conventional financial instruments.

Over the past forty years, Islamic financial institutions have launched a wide range of Sharia-compliant
products and services across the globe (Seho et al. 2020, Sunitha et al. 2019), and (AlSharari & Alhmoud, 2019)).
These offerings span various sectors, including consumer finance, investment banking, poverty alleviation,
venture capital, and small and medium enterprise financing (Jaballah et al., 2018, Ben Jedidia & Guerbouj, 2020).
The financing methods primarily fall into two categories: equity-based models—such as Musharakah,
Diminishing Musharakah, and Mudarabah —and asset-backed structures like Murabaha, ljarah, Salam, and
Istisna (Bani Ata, 2019 & Sherif, 2020). In addition, other frequently used services include Qardh al-Hasan
(benevolent loans), Bay al-Sarf (currency exchange), and agency-based transactions.

Numerous Islamic scholars believe that Islamic finance possesses not only the capacity to address the
economic repercussions of global crises such as the COVID-19 pandemic but also the potential to position itself
as a viable alternative to the conventional financial system (Pitluck, 2012 & Pervez, 1990). Following the 2008
global financial crisis, the recent pandemic has served as another critical juncture for Islamic finance to
demonstrate its resilience and relevance (Richardson, 2006). Rooted in the principles of risk-sharing, ethical
conduct, and moral responsibility, Islamic finance is viewed as a mechanism capable of protecting the interests
of the economically vulnerable during periods of instability (Mirakhor, 2010). Its significance is particularly
evident in its pursuit of equitable income distribution and the promotion of socio-economic justice (Sakai, 2014).
Specialized Islamic microfinance institutions play a vital role by offering accessible financial solutions to low-
income individuals and micro-entrepreneurs, thereby contributing to poverty reduction and improved living
standards (Rahim Abdul Rahman, 2010). One of the central aims of Islamic finance is to offer a value-based
alternative that aligns with Islamic ethical norms, especially for Muslim communities (Aliyuet al. (2017)). It
prohibits involvement in unethical activities such as gambling, and the trade of alcohol or explicit materials.
Although Islamic financial institutions were not entirely immune to the 2008 financial crisis, they experienced
relatively less disruption compared to conventional systems (El-Gamal, 2008).

Research on the performance of Islamic Finance has produced mixed findings. While some studies indicate
that Islamic equities outperform their conventional counterparts, others report no statistically significant
difference in performance. Additionally, certain studies suggest that conventional stocks may yield superior
returns under specific market conditions. These variations highlight the complexity of financial market
dynamics and the necessity for a context-specific analysis when assessing investment performance.

The comparison of mean-variance efficiency between Islamic and conventional assets plays a vital role in
optimizing portfolios. A lot of research has been done to assess how these asset classes perform across various
financial markets and investment types. For example, Bialkowski et al. (2012), and Hoepner et al. (2011) have
provided substantial evidence supporting the profitability of Islamic stocks, indicating their potential as viable
investment options. Another study focused on exchange-traded funds (ETFs) found that Islamic ETFs actually
outperformed both conventional ETFs and the market benchmark index when it came to risk-adjusted
performance metrics. Plus, Islamic ETFs showed lower volatility, which means they carry less risk compared to
their conventional counterparts (Alam, 2013).

Furthermore, research on Malaysian stocks indicates that Islamic stocks have greater mean-variance
efficiency, as shown by their lower annualized standard deviation, which falls between 3.43% and 3.78%
compared to non-Islamic stocks. This reduced volatility points to lower risk and greater stability in Islamic
stocks compared to conventional ones (Akhtar & Jahromi, 2017). Adekunle and Masih (2017) conducted a study
on Sukuk and found that these Islamic financial instruments provide significant diversification benefits for
investors, especially during periods of market turbulence. All these findings suggest that Islamic financial
instruments could help improve portfolio stability and enhance risk-return efficiency.
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Combining Islamic and conventional assets in a portfolio can indeed provide a more stable return profile
during recessions. This stability is attributed to the unique characteristics of Islamic finance, which emphasizes
ethical investment principles and risk-sharing mechanisms that align financial activities with the real economy.
The integration of these assets can enhance diversification and reduce volatility, offering a more resilient
investment strategy during economic downturns. Islamic finance principles, such as the prohibition of interest
and speculative activities, contribute to the resilience of Islamic banks during financial crises. This framework
fosters long-term stability by aligning financial activities with tangible economic assets (Alisic et al., 2024).
Including Islamic assets in a portfolio can expand the mean-variance frontier, reducing volatility linkages by
up to 3.16 percentage points. This diversification benefit arises from the distinct information sets and lower
cross-market hedging between Islamic and conventional markets (Akhtar et al., 2023). Asl et al., 2023 showed
that employing advanced optimization techniques, such as EWMA and DCC, can yield portfolios that
outperform conventional ones across various risk-adjusted performance measures, particularly during crisis
periods. Mirza et al. (2025) demonstrated that portfolios incorporating Sharia-compliant investments with
dynamic monthly rebalancing exhibited superior performance, characterized by higher Sharpe ratios and
greater resilience during periods of market turbulence. Their findings further indicated that dynamic
optimization techniques, such as monthly rebalancing, effectively enhance asset allocation by maximizing
returns while minimizing risk.

The emergence of the COVID-19 pandemic in early 2020 significantly disrupted global financial markets,
leading to widespread volatility. Stock markets across the world experienced substantial disruptions, with U.S.
markets activating circuit breakers twice within a single week, and similar patterns observed in other major
economies. Numerous studies have concluded that the market turbulence induced by the COVID-19 pandemic
was comparable to, or even more severe than, the financial crisis of 2008. Combining Islamic and conventional
assets in a portfolio can indeed provide a more stable return profile during recessions. This integration leverages
the unique characteristics of Islamic finance, which emphasizes ethical investing and risk-sharing, potentially
enhancing portfolio resilience. Asl et al. (2023) established that Islamic asset outperformed their conventional
counterparts during market downturns, as evidenced by higher Sharpe ratios and superior risk-adjusted
returns. Likewise, Hamma et al. (2024) found that incorporating Islamic investments enhances diversification
and mitigates risk during periods of market turbulence. Similarly, Bulut (2025) identified that the Dow Jones
Islamic Index offered substantial diversification benefits, especially during phases of heightened market
volatility, such as the COVID-19 crisis.

Numerous studies indicate that while Islamic portfolios demonstrate strong risk management capabilities
and yield favorable short-term returns during economic downturns, conventional investment strategies may
still offer advantages in long-term growth. This underscores the importance of contextual factors in investment
decision-making. For instance, Hayat and Kraeussl (2011) present limited evidence supporting the profitability
of Islamic investments when compared to conventional investments. Mansor and Bhatti (2011) looked into
Malaysian mutual funds and discovered that while Islamic mutual funds had lower risk, their returns were just
a bit lower than those of conventional mutual funds. Al-Khazali et al. (2014) and Ho et al. (2014) present mixed
findings, indicating that Islamic stock indices tend to outperform conventional indices during periods of crisis,
but do not show a similar performance advantage during non-crisis periods. Rohuma (2023) examined Bursa
Malaysia and found that Islamic and conventional portfolios exhibited largely comparable performance across
different economic conditions, with similar risk-adjusted return characteristics across various economic
regimes. Alamgir (2023) found that Islamic stock indices typically outperform conventional indices during
periods of crisis, particularly in developing economies and in the short term. However, conventional stock
indices are observed to show stronger performance in the long term and after the crisis has passed. In addition,
Arif and Majeed (2023) examined mutual funds in Pakistan and found that Islamic mutual funds outperformed
conventional funds in terms of risk-adjusted returns. However, there was no significant difference in absolute
returns between the two. Similarly, Marlinda and Syahputra (2024) analyzed the JII and IDX30 indices from
2019 to 2023 and found no statistically significant difference in returns between Islamic and conventional stocks.
Their t-test results yielded a p-value of 0.777, confirming the absence of a notable distinction in returns. These
findings suggest that the appeal of Islamic financial products may extend beyond return generation to factors
such as ethical investment principles and risk mitigation strategies.

Our study takes a closer look at how conventional and Islamic stock indices are interconnected, especially
from the viewpoint of a U.S. investor navigating the recent economic downturn. This topic is super relevant
because it sheds light on investment strategies and diversification options across two different types of financial
funds and three distinct regions. With the heavy financial losses and the dip in investor confidence brought on
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by the global financial crisis, this research holds considerable importance for both investors and policymakers.
The insights gained could help reshape investment strategies and improve risk management practices by
considering Islamic funds as a viable asset class. In particular, this study provides solid evidence on how to
allocate resources effectively and manage portfolios optimally by blending conventional and Islamic financial
instruments.

Firstly, to take a closer look at the short-term dynamics and interconnections between conventional and
Islamic stock returns we use Vector Autoregressive (VAR) models. We also employ Granger causality tests to
see how conventional stock prices react to shocks in the Islamic finance sector. The Impulse Response Function
(IRF) helps us understand how one variable responds over time to a shock in another, shedding light on how
these shocks ripple through the system. Moreover, Variance Decomposition (VD) is used to figure out how
different shocks contribute to the forecast error variance of a variable, which helps us gauge the significance of
various factors. Both of these techniques are essential for grasping the interdependencies and influences of
variables within the VAR model framework. To explore diversification potential further, portfolio simulations
are run to assess the opportunities linked to Islamic financial products. This research is especially important, as
its findings can aid in crafting optimal investment strategies, portfolio allocations, and resource distributions,
offering valuable insights for investors navigating through times of financial uncertainty.

The structure of the paper is organized as follows: Section 2 provides a detailed description of the dataset
and outlines the methodological framework employed in the analysis. Section 3 presents key statistical
characteristics of the data, followed by the principal results derived from the Vector Autoregressive (VAR)
model. It further includes an examination of Granger causality test outcomes, an analysis of the Impulse
Response Functions, and a discussion of the results obtained from the Variance Decomposition analysis.
Additionally, portfolio simulations are introduced to assess practical implications. The final section concludes
the study by summarizing the main findings and discussing their broader implications.

2 Data and Methodology

To investigate the dynamic interactions between conventional and Islamic stock returns, this study employs a
Vector Autoregressive (VAR) modeling framework. The VAR model facilitates an in-depth examination of
temporal relationships and interdependencies among financial indices at both national and global scales.
Granger causality analysis is employed to identify the directionality of influence between Islamic and
conventional markets. Additionally, Impulse Response Functions (IRFs) are employed to trace the time path of
shocks originating in one market and their propagation across the system. Variance decomposition analysis
further quantifies the contribution of each variable’s innovations to the forecast error variance of others, offering
insights into the relative importance of domestic versus cross-market shocks. Finally, portfolio simulations are
conducted across three economic phases —pre-COVID-19, during the pandemic-induced recession, and post-
recession —to assess the potential benefits of combining Islamic and conventional assets in terms of enhancing
returns and mitigating systemic risk.

2.1 Data

This study examines the diversification potential of Islamic versus conventional equity indices from the
perspective of a U.S.-based investor. By analyzing both local and international markets, we aim to assess how
Shariah-compliant investments perform across varying economic conditions. A U.S. investor cannot be
unequivocally classified as a global investor; however, they may serve as a representative proxy for
international investment behavior, particularly given the significant integration of U.S. financial markets with
the global economy. To maximize the advantages of national (international) portfolio diversification, an investor
should allocate their wealth within the local (international) market portfolio, ensuring that investments are
distributed by the market capitalization of the respective assets. Thus, for comparative analysis, we categorize
the selected indices into two groups: Islamic indices and conventional indices. In examining local portfolio
diversification, we utilize daily price data from the NYSE Composite Index (NYSE Composite), which
represents the aggregate performance of all stocks listed on the New York Stock Exchange, and the Dow Jones
Islamic Market U.S. Index (D] Dom Islamic), which tracks the performance of U.S. equity securities that comply
with Shariah investment principles. For international portfolio diversification, we incorporate daily price data
from the MSCI World Index (MSCI World) and the MSCI World Islamic Index (MSCI W Islamic). The dataset,
obtained from Investing.com, spans the period from June 1, 2019, to March 28, 2024. This timeframe allows for
an evaluation of the role of Islamic fund investments in portfolio diversification both before and after the global
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economic downturn triggered by the COVID-19 pandemic. To mitigate variance and enhance statistical
robustness, all time-series data are transformed into logarithmic form.

2.2 Methodology

This study employs advanced econometric techniques to investigate the dynamic relationships between Islamic
and conventional financial markets. Using a Vector Autoregressive (VAR) model, the analysis explores how
these markets interact and respond to shocks over time. Key tools such as Granger causality tests, impulse
response functions, and variance decomposition are employed to uncover causality directions, measure the
impact of market disturbances, and assess the degree of interdependence. Additionally, portfolio simulations
across different economic periods, including the COVID-19 recession, offer insights into diversification benefits
and risk management strategies when integrating Islamic and conventional assets.

Vector Autoregressive Modeling (VAR): To understand the dynamics of stock returns and examine the
relationships between conventional and Islamic stock returns, we estimated a Vector Autoregressive (VAR)
model consisting of two equations. This model simultaneously captures the dynamics of both conventional and
Islamic indices at the national and international levels. The VAR approach is particularly advantageous for
modeling the interdependencies between Islamic and conventional indices, allowing for an analysis of how
Islamic funds respond to shocks that impact conventional funds. Subsequently, we employed the Granger
causality test to assess the presence of linear causal effects between the indices.

We examine the short-term dynamics of conventional and Islamic stock markets using VAR models. These
models expand upon the univariate Autoregressive (AR) framework introduced by Sims (1980). The primary
advantage of VAR models is their ability to provide a multivariate representation, which captures the
interrelationships among multiple variables and their responses to shocks impacting any component within the
system. A VAR model is formally defined as follows:

Vi =ap + Z?zl P1iXei + Zle @1iYeoi + Uae

Xe=mno + Z?zl DpiXe—i + Z?zl BiYeoi Hiloe

Variables Y; and X, are stationary. We used Logs and differences.

U1e and p,, are white noise disturbances. Commonly called innovations or shock terms.

The coefficients are estimated by OLS.

A VAR model is a specialized version of a simultaneous equation model, where each equation follows an
autoregressive structure with p time lags and includes the same set of explanatory variables. These models can
also incorporate trends, indicator variables, or other stationary exogenous factors. VAR models provide a robust
and versatile framework for data analysis, forecasting, structural inference, and decision-making. In this study,
we utilize the VAR model to forecast returns on conventional and Islamic indices, thereby aiding in decision-
making processes.

The development of VAR models was pioneered by Christopher Sims in his seminal 1980 paper,
Macroeconomics and Reality. Unlike univariate autoregressive models, which predict the current value of a single
variable based solely on its past values, VAR models extend this framework to multiple time series. A VAR
model consists of n equations, each corresponding to one of the n variables in the system. Each variable is
modeled as a linear function of its own past values, the past values of all other variables in the system, and a
serially uncorrelated error term.

This structure enables VAR models to provide an effective means of describing data, generating forecasts,
making structural inferences, and analyzing the impact of policies. In this study, the variables in the VAR system
consist of lagged stock returns for both conventional and Islamic indices. For each region, a bivariate VAR model
is implemented. The first equation captures the dynamics of conventional and Islamic index returns at the
national level, while the second equation models the returns of the Islamic index and the conventional index at
the international level. The third equation captures the dynamics of the Islamic index returns, and the final
equation models the returns of the conventional index alone.

Granger Causality test: The Granger causality test assesses whether the past values (lags) of one variable
contain predictive information about another variable within the model. The Granger causality test is essential
in time series analysis for establishing the direction of influence between variables. It assesses whether
incorporating past data from one variable significantly improves predictions of another. This moves beyond
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correlation to suggest potential causal links, proving invaluable in economics and finance for modeling
interactions, guiding policy, refining forecasts, and developing strategies based on variable interdependencies.
Impulse response Function: An Impulse Response Function (IRF) is a key analytical tool in Vector
Autoregressive models, used to assess the dynamic effects of shocks within an economic system. It measures
how an unexpected disturbance in one variable transmits through the system, impacting other variables over
time. A key strength of the Impulse Response Function lies in its ability to quantify and visualize the temporal
impact of shocks within a multivariate system. Unlike static coefficients, the IRF maps out the entire time path
of a variable’s response to a sudden, one-time perturbation in another variable. This dynamic perspective is
indispensable for interpreting complex models (like VARs), as it shows not just if variables interact,
but how and for how long a shock propagates. This makes the IRF critical for evaluating policy interventions,
stress testing scenarios, and understanding the real-world transmission mechanisms of events like economic
crises or market surprises.

The variance decomposition: The variance decomposition illustrates the proportion of forecasting errors
attributed to a specific shock over time. In other words, it quantifies how much of the variability in a dependent
variable is driven by its own shocks compared to shocks from other variables within the system. The variance
decomposition analysis provides critical insights into the interdependencies between Islamic and conventional
financial indices at both national and international levels. A key strength of Variance Decomposition is its ability
to measure how shocks propagate and contribute to system-wide uncertainty over time. It answers the critical
question: “What percentage of the forecast error for variable X after H periods is attributable to shocks
originating in variable Y?” This reveals the evolving influence structure within interconnected variables,
helping analysts identify dominant drivers, assess the persistence of different shocks, and validate the economic
interpretation of a model. This makes it indispensable for attributing fluctuations and prioritizing factors in
economic forecasting or financial modeling.

Portfolio Simulation: The simulation analysis aimed to assess whether combining conventional and Islamic
funds in investment portfolios could enhance expected returns and/or mitigate systemic risk linked to stock
market investments. To achieve this, portfolio simulations were conducted across three distinct periods: before
the COVID-19 recession, during the recession, and after the recession. These timeframes were selected to
capture shifts in stock market behavior and to examine how the economic downturn influenced resource
allocation and investment decisions.

A mean-variance approach was employed, focusing on the correlations between conventional and Islamic
funds. This methodology allowed for an evaluation of investment prospects in Islamic funds across different
economic conditions, offering insights into their performance and potential role in portfolio diversification
before, during, and after the recession.

Formally, we construct different portfolios, each consisting of two specific indices: one portfolio with two
domestic indices, another with two global indices, a portfolio containing only Islamic indices, and another
including only conventional indices. We define pi as the proportion allocated to one of the two indices in a
given portfolio, referred to as Index 1, with possible allocation values of 100%, 75%, 50%, 25%, and 0% (where
0% Index 1 corresponds to 100% allocation to Index 2). The remaining proportion, (1-pi), is allocated to the
second index. The expected return of the portfolio is calculated as follows:

ER) =pER.) + (1 —p)E(R,)
Where R4, R,, and R denote respectively the stock return for the index 1, the index 2, and, the portfolio.
The variance equation representing the risk associated with this portfolio is expressed as:

0% =p{o?(Ry) + (1 = p)?0%(Ry) + 2127 (1 = p)o(R)I(R,)
Where 02, 02(R,), and 02(R,) denote respectively the variances for the portfolio, index 1, and index 2.
p1 2 refers to the correlation measure between the two indexes composing the portfolio.

3 Results and interpretation focus

This study examines the dynamic relationship between Islamic and conventional financial markets using
advanced econometric techniques. By applying Vector Autoregressive (VAR) modeling, Granger causality tests,
impulse response functions, and variance decomposition, the research explores the direction and strength of
interactions between various financial indices at both national and international levels. The analysis spans three
key periods—before, during, and after the COVID-19 recession—to capture shifts in market behavior and
resilience. In addition, portfolio simulations assess the benefits of combining Islamic and conventional assets



Is Islamic Financial Portfolio Allocation Sufficient to Safeguard Investors During Economic Downturns? 445

for diversification and risk mitigation. The findings highlight asymmetric dependencies, with Islamic markets
generally influenced by conventional counterparts, and reveal the comparative stability and diversification
potential of Islamic assets, especially during times of economic distress.

Closing Price Analysis and Descriptive Statistics: Before performing an econometric analysis on the returns
of Islamic and conventional indices, we first examine the stationarity of their closing prices. To assess
stationarity, we apply the Dickey-Fuller (1981) and Phillips-Perron (1988) unit root tests. The results,
presented in the table below, indicate that the stock price series are integrated with order one, I(1). Therefore,
we analyze stock returns by taking the first difference of the logarithmic stock prices to ensure stationarity.

Table 1: The Unit Root Test Results

Augmented Dickey-Fuller Unit Root Test Philips-Perron Unit Root Test
Inlevel Inlevel 1st 1st In level In level 1st 1st
with with difference  difference with with difference  difference
intercept trend with with intercept trend with with
and intercept  trend and and intercept  trend and
intercept intercept intercept intercept
NYSE_COMPOSITE - - -11.97808  -11.98894 - - -45.08887  -45.08398
1.632347  3.250032 1.503361  2.962359
DJ Dom Islamic - - -12.15472  -12.15528 - - -40.75960  -40.74864
1.003779  2.280703 0.961754  2.081826
MSCI World - - -11.85090  -11.86137 - - -41.44002  -41.43309
1.115044  2.865795 1.004294  2.560375
MSCIW Islamic - - -40.64822  -40.64546 - - -40.70960  -40.70823
0.714365  3.862008 0.632923  3.791782
t-statistic critical values
1% level - - -3.434172 3963704 - - -3.434152 -3.963676
3.434172  3.963704 3.434150  3.963673
5% level - - -2.863115  -3.412579 - - -2.863106  -3.412565
2.863115  3.412579 2.863105  3.412563
10% level - - -2.567656  -3.128250 - - -2.567652  -3.128242
2.567656  3.128250 2.567651  3.128241

We now move on to the analysis of the logarithmic returns of these prices. We recall that the logarithmic returmn
is the difference of the prices in the logarithm. We computed the main descriptive statistics of stock returns and
reported them to check the statistical properties of our index returns (Tables 2). In particular, we compute these
statistics for three subsamples: 1/01/2018 — 31/12/2019, 01/01/2020 - 31/12/2022, and 01/01/2022 — 28/03/2024 as
well as for the whole period under consideration in order to capture the impact of the Covid 19 economic
recession on Islamic and conventional financial industries.

The analysis reveals that the average returns of the selected indices are positive. Furthermore, Islamic
indices exhibit higher average returns compared to their conventional counterparts. In terms of risk assessment,
Islamic indices demonstrate greater volatility, as indicated by their slightly higher standard deviation of returns
relative to conventional indices. The superior average returns and heightened volatility of Islamic indices
relative to conventional indices can be attributed to multiple factors. Islamic indices exclude firms engaged in
activities deemed non-compliant with Shariah principles, such as conventional banking, alcohol production,
and gambling. As a result, they are heavily concentrated in industries like technology, healthcare, and consumer
goods, which often experience rapid growth but also exhibit higher price fluctuations.

Furthermore, Shariah-compliant investment guidelines impose restrictions on excessive debt levels.
Companies listed in Islamic indices typically maintain lower leverage, which reduces financial risk during
economic downturns. However, this reliance on equity financing rather than debt may contribute to greater
variability in returns. Additionally, Islamic finance tends to attract investors with ethical and long-term
investment objectives, which can lead to distinct market behaviors compared to conventional indices.
Nevertheless, the prohibition of financial instruments such as derivatives and interest-bearing securities limits
opportunities for risk hedging, thereby amplifying market volatility.

In anormal distribution, the skewness coefficient is equal to zero, while the kurtosis coefficient is expected
to be 3. Based on the obtained results, it is observed that the skewness values for all indices are negative,
indicating that the return distributions exhibit asymmetry with a leftward skew. This asymmetry may be
attributed to nonlinearities in the return evolution processes. Regarding the kurtosis coefficient, its values
exceed 3 for all indices, suggesting that the return distributions are leptokurtic. This characteristic implies the
presence of heavy tails, indicating a higher probability of extreme values compared to a normal distribution.
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Furthermore, the Jarque-Bera test yields a zero probability, confirming the findings derived from the skewness
and kurtosis measures. Consequently, the null hypothesis of normality is rejected for all stock market index
return distributions.

Table2: Descriptive statistics for stock returns

Panel A: Sample 1: Whole period: 01-01-2018 — 28-02-2024
NYSE_COMPOSITE ~ MSCI_WORLD DJ_DOM_ISLAMIC MSCI_W_ISLAMIC

Mean 2.22E-05 3.81E-05 4.26E-05 0.000284
Std. Dev. 0.001261 0.001383 0.001296 0.009425
Skewness -1.210523 -1.110300 -0.805216 -0.787583
Kurtosis 23.86461 21.04020 15.48858 9.812799
Jarque-Bera 30019.54 22479.60 10788.55 3326.923
Probability 0.000000 0.000000 0.000000 0.000000

Panel B: Sample 2: 01/01/2018-31/12/2019 before Covid 19 economic recession
NYSE_COMPOSITE ~ MSCI. WORLD  DJ_DOM_ISLAMIC MSCI_W_ISLAMIC

Mean 1.65E-05 2.82E-05 3.84E-05 0.000151
Std. Dev. 0.000844 0.000939 0.000944 0.008113
Skewness -0.741659 -0.629478 -0.539552 -0.506852
Kurtosis 7.039124 5.563028 5.093691 4.928019
Jarque-Bera 405.7818 178.7103 121.5939 103.9914
Probability 0.000000 0.000000 0.000000 0.000000

Panel C: Sample 3: 01/01/2019-31/12/2020 during Covid 19 economic recession
NYSE_COMPOSITE ~ MSCI. WORLD  DJ_DOM_ISLAMIC MSCI_W_ISLAMIC

Mean 4.16E-05 7.60E-05 9.06E-05 0.000422
Std. Dev. 0.001737 0.001807 0.001594 0.011350
Skewness -1.359466 -1.493969 -1.257862 -1.069771
Kurtosis 19.70447 20.98877 18.63678 11.52732
Jarque-Bera 6241.827 7246.242 5466.171 1684.338
Probability 0.000000 0.000000 0.000000 0.000000

Panel D: Sample 4: 01/01/2022-28/03/2024 after Covid 19 economic recession
NYSE_COMPOSITE ~ MSCI. WORLD  DJ_DOM_ISLAMIC MSCI_W_ISLAMIC

Mean 9.85E-06 1.30E-05 3.38E-06 0.000280
Std. Dev. 0.001051 0.001279 0.001272 0.008603
Skewness -0.099677 -0.026112 -0.031161 -0.355102
Kurtosis 4.520638 4.766972 4.512033 4.955329
Jarque-Bera 57.23398 76.03962 55.72646 105.3074
Probability 0.000000 0.000000 0.000000 0.000000

Correlation of returns: The correlation matrix analysis, as outlined in the table 3, provides valuable insights
into the relationships among the selected indices. Firstly, a strong correlation is observed among the U.S. local
market index, the U.S. Islamic market index, and the global market index. This high level of association can be
attributed to the dominant role of U.S.-based companies in global financial markets. American firms,
particularly those in technology, finance, and consumer goods sectors, have a significant presence worldwide,
leading to a high degree of market integration. As a result, the performance of the U.S. stock market is closely
interconnected with broader global market movements, explaining the strong correlation among these indices.

Secondly, the global Islamic index exhibits a relatively lower correlation with the other indices. This weaker
relationship can be linked to the distinct composition of the global Islamic index, which comprises a larger
proportion of non-U.S. companies that comply with Shariah investment principles. Islamic finance prohibits
interest-based transactions and excessive leverage, influencing the financial behavior of Shariah-compliant
firms and differentiating them from conventional companies. Additionally, the global Islamic index's broader
geographic diversification reduces its reliance on the U.S. market, further contributing to its weaker correlation
with other indices.

Lastly, a notable increase in stock index correlations is evident during the economic downturn triggered
by the COVID-19 pandemic. This trend aligns with the well-established observation that financial markets
become more interconnected during periods of crisis, as investors adopt similar risk mitigation strategies in
response to global economic shocks. However, despite the overall rise in correlations, the global Islamic index
continues to maintain a relatively lower correlation with the other indices. This sustained distinction suggests
that the unique structural characteristics of Shariah-compliant investments, such as sectoral distribution and
financial constraints, provide a degree of insulation from complete market integration, even in times of financial
turmoil.
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Table 3: Index Return Correlation matrices

Panel A: Sample 1: Whole period: 01-01-2018 — 28-02-2024
NYSE_COMPOSITE MSCI_WORLD DJ_DOM_ISLAMIC MSCI_W_ISLAMIC

NYSE_COMPOSITE 1 0.95 0.89 0.56
MSCI_WORLD 1 0.98 0.63
DJ_IP 1 0.59
MSCI_W_ISLAMIC 1
Panel B: Sample 2: 01/01/2018 — 31/12/2019Before Covid 19 economic recession
USA MSCI_WORLD DJ_DOM_ISLAMIC MSCI_W_ISLAMIC
USA 1 0.90 0.87 0.47
MSCI_WORLD 1 0.97 0.58
DJ_IP 1 0.56
MSCI_W_ISLAMIC 1

Panel C : Sample 3: 01/01/2020 — 31/12/2021 During Covid 19 economic recession

USA MSCI_WORLD DJ_DOM_ISLAMIC MSCI_W_ISLAMIC
USA 1 0.96 0.92 0.63
MSCI_WORLD 1 0.98 0.69
DJ_IP 1 0.66
MSCI_W_ISLAMIC 1
Panel D: Sample 4: 01/01/2022-28/03/2024 after Covid 19 economic recession
USA MSCI_WORLD DJ_DOM_ISLAMIC MSCI_W_ISLAMIC
USA 1 0.94 0.89 0.49
MSCI_WORLD 1 0.98 0.56
DJ_IP 1 0.53
MSCI_W_ISLAMIC 1

To improve the investigation of the interaction dynamics between conventional and Islamic stock returns and
check their linkages within the context of the last economic recession, as well as explore the feedback effects
between conventional finance and the Islamic finance industry, we use a Vectorial Autoregressive (VAR) model
to model short-term stock returns.

Results of Short-term investigation: To identify the optimal lag length (Appendix A), we apply lag-length
selection criteria and verify the absence of autocorrelation at the selected lag. The commonly used criteria for
this process include the Akaike Information Criterion (AIC), Schwarz Information Criterion (SIC), and Hannan-
Quinn Information Criterion (HQIC). Based on the results presented in the tables below, we conclude that the
Schwarz Information Criterion, Hannan-Quinn Information Criterion, and Akaike Information Criterion all
recommend the use of two lags.

The stability of the Vector Autoregressive model is assessed using the Inverse Roots of the Autoregressive
Characteristic Polynomial (Appendix C). A VAR model is considered stable if all inverse roots of the
characteristic AR polynomial have a modulus less than one and are located within the unit circle. If this
condition is not met, the VAR model may be unstable, potentially compromising the validity of various
statistical tests, including impulse response functions. The results presented in Appendix 3 indicate that all
roots lie within the unit circle, confirming the stability of the estimated VAR models.

Residual Diagnostics: To evaluate the adequacy of the model, residual diagnostics were performed. The
residual correlograms (Appendix D) suggest that most autocorrelation values fall within the two-standard-
error bounds, which is an indication of a well-specified model.

Residual Serial Correlation Test: The presence of serial correlation in the residuals was tested (Appendix
E) using a significance level of 5%. The p-value obtained exceeds the 5% threshold, leading to the failure to
reject the null hypothesis of no serial correlation. This result confirms that there is no significant autocorrelation
in the residuals at a lag length of two, suggesting that the selected lag order is appropriate for capturing the
underlying data dynamics.

The findings from the Vector Autoregressive model (Appendix B) provide valuable insights into the
interdependencies between Islamic and conventional financial markets at both national and international levels.
At the national level (Table B1), the analysis indicates that the local Islamic index does not exert a significant
influence on the local conventional index. However, conventional stock returns play a crucial role in explaining
fluctuations in Islamic stock returns. This suggests that Islamic financial markets, while operating under distinct
principles, remain influenced by conventional market movements, highlighting a degree of dependency on
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broader financial trends. At the international level (Table B2), the results reveal a significant dependence of the
global Islamic index on the global conventional index. However, this relationship is not reciprocal, as the global
conventional index does not exhibit a similar dependence on the global Islamic index. This asymmetry suggests
that while Islamic financial markets are shaped by conventional financial trends on a global scale, they do not
exert a substantial impact on conventional financial markets in return.

For Islamic indices (Table B3), the VAR model results indicate that the domestic Islamic index influences
the global Islamic index. However, the local Islamic index remains unaffected by fluctuations in the global
Islamic index. This suggests that domestic Islamic markets play a crucial role in shaping broader Islamic
financial trends, reinforcing the importance of national Islamic financial ecosystems in driving global Islamic
finance dynamics.

Regarding conventional assets (Table B4), the findings demonstrate a strong interdependence between the
global conventional index and the local conventional index. This mutual dependence underscores the high level
of integration within conventional financial markets, where global trends directly influence domestic market
performance and vice versa.

Overall, these results highlight key differences in the interaction patterns between Islamic and
conventional financial markets. While conventional markets exhibit strong bidirectional dependencies at both
national and international levels, Islamic financial markets appear to be more influenced by conventional
finance rather than exerting influence on it. Additionally, domestic Islamic markets play a more prominent role
in shaping global Islamic finance than the other way around. These insights carry important implications for
investors and policymakers, emphasizing the need for tailored portfolio diversification strategies and risk
management approaches that account for the unique dynamics of Islamic and conventional financial markets.
Granger causality test (Appendix F): First, at the national level (Table F1), the results indicate a unidirectional
causality where the conventional local index Granger-causes the Islamic local index, suggesting that
movements in conventional stock returns significantly influence the dynamics of Islamic stock returns.
However, the absence of a reverse causal effect implies that Islamic indices do not exert a meaningful
influence on conventional markets within the domestic financial system.

Second, at the international level (Table F2), a similar pattern is observed, with the conventional global
index Granger-causing the Islamic global index. This finding highlights the dominant role of conventional
financial markets in shaping the performance of Islamic indices on a global scale, reinforcing the dependence
of Islamic finance on broader conventional market trends.

Third, within Islamic financial markets (Table F3), the local Islamic index Granger-causes the global Islamic
index, suggesting that domestic Islamic market movements contribute to the overall performance of
international Islamic indices. However, the lack of a reciprocal causal relationship indicates that global Islamic
markets do not significantly influence local Islamic financial markets, pointing to a degree of segmentation
within Islamic finance.

Finally, for the conventional financial market (Table F4), a bidirectional Granger-causal relationship exists
between the conventional global index and the local conventional index, demonstrating strong interdependence
and mutual influence between domestic and global conventional markets.

Overall, these findings suggest an asymmetric dependency between Islamic and conventional financial

markets, where conventional markets play a leading role in driving Islamic financial performance both
domestically and globally. Additionally, the observed segmentation within Islamic financial markets
underscores the need for further integration and development to enhance their resilience and global influence.
These results have important implications for investors and policymakers in designing diversification strategies
and risk management frameworks that account for the varying degrees of interdependence among financial
market segments.
Impulse Response Function (Appendix G): The Impulse Response Function illustrated in Appendix 7, Graph
1, reveals that a shock to the Islamic domestic index has a positive impact on the American conventional index.
However, this effect diminishes rapidly, returning to nearly zero by the second period. A slight increase in the
return is observed between periods 2 and 4, with the peak occurring in period 3. The impact gradually
converges back to zero after period 4. However, the Impulse Response Function graph shows that a shock to
the American conventional index has only a mild effect on the Islamic domestic index. A slight increase in the
return is observed between periods 2 and 4, with the peak occurring in period 3.

At the international level, the Impulse Response Function shown in Appendix 7, Graph 2, demonstrates
that a shock to the World Islamic index positively affects the World conventional index. However, this impact
fades quickly, returning to nearly zero by the second period. A slight increase in income is observed between
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periods 2 and 4, peaking in period 3, before gradually converging back to zero after period 4. On the other hand,
the graph indicates that a shock to the World conventional index has no immediate effect on the World Islamic
index. A modest rise in income is seen between periods 1 and 3, with a peak in period 2, before the impact
dissipates by period 4.

For Islamic indexes, Graph 3 from Appendix 7 shows that a shock to the domestic Islamic index has a
significant positive impact on the World Islamic index. However, this effect diminishes quickly, returning to
nearly zero by the third period and fully dissipating after period 5. Conversely, the graph indicates that a shock
to the World Islamicindex has no immediate effect on the domestic Islamicindex. A slight fluctuation in income
is observed between periods 1 and 4, with a peak in period 3, before gradually fading by period 4.

For conventional indexes, Graph 4 from Appendix 7 shows that a shock to the World conventional index
has a significant positive impact on the American conventional index. However, this effect fades quickly by the
second period. An increase in returns is observed between periods 2 and 4, peaking in period 3, before returning
tonearly zero by the fourth period and fully dissipating after period 5. On the other hand, the graph shows that
a shock to the American conventional index has no immediate effect on the World conventional index. A slight
fluctuation in income is seen between periods 1 and 3, with a peak in period 2, before gradually fading by period
4. The Impulse Response Function analysis provides crucial insights into the dynamic interactions between
Islamic and conventional financial indices at both domestic and global levels.

At the domestic level, the results indicate that a shock to the Islamic domestic index initially exerts a
positive influence on the local conventional index. However, this effect is short-lived, rapidly diminishing and
stabilizing near zero by the second period. A minor fluctuation occurs between periods 2 and 4, peaking in
period 3, before fully dissipating. Conversely, a shock to the local conventional index has only a mild and
transient impact on the Islamic domestic index, suggesting limited feedback effects between these two markets.

At the international level, the findings reveal that a shock to the global Islamic index positively influences
the global conventional index, but this effect is short-term, fading quickly and stabilizing by the second period.
A temporary increase in returns is observed between periods 2 and 4, with a peak in period 3, before converging
back to zero. On the other hand, a shock to the global conventional index does not exert an immediate effect on
the global Islamic index. Instead, a modest rise in returns is detected between periods 1 and 3, with a peak in
period 2, before the impact dissipates by period 4.

Within Islamic financial markets, a shock to the domestic Islamic index significantly influences the global
Islamic index, reinforcing the role of national markets in shaping international Islamic financial performance.
However, this effect diminishes quickly, stabilizing near zero by the third period and disappearing by period
5. Conversely, a shock to the global Islamic index does not immediately impact the domestic Islamic index, with
only slight fluctuations observed between periods 1 and 4, peaking in period 3, before gradually fading.

For conventional financial markets, the results demonstrate that a shock to the global conventional index
exerts a strong positive influence on the local conventional index. However, this effect is temporary, fading by
the second period, with fluctuations observed between periods 2 and 4, peaking in period 3, before stabilizing
near zero by period 4 and fully dissipating after period 5. Meanwhile, a shock to the local conventional index
does not immediately affect the global conventional index, with only minor fluctuations occurring between
periods 1 and 3, peaking in period 2, before gradually subsiding by period 4.

Overall, these findings suggest a stronger influence of Islamic markets at the domestic level than at the

global level, highlighting the limited integration of Islamic financial markets on an international scale.
Moreover, the asymmetric effects observed between Islamic and conventional markets indicate that
conventional indices play a dominant role in driving financial market movements, while Islamic markets exhibit
weaker feedback effects. These insights provide valuable implications for investors and policymakers in
designing portfolio strategies and risk management approaches tailored to the dynamic nature of financial
market interactions.
The variance decomposition (Appendix H): At the national level (Table H1), the results indicate that the local
conventional index does not exert an immediate influence on the local Islamicindex in the first period. Although
its effect gradually increases over time, it remains relatively limited, reaching a maximum of only 0.45%.
However, the local Islamic index accounts for a substantial 81% of the variations observed in the local
conventional index, suggesting that changes in the Islamic financial market play a key role in shaping
conventional market dynamics domestically.

At the international level (Table H2), findings reveal that the global conventional index does not exert an
immediate impact on the global Islamic index in the first period. Over time, its influence remains modest,
explaining only 4.72% of the changes in the global Islamic index. Conversely, the global Islamic index plays a
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more substantial role in driving changes in the global conventional index, accounting for 42% of its variations.
These results highlight a degree of interdependence between global Islamic and conventional markets, with
Islamic finance demonstrating a greater explanatory power in influencing conventional financial dynamics on
a global scale.

Within Islamic financial markets (Table H3), the variance decomposition results indicate that the global
Islamic index has a negligible effect on the local Islamic index, with its influence starting at 0% in the first period
and increasing only marginally to 0.29% over time. In contrast, the local Islamic index exerts a significant
contemporaneous effect on the global Islamic index, accounting for 38% of its variations. This suggests that
national Islamic financial markets play a critical role in shaping global Islamic financial trends, reinforcing the
importance of domestic Islamic markets in the broader Islamic finance landscape.

For conventional financial markets (Table H4), the analysis demonstrates that the local conventional index
has a minimal effect on the global conventional index, reaching only a small maximum influence over time.
However, the global conventional index exerts an immediate and substantial influence on the local conventional
index, with this effect remaining stable and accounting for 90% of the variations. This indicates a strong
dependency of domestic conventional markets on global conventional financial trends, reflecting the higher
degree of integration and interconnectedness within conventional finance compared to Islamic finance.

Overall, these findings underscore the asymmetrical relationships between Islamic and conventional

financial markets, both at national and international levels. While conventional finance exhibits strong top-
down influences, with global markets driving domestic trends, Islamic finance appears to be more influenced
by domestic factors, with local Islamic markets playing a significant role in shaping global Islamic financial
movements. These insights have important implications for portfolio diversification strategies and risk
management approaches, particularly for investors seeking to optimize exposure to Islamic and conventional
financial assets in varying economic conditions.
Portfolio Simulation: The key empirical findings from the portfolio simulations are presented in Appendix I
Table I1. The analysis reveals that, in the pre-COVID-19 recession period, international diversification in
conventional assets was associated with higher returns and reduced portfolio risk, enhancing overall
investment efficiency. However, in the post-recession period, the benefits of international diversification
declined, resulting in lower returns and increased risk exposure. Notably, during the recession, portfolio risk
reached its highest levels; yet, international diversification proved effective in mitigating risk while
simultaneously enhancing returns. These findings underscore the dynamic nature of financial markets and
emphasize the importance of adaptive investment strategies that account for shifting economic conditions and
risk-return trade-offs.

The findings indicate that when investing exclusively in Islamic indices, both local and international,
portfolio returns and risk levels remain relatively stable before and after the COVID-19 recession. However,
during the recession, both risk and returns exhibit a slight increase. Additionally, as the allocation to
international Islamic indices increases relative to domestic Islamic indices, portfolio returns rise, accompanied
by a proportional increase in risk. A noteworthy observation emerges when comparing conventional and
Islamic investments: during the recession, Islamic portfolios generate higher returns than their conventional
counterparts, while both investment types exhibit similar risk levels. These insights highlight the resilience of
Islamic finance during periods of economic uncertainty and underscore its potential as a viable alternative
investment strategy.

When opting for international investments, specifically in the global conventional and global Islamic
indices, the results indicate that portfolio risk remained low before the economic recession, peaked during the
recession, and experienced a slight decrease in the post-recession period. Furthermore, across all three
subperiods, an increase in the allocation to the International Islamic Index relative to the International
Conventional Index resulted in higher portfolio returns, accompanied by a proportional rise in risk. These
findings underscore the dynamic nature of portfolio risk and return across economic cycles and highlight the
impact of Islamic asset allocation on investment performance.

When opting for local investments, specifically in the Local Islamic Index and the Local Conventional
Index, the results indicate a decline in portfolio returns and an increase in risk in the post-recession period
compared to the pre-recession phase. This suggests that economic downturns have a lasting impact on local
market performance, influencing both return potential and risk exposure in the aftermath of a recession.
Additionally, the portfolio consisting of the Local Islamic Index and the Local Conventional Index exhibited the
highest level of risk while maintaining relatively stable returns. This finding highlights the increased volatility
associated with local market investments, despite the consistency in return generation. Furthermore, the
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analysis reveals that increasing the allocation to the Local Islamic Index relative to the Local Conventional Index
leads to a simultaneous increase in both portfolio returns and risk. Additionally, a comparative assessment of
local and international investments demonstrates that international diversification effectively contributes to
reducing overall portfolio risk.

However, the results obtained remain somewhat constrained by the assumptions underlying the
aforementioned scenarios. To comprehensively assess investment opportunities, we propose constructing an
optimal portfolio and determining the optimal allocation p; . This is achieved by solving the following
optimization framework, which focuses on minimizing portfolio variance:

Mino? = p?d?(Ry) + (1 — p)?02(Ry) + 2p1 .pi(1 — p)a(Ry)a(Ry)

9% _ 0 as a result p = 2052;01,20132 i)
dp; OR, TOR, ~P120R, OR,

The main results are in Appendix I Table 12. When allocating investments exclusively to conventional
indices the optimal allocation to international investments, which minimizes portfolio risk, is dependent on
prevailing economic conditions. Specifically, the proportion of the portfolio allocated to the Global
Conventional Index that minimizes risk is 81% prior to a recession, 91% during a recession, and 75% in the post-
recession period. These shifts in the optimal allocation reflect changes in the risk-return dynamics across

economic cycles: prior to a recession, higher international exposure is beneficial due to favorable market
conditions, while during a recession, the increased volatility of global markets necessitates a higher allocation
to reduce risk. After a recession, as market conditions stabilize, the optimal allocation to international assets is
reduced to optimize the portfolio's overall risk and return.

When allocating investments exclusively to Islamic indices, empirical analysis reveals that increasing the
proportion of capital invested in the Global Islamic Index, as opposed to the Local Islamic American Index,
results in an enhancement of portfolio returns. However, this increase in returns is accompanied by a
concomitant rise in portfolio risk. This occurs due to the greater exposure to global market volatility and sector
concentration inherent in the Global Islamic Index, which is more sensitive to international economic conditions
compared to the Local Islamic American Index. To optimize risk-adjusted returns, portfolio optimization
models indicate that the allocation minimizing portfolio risk varies depending on the economic cycle.
Specifically: Before a recession, the optimal risk-minimizing allocation is found to be 2% in the Global Islamic
Index and 98% in the Local Islamic American Index. This allocation allows for limited exposure to the
international market while maintaining the stability of the domestic market, which tends to be less volatile in
pre-recession periods. During and after a recession, as the economic recovery phase begins and global markets
start to stabilize, the allocation to the Global Islamic Index increases to 3%, with 97% all ocated to the Local
Islamic American Index. This shift reflects the marginally improved risk-return tradeoff of incorporating global
assets into the portfolio during recovery phases, where diversification across international markets offers the
potential for higher returns without overly increasing risk.

Empirical analysis of international portfolio diversification reveals that increasing the allocation to the
Global Islamic Index, relative to the Global Conventional Index, results in higher portfolio returns, but this
comes at the cost of increased portfolio risk. The enhanced returns are driven by the growth sectors and higher
market exposure in the Global Islamic Index, but the increased risk arises due to factors such as sector
concentration and lower financial diversification compared to the Global Conventional Index. Portfolio
optimization models indicate that the optimal allocation to the Global Islamic Index that minimizes overall
portfolio is 3% Global Islamic Index 97% Global Conventional Index before a recession, and 2% Global Islamic
Index and 98% Global Conventional Index after a recession. The higher allocation to the Global Islamic Index
before a recession is justified by the index's strong performance during favorable economic conditions, where
growth sectors outperform, thus justifying a higher risk-return tradeoff. However, after a recession, market
conditions typically stabilize, particularly for conventional assets, which reduces the overall risk of the Global
Conventional Index. This stabilization leads to a reduction in the optimal allocation to the Global Islamic Index,
as the lower-risk profile of the Global Conventional Index enhances the portfolio’s risk-return efficiency,
making a 2% allocation to the Global Islamic Index optimal in this phase. This strategic allocation adjustment
reflects the dynamic nature of portfolio diversification, where optimal asset weights shift in response to
changing economic conditions in order to maintain the desired balance between risk and return.

When allocating investments at the national level (specifically within the American market), empirical
analysis reveals that both portfolio return and risk increase as the allocation to the Islamic Local Index increases,
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both before and after the Covid recession. This relationship highlights the higher return potential and increased
volatility associated with the Islamic local assets.

Surprisingly, during the recession, the dynamics changed. Increasing the allocation to the Islamic Local
Index, compared to the Local American Conventional Index, results in a higher portfolio return and a reduction
in portfolio risk. This unexpected outcome suggests that, during periods of economic downturn, Islamic assets
may exhibit resilience or lower correlation with traditional assets, thus mitigating risk despite higher returns.

The optimal portfolio allocations that minimize risk across these different economic periods are as follows:

Before the recession, the optimal allocation is 21% in the Local American Conventional Index and 79% in
the Islamic Local American Index.

During the recession, the optimal allocation shifts to 0% in the Local American Conventional Index and
100% in the Islamic Local American Index.

After the recession, the optimal allocation returns to 27% in the Local American Conventional Index and
73% in the Islamic Local American Index.

Our study provides empirical evidence supporting the notion that international diversification yields
superior risk-adjusted returns compared to domestic diversification. This conclusion aligns with modern
portfolio theory (MPT), which suggests that diversifying investments across different countries reduces
unsystematic risk more effectively than limiting diversification to a single national market. By investing in
international assets, investors can mitigate country-specific economic fluctuations, political risks, and market
volatility, thereby achieving more stable portfolio performance. Our findings reinforce the significance of global
diversification as a strategic approach to optimizing investment portfolios.

These findings underscore also the changing risk-return dynamics in response to economic conditions,
suggesting that Islamic local assets may offer a unique benefit in risk mitigation, particularly during recessions.
The unique benefit of Islamic local assets in risk mitigation during recessions stems from their ethical
investment practices, lower correlation with conventional financial markets, emphasis on real and asset-backed
investments, and focus on long-term sustainability. These characteristics enable Islamic assets to offer better
risk-adjusted returns and reduced volatility, especially during periods of economic distress. Consequently,
investors may allocate more to these assets during recessions to safeguard their portfolios from the heightened
risk typically associated with conventional assets.

4 Conclusion

Islamic finance, guided by principles such as risk-sharing, asset-backed transactions, and ethical investing,
presents a unique alternative to conventional financial systems, especially in times of financial instability. Our
study analyzes whether Islamic finance can act as a reliable hedge against financial crises.

Firstly, our study identifies an asymmetric dependency between Islamic and conventional financial
markets, with conventional markets acting as the primary driver of Islamic financial performance at both
domestic and global levels. Additionally, the segmentation within Islamic financial markets underscores the
need for greater integration and development to enhance their resilience and global reach. These insights are
crucial for investors and policymakers in designing effective diversification strategies and risk management
frameworks that account for the varying degrees of interdependence across financial markets.

Secondly, our research highlights that Islamic markets exert a more significant influence at the domestic
level than on a global scale, reflecting their limited integration into the international financial system. Moreover,
the asymmetric relationship between Islamic and conventional markets suggests that conventional indices
predominantly shape financial market movements, while Islamic markets provide weaker feedback effects.
These findings have important implications for investment strategies and risk management, emphasizing the
need for tailored approaches that align with the evolving dynamics of financial market interactions.

Furthermore, our research offers empirical support for the idea that international diversification leads to
better risk-adjusted returns than domestic diversification. This finding is consistent with modern portfolio
theory (MPT), which posits that spreading investments across multiple countries is more effective in
minimizing unsystematic risk than concentrating them within a single national market. By allocating assets
internationally, investors can reduce exposure to country-specific economic instabilities, political uncertainties,
and market fluctuations, resulting in a more resilient portfolio. Our results highlight the importance of global
diversification as a key strategy for enhancing portfolio performance.

Lastly, our simulation study supports previous research, confirming that Islamic equities tend to
outperform conventional counterparts during economic downturns. However, during periods of economic
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stability, conventional stocks may yield higher returns. These variations highlight the complexity of financial
market behavior and underscore the importance of context-specific analysis when assessing investment
performance.

Based on these findings, professional and scientific recommendations for portfolio selection include:

Investors should construct portfolios that incorporate both Islamic and conventional assets to optimize
risk-adjusted returns. Given the dominant influence of conventional markets, Islamic investors should consider
including a proportion of conventional stocks in their portfolios to capture global market trends while
maintaining Shariah compliance.

Given the asymmetric dependency between Islamic and conventional financial markets, portfolio
allocations should be adjusted dynamically in response to changing market conditions. During economic
downturns, a higher allocation to Islamic equities may enhance resilience and stability, whereas, in stable
market conditions, increasing exposure to conventional stocks could improve return potential.

Since Islamic financial markets exhibit stronger influence at the domestic level, investors should emphasize
local Islamic equities while maintaining selective exposure to international Islamic indices. This approach
ensures that portfolio strategies align with the limited global integration of Islamic finance while capitalizing
on regional growth opportunities.

Investors should employ risk mitigation tools such as sectoral diversification within Islamic finance,
hedging techniques using Sharia-compliant derivatives, and exposure management through strategic asset
allocation. These measures can reduce vulnerability to the dominant impact of conventional markets and
minimize risks associated with financial market segmentation.

By adopting these strategies, investors can effectively navigate the complexities of financial market
dynamics, enhance portfolio performance, and remain aligned with Islamic finance principles. Future research
should focus on further enhancing Islamic portfolio allocation to better promote sustainability. This involves
incorporating ethical, social, and environmental factors into financial decision-making. Key areas for
exploration include integrating ESG criteria into Islamic investment products, developing innovative Shariah-
compliant sustainable investment options, and addressing the challenges Islamic finance faces in sustainable
investing. Additionally, future studies should assess the long-term impact of Islamic sustainable finance on
global financial stability and explore policy frameworks that can strengthen its role in advancing responsible
and ethical investment practices.
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Table A1: VAR Lag Order Selection Criteria for Domestic Investment

Appendix A

VAR Lag Order Selection Criteria

Endogenous variables: D]_DOM_ISLAMIC NYSE_COMPOSITE

Exogenous variables: C
Lag LogL LR FPE AIC SC HQ
0 18408.80 NA 5.25e-13 -22.59889 -22.59227 -22.59644
1 18457.13 96.48218 4.98e-13 -22.65332 -22.63345 -22.64595
2 18472.22 30.08961* 491e-13* -22.66694* -22.63382* -22.65465*
3 18475.77 7.070206 491e-13 -22.66639 -22.62001 -22.64918
4 18479.99 8.384237 491e-13 -22.66665 -22.60703 -22.64453
* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion
Table A2: VAR Lag Order Selection Criteria for International Investment
VAR Lag Order Selection Criteria
Endogenous variables: MSCI_W_ISLAMIC MSCI_WORLD
Exogenous variables: C
Lag LogL LR FPE AIC SC HQ
0 14103.23 NA 1.04e-10 -17.31274 -17.30611 -17.31028
1 14170.80 134.9013 9.60e-11 -17.39079 -17.37092 -17.38342
2 14203.33 64.86330* 9.27e-11* -17.42582* -17.39270* -17.41353*
3 14207.11 7.530727 9.27e-11 -17.42555 -17.37918 -17.40835
4 14209.65 5.037087 9.29e-11 -17.42375 -17.36413 -17.40163
* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error |
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion
Table A3: VAR Lag Order Selection Criteria for Islamic investment
VAR Lag Order Selection Criteria |
Endogenous variables: MSCI_W_ISLAMIC DJ_DOM_ISL AMIC
Exogenous variables: C
Lag LogL LR FPE AIC SC HQ
0 14162.88 NA 9.65e-11 -17.38598 -17.37936 -17.38352
1 14226.46 126.9210 8.97e-11 -17.45913 -17.43925 -17.45176
2 14252.39 51.69291* 8.73e-11* -17.48605* -17.45292* -17.47376*
3 14255.89 6.969004 8.73e-11 -17.48543 -17.43906 -17.46823
4 14257.30 2.810662 8.76e-11 -17.48226 -17.42264 -17.46014

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion
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Table A4: VAR Lag Order Selection Criteria for Non-Islamic Investments

VAR Lag Order Selection Criteria |
Endogenous variables: MSCI_WORLD NYSE_COMPOSITE

Exogenous variables: C

Lag LogL LR FPE AIC SC HQ

0 18824.80 NA 3.15e-13 -23.10963 -23.10301 -23.10718

1 18938.36 226.7045 2.76e-13 -23.24415 -23.22427 -23.23677
2 18962.96 49.06173 2.69e-13 -23.26945 -23.23632* -23.25716*
3 18965.73 5.499848 2.69e-13 -23.26793 -23.22155 -23.25072
4 18970.99 10.47101* 2.69e-13* -23.26948* -23.20986 -23.24736

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error |

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

Appendix B

Table B1: VAR Estimation for Domestic Investment

Vector Autoregression Estimates
Standard errors in ( ) & t-statistics in [ ]
DJ_DOM_ISLAMIC NYSE_COMPOSITE
DJ_DOM_ISLAMIC(-1) -0.042449 -0.076070
(0.05684) (0.05484)
[-0.74680] [-1.38701]
DJ_DOM_ISLAMIC(-2) -0.039001 0.007057
(0.05564) (0.05368)
[-0.70101] [0.13146]
NYSE_COMPOSITE(-1) 0.033594 -0.036982
(0.05886) (0.05679)
[ 0.57075] [-0.65118]
NYSE_COMPOSITE(-2) 0.159935 0.123553
(0.05736) (0.05535)
[ 2.78812] [2.23229]
C 4.12E-05 2.28E-05
(3.2E-05) (3.1E-05)
[ 1.28832] [0.73977]
R-squared 0.014482 0.031168
Adj. R-squared 0.012058 0.028785
Sum sq. resids 0.002699 0.002513
S.E. equation 0.001288 0.001243
F-statistic 5.973497 13.07742
Log likelihood 8541.510 8599.830
Akaike AIC -10.46782 -10.53934
Schwarz SC -10.45128 -10.52279
Mean dependent 4.20E-05 2.17E-05
S.D. dependent 0.001296 0.001261
Determinant resid covariance (dof adj.) 4.87E-13
Determinant resid covariance 4.84E-13
Log likelihood 18496.58
Akaike information criterion -22.66901
Schwarz criterion -22.63592
Number of coefficients 10
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Table B2: VAR Estimation for International Investment

Vector Autoregression Estimates

Standard errors in ( ) & t-statistics in [ ]

MSCI_W_ISLAMIC MSCI_WORLD

MSCI_W_ISLAMIC(-1) -0.201817 -0.004036

(0.03227) (0.00482)

[-6.25353] [-0.83800]

MSCI_W_ISLAMIC(-2) -0.124211 0.002130

(0.03147) (0.00470)

[-3.94668] [ 0.45349]

MSCI_WORLD(-1) 1.911749 -0.010827

(0.21557) (0.03217)

[ 8.86820] [-0.33658]

MSCI_WORLD(-2) 0.848838 0.126266

(0.22004) (0.03283)

[ 3.85774] [ 3.84564]

C 0.000272 3.39E-05

(0.00023) (3.4E-05)

[1.19272] [0.99565]

R-squared 0.050966 0.018738

Adj. R-squared 0.048631 0.016324

Sum sq. resids 0.137504 0.003062

S.E. equation 0.009196 0.001372

F-statistic 21.83029 7.762553

Log likelihood 5335.960 8438.671

Akaike AIC -6.537045 -10.34172

Schwarz SC -6.520500 -10.32517

Mean dependent 0.000284 3.77E-05

S.D. dependent 0.009428 0.001384

Determinant resid covariance (dof adj.) 9.20E-11

Determinant resid covariance 9.14E-11

Log likelihood 14222.30

Akaike information criterion -17.42771

Schwarz criterion -17.39462
Number of coefficients 10

Table B3: VAR Estimation for Islamic investment

Vector Autoregression Estimates

DJ_DOM_ISLAMIC

MSCL_ W_ISLAMIC

DJ_DOM_ISLAMIC(-1) 0.012224 2.077825

(0.03116) (0.22176)

[ 0.39229] [9.36970]

DJ_DOM_ISLAMIC(-2) 0.076141 0.695896

(0.03192) (0.22715)

[ 2.38556] [ 3.06357]

MSCI_W_ISLAMIC(-1) -0.005884 -0.193952

(0.00439) (0.03123)

[-1.34071] [-6.20967]

MSCI_W_ISLAMIC(-2) 0.006635 -0.100991

(0.00428) (0.03044)

[ 1.55136] [-3.31798]

C 3.80E-05 0.000250

(3.2E-05) (0.00023)

[ 1.18913] [ 1.09786]

R-squared 0.012732 0.054816
Adj. R-squared 0.010303 0.052491
Sum sq. resids 0.002704 0.136946
S.E. equation 0.001290 0.009177
F-statistic 5.242324 23.57520
Log likelihood 8540.063 5339.275
Akaike AIC -10.46605 -6.541110
Schwarz SC -10.44950 -6.524565
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Mean dependent 4.20E-05 0.000284
S.D. dependent 0.001296 0.009428
Determinant resid covariance (dof adj.) 8.66E-11
Determinant resid covariance 8.61E-11
Log likelihood 14271.46
Akaike information criterion -17.48799
Schwarz criterion -17.45490
Number of coefficients 10
Table B4: VAR Estimation for Non-Islamic Investments
Vector Autoregression Estimates
Standard errors in ( ) & t-statistics in [ ]
MSCI_WORLD NYSE_COMPOSITE
MSCI_WORLD(-1) -0.344167 -0.199761
(0.08095) (0.07345)
[-4.25148] [-2.71964]
MSCI_WORLD(-2) 0.084856 0.134883
(0.07663) (0.06953)
[ 1.10740] [ 1.94003]
NYSE_COMPOSITE(-1) 0.365620 0.103739
(0.08934) (0.08106)
[ 4.09246] [1.27975]
NYSE_COMPOSITE(-2) 0.089672 0.005864
(0.08547) (0.07755)
[ 1.04920] [0.07562]
C 3.75E-05 2.18E-05
(3.4E-05) (3.1E-05)
[ 1.10630] [0.71071]
R-squared 0.028126 0.037414
Adj. R-squared 0.025735 0.035046
Sum sq. resids 0.003032 0.002497
S.E. equation 0.001366 0.001239
F-statistic 11.76395 15.79995
Log likelihood 8446.510 8605.104
Akaike AIC -10.35133 -10.54581
Schwarz SC -10.33479 -10.52926
Mean dependent 3.77E-05 2.17E-05
S.D. dependent 0.001384 0.001261
Determinant resid covariance (dof adj.) 2.67E-13
Determinant resid covariance 2.65E-13
Log likelihood 18987.58
Akaike information criterion -23.27110
Schwarz criterion -23.23801
Number of coefficients 10

Appendix C
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Inverse Roots of AR Characteristic Polynomial
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Graph C1: The Inverse Roots of AR Characteristic Polynomial Domestic Investment
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Graph C2: The Inverse Roots of AR Characteristic Polynomial for International Investment
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Inverse Roots of AR Characteristic Polynomial
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Graph C3: The Inverse Roots of AR Characteristic Polynomial for Islamic investment
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Graph C4: The Inverse Roots of AR Characteristic Polynomial for Non Islamic Investments

APPENDIX D: Residual test correlograms
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Autocorrelations with Approximate 2 Std.Err. Bounds
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Graph D1: Residual test correlograms for Domestic Investment
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Autocorrelations with Approximate 2 Std.Err. Bounds
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Graph D2: Residual test correlograms for International Investment
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Graph D3: Residual test correlograms for Islamic investment
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Autocorrelations with Approximate 2 Std.Err. Bounds
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Graph D4: Residual test correlograms for Non-Islamic Investments
Appendix E
Table E1: Residual Serial Correlation for Domestic Investment
VAR Residual Serial Correlation LM Tests |
Null hypothesis: No serial correlation at lag h
Lag LRE* stat df Prob. Rao F-stat df Prob.
6.334920 4 0.1755 1.584788 (4, 3246.0) 0.1755
2 7.578845 4 0.1083 1.896340 (4, 3246.0) 0.1083
3 6.886010 4 0.1420 1.722798 (4, 3246.0) 0.1420
Null hypothesis: No serial correlation at lags 1 to h
Lag LRE* stat df Prob. Rao F-stat df Prob.
1 6.334920 4 0.1755 1.584788 (4, 3246.0) 0.1755
2 13.30953 8 0.1016 1.665567 (8, 3242.0) 0.1016
3 19.88791 12 0.0692 1.659855 (12, 3238.0) 0.0692
*Edgeworth expansion corrected likelihood ratio statistic.
Table E2: Residual Serial Correlation for International Investment
VAR Residual Serial Correlation LM Tests |
Null hypothesis: No serial correlation at lag h
Lag LRE* stat df Prob. Rao F-stat df Prob.
7.402746 4 0.1161 1.852227 (4, 3246.0) 0.1161
2 4.979591 4 0.2894 1.245469 (4, 3246.0) 0.2894
3 8.949712 4 0.0624 2.239824 (4, 3246.0) 0.0624
Null hypothesis: No serial correlation at lags 1 to h
Lag LRE* stat df Prob. Rao F-stat df Prob.
1 7.402746 4 0.1161 1.852227 (4, 3246.0) 0.1161
2 12.05905 8 0.1486 1.508789 (8, 3242.0) 0.1486
3 17.34282 12 0.1372 1.446872 (12, 3238.0) 0.1372

*Edgeworth expansion corrected likelihood ratio statistic.
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Table E3: Residual Serial Correlation for Islamic investment

VAR Residual Serial Correlation LM Tests

Null hypothesis: No serial correlation at lag h

Lag LRE* stat df Prob. Rao F-stat df Prob.
1 6.521076 4 0.1635 1.631405 (4, 3246.0) 0.1635
2 4.069367 4 0.3967 1.017666 (4, 3246.0) 0.3967
3 8.483892 4 0.0754 2.123092 (4, 3246.0) 0.0754
Null hypothesis: No serial correlation at lags 1 to h
Lag LRE* stat df Prob. Rao F-stat df Prob.
1 6.521076 4 0.1635 1.631405 (4, 3246.0) 0.1635
2 9.287497 8 0.3186 1.161525 (8, 3242.0) 0.3186
3 12.34200 12 0.4186 1.028871 (12, 3238.0) 0.4186
*Edgeworth expansion corrected likelihood ratio statistic.
Table E4: Residual Serial Correlation Non-Islamic Investments
VAR Residual Serial Correlation LM Tests | |
Null hypothesis: No serial correlation at lag h
Lag LRE* stat df Prob. Rao F-stat df Prob.
5.674515 4 0.2248 1.419432 (4, 3246.0) 0.2248
2 7.565497 4 0.1089 1.892996 (4, 3246.0) 0.1089
3 6.406413 4 0.1708 1.602691 (4, 3246.0) 0.1708
Null hypothesis: No serial correlation at lags 1 to h
Lag LRE* stat df Prob. Rao F-stat df Prob.
1 5.674515 4 0.2248 1.419432 (4, 3246.0) 0.2248
2 14.62201 8 0.0669 1.830182 (8, 3242.0) 0.0669
3 17.30240 12 0.1386 1.443491 (12, 3238.0) 0.1386
*Edgeworth expansion corrected likelihood ratio statistic.
Appendix F
Table F1: Granger causality test for Domestic Investment
VAR Granger Causality/Block Exogeneity Wald Tests
Dependent variable: DJ_DOM_ISLAMIC
Excluded Chi-sq df Prob.
NYSE_COMPOSITE 7.892780 2 0.0193
All 7.892780 2 0.0193
Dependent variable: NYSE_COMPOSITE
Excluded Chi-sq df Prob.
DJ_DOM_ISLAMIC 1.932147 2 0.3806
All 1.932147 2 0.3806
Table F2: Granger causality test for International Investment
VAR Granger Causality/Block Exogeneity Wald Tests
Dependent variable: MSCI_W_ISLAMIC
Excluded Chi-sq df Prob.
MSCI_WORLD 83.09031 2 0.0000
All 83.09031 2 0.0000
Dependent variable: MSCI_WORLD
Excluded Chi-sq df Prob.
MSCI_W_ISLAMIC 1.075912 2 0.5839
All 1.075912 2 0.5839
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Table F3: Granger causality test for Islamic investment

VAR Granger Causality/Block Exogeneity Wald Tests

Dependent variable: DJ_DOM_ISLAMIC

Excluded Chi-sq df Prob.
MSCI_W_ISLAMIC 4.996451 2 0.0822
All 4.996451 2 0.0822
Dependent variable: MSCI_W_ISLAMIC
Excluded Chi-sq df Prob.
DJ_DOM_ISLAMIC 90.05271 2 0.0000
All 90.05271 2 0.0000
Table F4: Granger causality test for Non-Islamic Investments
VAR Granger Causality/Block Exogeneity Wald Tests
Dependent variable: MSCI_WORLD
Excluded Chi-sq df Prob.
NYSE_COMPOSITE 16.79198 2 0.0002
All 16.79198 2 0.0002
Dependent variable: NYSE_COMPOSITE
Excluded Chi-sq df Prob.
MSCI_WORLD 12.49540 2 0.0019
All 12.49540 2 0.0019
Appendix G

Response to Cholesky One S.D. (d.f. adjusted) Innovations £ 2 S.E.
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Graph G1: Impulse response function for Domestic Investment
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Response of MSCI_W_ISLAMIC to MSCI_W_ISLAMIC

Response to Cholesky One S.D. (d.f. adjusted) Innovations + 2 S.E.
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Graph 2: Impulse response function for International Investment
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Response to Cholesky One S.D. (d.f. adjusted) Innovations £ 2 S.E.
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Graph G4: Impulse response function for Non-Islamic Investments

Appendix H

Table H1: Variance decomposition for Domestic Investment

Variance Decomposition of D]_DOM_ISLAMIC:

Period S.E. DJ_DOM_ISLAMIC NYSE_COMPOSITE
1 0.001288 100.0000 0.000000
2 0.001289 99.98007 0.019933
3 0.001297 99.54942 0.450578
4 0.001298 99.54789 0.452113
5 0.001298 99.54499 0.455009
6 0.001298 99.54485 0.455151
7 0.001298 99.54476 0.455240
8 0.001298 99.54475 0.455246
9 0.001298 99.54475 0.455248
10 0.001298 99.54475 0.455248

Variance Decomposition of NYSE_COMPOSITE:

Period S.E. DJ_DOM_ISLAMIC NYSE_COMPOSITE
1 0.001243 81.02118 18.97882
2 0.001251 81.23600 18.76400
3 0.001262 81.29067 18.70933
4 0.001263 81.29660 18.70340
5 0.001263 81.29795 18.70205
6 0.001263 81.29817 18.70183
7 0.001263 81.29821 18.70179
8 0.001263 81.29822 18.70178
9 0.001263 81.29822 18.70178
10 0.001263 81.29822 18.70178

Cholesky Ordering: D]_DOM_ISLAMIC NYSE_COMPOSITE
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Table H2: Variance decomposition for International Investment

Variance Decomposition of MSCI_W_ISL AMIC:

Period S.E. MSCI_W_ISLAMIC MSCI_WORLD
1 0.009196 100.0000 0.000000
2 0.009411 95.51202 4.487979
3 0.009433 95.29357 4.706433
4 0.009439 95.28526 4.714737
5 0.009439 95.28047 4.719528
6 0.009440 95.27942 4.720577
7 0.009440 95.27942 4.720579
8 0.009440 95.27942 4.720577
9 0.009440 95.27942 4.720581

10 0.009440 95.27942 4.720581
Variance Decomposition of MSCI_WORLD:

Period S.E. MSCI_W_ISLAMIC MSCI_WORLD
1 0.001372 42.24413 57.75587
2 0.001373 42.30828 57.69172
3 0.001385 42.50500 57.49500
4 0.001385 42.50603 57.49397
5 0.001385 42.50600 57.49400
6 0.001385 42.50600 57.49400
7 0.001385 42.50604 57.49396
8 0.001385 42.50604 57.49396
9 0.001385 42.50604 57.49396

10 0.001385 42.50604 57.49396

Cholesky Ordering: MSCI_W_ISLAMIC MSCI_WORLD

Table H3: Variance decomposition for Islamic investment

Variance Decomposi

ition of D]_DOM_ISLAMIC:

Period S.E. DJ_DOM_ISLAMIC MSCI_W_ISLAMIC
1 0.001290 100.0000 0.000000
2 0.001290 99.89172 0.108279
3 0.001298 99.70941 0.290588
4 0.001298 99.70502 0.294976
5 0.001298 99.70491 0.295087
6 0.001298 99.70479 0.295214
7 0.001298 99.70478 0.295218
8 0.001298 99.70478 0.295221
9 0.001298 99.70478 0.295221

10 0.001298 99.70478 0.295221
Variance Decomposition of MSCI_W_ISL AMIC:

Period S.E. DJ_DOM_ISLAMIC MSCI_W_ISLAMIC
1 0.009177 38.17329 61.82671
2 0.009417 39.06979 60.93021
3 0.009433 38.93933 61.06067
4 0.009439 38.89691 61.10309
5 0.009439 38.90290 61.09710
6 0.009440 38.90202 61.09798
7 0.009440 38.90198 61.09802
8 0.009440 38.90198 61.09802
9 0.009440 38.90198 61.09802

10 0.009440 38.90198 61.09802

Cholesky Ordering: D]_DOM_ISLAMIC MSCI_W_ISLAMIC
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Table H 4: Variance decomposition for Non Islamic Investments

Variance Decomposition of MSCI_WORLD:
Period S.E. MSCI_WORLD NYSE_COMPOSITE
1 0.001366 100.0000 0.000000
2 0.001373 98.98648 1.013518
3 0.001385 99.00358 0.996422
4 0.001385 99.00096 0.999041
5 0.001385 99.00120 0.998803
6 0.001385 99.00107 0.998929
7 0.001385 99.00108 0.998921
8 0.001385 99.00108 0.998924
9 0.001385 99.00108 0.998923
10 0.001385 99.00108 0.998923
Variance Decomposition of NYSE_COMPOSITE:
Period S.E. MSCI_WORLD NYSE_COMPOSITE
1 0.001239 90.68890 9.311105
2 0.001249 90.73446 9.265540
3 0.001262 90.90376 9.096244
4 0.001263 90.89120 9.108797
5 0.001263 90.89486 9.105144
6 0.001263 90.89494 9.105059
7 0.001263 90.89503 9.104967
8 0.001263 90.89503 9.104966
9 0.001263 90.89504 9.104964
10 0.001263 90.89504 9.104964
Cholesky Ordering: MSCI_WORLD NYSE_COMPOSITE
Appendix I
Table I1: Simulation Results
Before Covid 19 During Covid 19 After Covid 19
economic recession economic recession economic recession
pi Rp sigma p Rp sigma p Rp sigma p
100% local 1.65E-05  0.000844  4.16E-05 0.001737 9.85E-06 0.001051
75% local 1.94E-05  7.23E-07  5.02E-05 3.03E-06 1.06E-05 1.2E-06
Conventional .
Investment 50% local 2.24E-05 7.55E-07  5.88E-05 3.08E-06 1.14E-05 1.32E-06
25% local 2.53E-05 8.08E-07  6.74E-05 3.16E-06 1.22E-05 1.46E-06
100% international 2.82E-05  0.000939  0.000076 0.001807 0.000013 0.001279
100% local 3.84E-05  0.000944  9.06E-05 0.001594 3.38E-06 0.001272
Islamic 75% local 6.66E-05  6.22E-06  0.000173 1.4E-05 7.25E-05 7.71E-06
Investment 50% local 947E-05  1.88E-05  0.000256 3.88E-05 0.000142 2.18E-05
25% local 0.000123  3.87E-05  0.000339 7.71E-05 0.000211 4.39E-05
100% international 0.000151  0.008113  0.000422 0.01135 0.00028 0.008603
100% conventional 2.82E-05  0.000939  0.000076 0.001807 0.000013 0.001279
. 75% conventional 5.89E-05  7.04E-06  0.000163 1.52E-05 7.98E-05 7.86E-06
International
Investment 50% conventional 8.96E-05  1.99E-05  0.000249 4.01E-05 0.000147 2.2E-05
25% conventional 0.00012 3.95E-05  0.000336 7.8E-05 0.000213 4.4E-05
100% Islamic 0.000151  0.008113  0.000422 0.01135 0.00028 0.008603
100% conventional 1.65E-05  0.000844  4.16E-05 0.001737 9.85E-06 0.001051
) 75% conventional 2.2E-05 7.16E-07  5.39E-05 2.81E-06 8.23E-06 1.17E-06
Nationa
Investment 50% conventional 2.75E-05  7.47E-07  6.61E-05 2.66E-06 6.62E-06 1.28E-06
25% conventional 3.29E-05 8.06E-07  7.84E-05 2.57E-06 5E-06 1.43E-06
100% Islamic 3.84E-05  0.000944  9.06E-05 0.001594 3.38E-06 0.001272
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It is important to note that Peomentionas Tepresents the proportion of piallocated to the conventional index, Pisamic denotes the
proportion of piallocated to the Islamic indeX, Proca corresponds to the proportion of piinvested in the local index, and
Pinternational indicates the proportion of piallocated to the global index.

Table I1: Optimal allocations

Before economic During economic After economic
Optimal proportions recession recession recession
Conventional
Indices P local 19% 8% 25%
P international 81% 92% 75%
Islamic indices P local 98% 97% 97%
P international 2% 3% 3%
International
indices P conventional 98% 97% 97%
P Islamic 2% 3% 3%
National
indices P conventional 21% 0% 27%
P Islamic 79% 100% 73%
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1 Introduction

The human being is an important factor that depend on institutions to implement its activities and programs
and to achieve its objectives. Management organizations are still looking for how to make the human being
provides the best performance for the organization.

Undoubtedly, incentives are among the means which make workers give their best to achieve the goals of
the organization with other administrative departments.

Therefore, our study was designed to exchange incentives idea between organizations.

1.1 The Problem of Study

This study seeks to examine the effectiveness of implementing an exchange incentive system between
organizations in the Kingdom of Saudi Arabia. Specifically, it evaluates how such a system can improve job
performance among employees in the banking and hospitality sectors. The research problem focuses on the
need to explore whether mutual incentive arrangements between institutions can address limitations in
traditional incentive programs, enhance employee motivation, and foster improved organizational outcomes.

1.2 Study Aims

The study addresses to deeply investigate the incentives management in organizations as a vital matter which
should be studied by those concerned as modern organizations need more specialized researches in this field
in order to benefit from them in organizational development.

¢ To identify the extent of the importance of the availability of exchange incentives in the organizations and
its success in raising the employee’s performance and production efficiency.

e To identify the extent of differences between the existing incentive system and the hypothetical system
under study (exchange incentives between organizations).

e To provide an incentive system that helps in the success of organizations' development.

1.3 Importance of the Study
e To identify the concept of exchange incentives system and the extent of effect on raising the
employee’s performance efficiency.
e The study may lead to contribute to finding solutions for some problems relating to motivating employees
in organizations.
e The study provides perspectives for new researchers and employees who concern about incentives and its
relationship to human resources management, and to prepare new and more specialized research.

1.4 Study Hypothesis

This study relied on a set of hypotheses that aim to answer its questions and to achieve its goals, as following:
¢ Improving the current incentive system increases employee satisfaction.
e Exchange incentive systems improve employee performance and productivity.
e Exchange incentives strengthen national motivation by enhancing social relationships between
organizations.

1.5 Study Limits
e Spatial limits: all branches of Al Rajhi Bank and Millennium Hotel.
e Temporal limits: 2019 AD - 1441 A H.
e Human limits: Al-Rajhi Bank employees, and employees of the Millennium Hotel group.

2 Literature Review

Several studies have examined the impact of incentive systems on employee performance and motivation. Deci
and Ryan (2000) emphasized the critical role of intrinsic motivation in enhancing performance, arguing that
effective incentive systems should fulfill psychological needs to sustain long-term productivity. Boukhamkham
and Azion (2008), studying institutions in Algeria, confirmed that structured and clear incentive models
significantly improve employee engagement and job satisfaction.

Cropanzano and Mitchell (2005) introduced social exchange theory as a key framework for understanding
how reciprocal interactions between employees and organizations drive performance. This theory provides a
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solid foundation for interpreting how mutual incentives influence employee behavior and organizational
outcomes.

Allen and Smith (2021) discussed how collaborative incentive strategies between institutions can enhance
workplace culture, foster cooperation, and promote innovation. Parker and Wright (2017) also found that
exchange-based incentive systems increase inter-organizational performance by strengthening partnership
networks.

Doualbait and Mohamed (2018), focusing on Nile Bank in Saudi Arabia, identified a direct link between
performance-based incentives and institutional success. Karnakah (2018) supported these findings by
emphasizing the role of incentives in achieving excellence within the banking sector. Robbins and Judge (2022)
further highlighted how aligning incentives with both employee and organizational goals leads to sustained
performance improvements.

Kim and George (2020) showed that non-monetary incentives play a vital role in enhancing employee
commitment, especially in multicultural environments. Similarly, Jones and Brown (2019) demonstrated how
inter-unit reward exchange builds a sense of appreciation and loyalty across organizational structures.

Despite these valuable contributions, most existing studies are limited to internal incentive frameworks
within single organizations. Little attention has been paid to inter-organizational exchange incentive systems,
a gap this study addresses by examining the mutual incentive practices between a banking institution and a
hospitality organization—an emerging partnership model with significant implications for cross-sector
collaboration.

2.1 Exchange Incentives System between Organizations

The idea of exchange incentives extracted by social exchange theory.

2.1.1 Social exchange theory concept

Human behavior: human behavior included activity, interaction and emotion carried out by an individual, and
it differs from animal behavior because it possesses a social heritage, an inclusive culture, and a high mental
ability.

Social rewards: i.e. the price for an individual to acquire knowledge by society asks him to do, it is motivated
as much as a goal to obtain it.

Benefit: i.e. The ability of human activity to provide benefit to others and the possibility of exchanging it for
another human activity.

Social cost: means the amount of activity that an individual is required to do in return for a prospective or
expected benefit.

Interests: means self-aspirations - material or moral - that the individual was inspired to achieve.

Exchange: is the provision of social activity by the first party involved in the exchange process to the second
party in exchange for the first obtaining a previous activity in the second.

Competition: is the competition to obtain the largest possible number of social activities at the lowest cost and
highest value in the exchange process.

Social investment: means developing social activities for the benefit of their practitioners (Omar, 2013).
2.2.2 The main issues of exchange theory

First: Humans aspire in their social relationships to avoid costly behavior that does not benefit them and
exchange based on the basis of cost-benefit calculation.

Second: Human behavior is based on a comparison between the different alternatives according to the cost and
returns principles, and then social life is a different series of choices and understanding the interaction between
people accordingly on the basis of the exchange which defined in commercial relations and unclear limits in
friendship relations.

Third: The exchange is not including the economic only, but it is related to the psychological and social aspects,
so life runs according to a series of exchanges that increase and decrease the stock of individuals or groups of
strength or reputation. On helping others he hopes to get the same when he needs it, a theory based on the
interpretation of interactive behavior between individuals as well as the interpretation of group operations
(Strangely, 2018).
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2.2 The most important pioneers of social exchange theory

Gouldner (1960) expanded on social exchange theory by introducing the norm of reciprocity, which asserts that
individuals feel obligated to return benefits received from others. In organizational settings, this norm explains
how employees who perceive fair treatment and support from their employers tend to respond with increased
commitment and productivity. This concept is central to understanding exchange incentives, as it implies that
mutual benefit strengthens organizational loyalty and long-term engagement.

2.3 Exchange incentives concept

Exchange incentives are a strategic partnership between two commercial establishments such as (the banking
and hotel sector), where they take the formal nature by concluding a contract between them, but do not amount
to forming a legal partnership. Normally, these establishments form a strategic partnership when each of them
possesses distinguished services which help another party to facilitate their operations which emerge between
two establishments to create a more productive work environment. The first party provides distinguished
services in banking transactions for the members of the second party, while the other party specializes in
providing all kinds of incentives to the members of the first party in exchange for the distinguished services
that provided by the first party.

One of the main reasons that drive all parties to establish a system of exchange incentives is to seek to
increase their revenues, which are considered the main advantage of successful partnerships, in addition to
increasing market share, easy access to new markets, expanding the geographical scope of their products and
raising the efficiency of employee's productivity and satisfaction.

3 Methodology of the Study

This research adopted a descriptive, analytical, and case study approach It focused on describing the current
situation regarding incentive systems analyzing their effects on employee performance and using a case study
method involving Al-Rajhi Bank and Millennium Hotels to collect and interpret data.

3.1 Study Population and Sample

The study population includes employees from Al-Rajhi Bank and Millennium Hotels operating within the
Kingdom of Saudi Arabia. However, for the purpose of this research, the focus was limited to branches located
in the Holy Makkah region. A simple random sample of employees was selected from 17 Al-Rajhi Bank
branches and 3 Millennium Hotel branches within this region.

3.2 Study Sample

The study sample was drawn from branches located in the Holy Makkah region. For Al-Rajhi Bank, the sample
was taken from 17 active branches within the region. For Millennium Hotels, although the institution operates
20 branches nationwide, the study focused on the 3 branches located in the Holy Makkah region. A simple
random sample of employees was selected from these branches to participate in the field study.

3.3 Data collection method
3.3.1 Primary Data

Primary sources consisted of two questionnaire, the first belonging to the study sample in Al-Rajhi Bank, which
includes paragraphs according to the specific sectors (material - moral — social sector), which reflect evaluation
of population study sample for the impact of incentives on job performance, while the second questionnaire
concems the study sample in the Millennium Hotel, which reflects evaluation the study sample for the effect of
incentives on job performance.

3.3.2 Secondary sources

Data and information collected that related to the impact of incentives on improving performance through
reading the motivational policy literature and job performance represented by books, periodicals and previous
studies connected to the subject of the study, in addition to the Internet to obtain information on the study
subject.



The Effectiveness of Establishing an Inter-Organizational Incentive System in the Makkah Region. .. 475

4 Findings and Discussion

Firstly: Al-Rajhi Bank profile

Al-Rajhi Bank is one of the largest Islamic banks in Saudi Arabia. It was selected for this study due to its
structured incentive system and its operational scale in the Makkah region.

Secondly: The Millennium Hotels group profile

Millennium Hotel is a major hospitality provider in Makkah. It was included in this study because of its formal
incentive policies and active human resource environment.

Thirdly: Field study procedures

4.1 Population Study

The researchers distributed 60 questionnaires to a randomly selected group of employees from Al-Rajhi Bank
and Millennium Hotels branches located in the Holy Makkah region. A simple random sampling method was
applied to ensure that participants represented different roles and departments within the organizations.

4.2 Questionnaire Description
The questionnaire consisted of four main sections:

e Section One: Focuses on financial incentives and the extent to which they are applied to motivate
employees in the banking and hospitality sectors.

e Section Two: Addresses non-financial (moral) incentives and their use in motivating employees within
both sectors.

e Section Three: Contains items that assess employee satisfaction with the functional work environment in
banks and hotels.

e Section Four: The most essential section, which evaluates employee responses to various forms of
exchange incentives between the banking and hotel sectors based on the proposed system. The items were
distributed according to the study hypotheses and measured using a five-point Likert scale (Strongly agree,
Agree, Neutral, Disagree, Strongly disagree).

4.3 Data questionnaire analysis

4.3.1 First Hypothesis: The development of the current incentive system will lead to a high level of satisfaction
of workers.

To assess this hypothesis, descriptive statistics were used to evaluate employees' perceptions regarding
financial and moral incentives and overall job satisfaction.

According to Table 1 (Al-Rajhi Bank) and Table 2 (Millennium Hotels), financial incentives are more
consistently available at Al-Rajhi, while moral incentives and reported satisfaction levels are notably higher
among Millennium employees. Specifically, 53.6% of Al-Rajhi employees reported that financial incentives are
"always" used, yet only 20.1% indicated they are always satisfied. In contrast, 41.3% of Millennium employees
reported being "always" satisfied despite lower access to financial incentives (32.37%).

This suggests that job satisfaction is influenced not only by financial but also by moral incentives,
confirming the need for a balanced approach. While these descriptive results support the hypothesis to some
extent, inferential statistical tools such as Pearson correlation or regression analysis would further clarify the
relationship. Still, the data trends suggest a positive link between improved incentive systems and job
satisfaction, consistent with Deci & Ryan (2000) and Robbins & Judge (2022).

See Table 1 — Al-Rajhi Bank Responses and Table 2 — Millennium Hotels Responses below.

Table 1: Al-Rajhi Bank Responses

Item Always Often Sometimes Rarely Do not use at all
Financial incentives 53.6 6.8 9.5 8.5 21.6
Moral incentives 26.1 17.0 18.75 17.0 21.15
Job satisfaction 20.1 16.2 22.2 27.0 14.5

Table 2: Millennium Hotels Responses

Item Always Often Sometimes Rarely Do not use at all
Financial incentives 32.37 14.37 14.0 12.6 26.66
Moral incentives 24.25 26.5 16.0 14.0 19.25

Job satisfaction 41.3 18.5 14.8 16.1 9.3
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4.3.2 Second Hypothesis: The exchange incentives system between organizations is one of the effective systems
to improve employees’ performance and to increase productivity.

Tables 3 and 4 display employees' perceptions of exchange incentives between banks and hotels. Results show
a strong agreement from Al-Rajhi Bank employees regarding receiving hotel-based incentives. For example,
76% strongly agreed on the benefit of free hotel stays, and 73% favored global hotel booking discounts.

Likewise, bank employees expressed high satisfaction when receiving appropriate services from their
organization. 41% strongly agreed that such services enhanced their job satisfaction (Table 4).

Although descriptive, these results indicate a high perceived value in inter-organizational incentives. For
rigorous validation, inferential analysis such as t-tests or ANOVA could confirm significance levels.
Nevertheless, findings support the hypothesis and align with social exchange theory, which highlights mutual
benefit as a performance driver.

See Table 3 — Al-Rajhi (Hotel Incentives) and Table 4 — Al-Rajhi (Bank Incentives) below.

Table 3: Al-Rajhi (Hotel Incentives)

Exchange Incentive Strongly agree  Agree Neutral Disagree Strongly disagree
Free hotel stay 76 22 2 0 0
(local/international)

Invitation for 2 to hotel buffet 69 24 4 2 0
Hotel booking  discount 73 20 0 7 0
(worldwide)

Facility discount (e.g., event 71 22 2 2 2
hall)

Table 4: Al-Rajhi (Bank Incentives)

Exchange Incentive Strongly agree Agree Neutral Disagree Strongly disagree
Bank opening times 24 29 29 12 6
suitable

Employees respond 35 35 29 0 0
immediately

Bank provides info 24 35 29 12 0

about new services

Bank services 41 35 24 0 0
increase work

satisfaction

4.3.3 Third Hypothesis: The exchange incentives have a positive impact on promoting the national motivations
of employees through expanding social relations between organizations.

Tables 5 and 6 reflect the extent to which exchange incentives support national motivation among employees.
In Millennium Hotels, 64% of respondents strongly agreed with National Day invitations enhancing their sense
of social involvement. Similarly, 58% appreciated ceremonial involvement with other institutions.

On the banking side, while the numbers were lower, 41% of Al-Rajhi Bank employees agreed with
participation in cross-institution events, and 35% agreed that services met their needs.

These responses suggest that socially-driven exchange incentives can strengthen employees' national
motivation by fostering a sense of recognition and inter-organizational belonging. The hypothesis is therefore
supported by the patterns in participant responses.

See Table 5 — Millennium Hotels (National Motivation) and Table 6 — Al-Rajhi (National Motivation) below.

Table 5: Millennium Hotels (National Motivation)

Exchange Incentive Strongly Agree  Neutral Disagree Strongly

agree disagree
National Day celebration invitation 64 22 13 0 0
Participation in 58 31 9 2 0

ceremonies/openings
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Table 6: Al-Rajhi (National Motivation)

Exchange Incentive Strongly agree Agree Neutral Disagree  Strongly disagree
Bank services meet my 18 35 29 18 0
requirements
Bank invitation to 24 41 29 6 0
ceremonies/openings

5 Conclusion

All three hypotheses are supported by descriptive findings. However, to meet academic standards fully,
inferential statistical tests such as Pearson correlation, t-tests, or ANOVA are recommended for future research
to confirm the relationships between variables more robustly.
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1 Introduction

Tourism is known as a driver of economic and cultural exchange that affects both international and domestic
markets through visitor expenditure, infrastructural development, and job creation. With the advent of digital
technologies, tourists can inform themselves and be influenced through online interaction, varying from trip
planning and social media use to location-based services (Volo & Irimias, 2022). Knowledge of the interaction
between tourist mobility and digital engagement is a source of great insight into how tourists engage with
destinations and react to local digital impulses. This is not only important for destination management, but also
for marketing and policymaking. The pace of the development of the Internet of Things (IoT) enabled the
gathering of large-scale data on tourist mobility and digital engagement. By using loT-driven analytics, scholars
and practitioners are able to decipher mobility patterns and engagement, revealing more profound insights into
tourist decision-making on the spot (Park et al.,, 2023). This research investigates the dynamics of tourist
movements. Moreover, it covers the digital activities to fill the gap between offline mobility and online
interactions during the holidays.

The mobility of tourists is the spatial and temporal movement of travelers between chosen destinations.
Trip frequency, duration of the trip, routes traveled, and density of visits all fall under tourist mobility.
Interaction of tourists with online content including social media activity, location check-ins, sharing of and
reacting on reviews, and use of travel appsis referred to as digital engagement (Chen et al., 2022). Engagement,
especially in digital contexts, is a complex construct and often inconsistent in its definition across disciplines
(Yardley et al., 2016). The concept has been widely studied in various fields such as marketing (Drummond et
al.,, 2020), education (Hietajarvi et al., 2022), and digital games (Bouvier et al., 2014). Despite this, there is no
unified definition (Rodgers & Thorson 2018). This study utilized the definition provided by Attfield et al. (2011)
since it encapsulates the many forms of engagement: emotional, cognitive, and behavioral. To illustrate,
engagement has been studied from two major perspectives: one emphasizes usability and user experience,
while the other focuses on cognitive, emotional, and behavioral alignment with intervention outcomes (O’Brien
& Toms, 2008; Morrison et al., 2012). We believe that this definition is comprehensive, hence, this study adopted
Attfield et al. (2011) definition.

Indeed, several studies have confirmed that digital engagement has impacted many aspects of travelers'
experiences by changing their behaviors, attitudes, emotional states, perceptions, and interpretations (or
reinterpretations) of travel places and activities (e.g., Dickinson et al., 2014; Wang, Xiang, & Vesenmayer, 2016;
Yu et al,, 2018; Wang, Park, & Vesenmayer, 2012; Javed et al., 2020; Ali, 2025). Beyond this, research has shown
that social media feedback has a significant impact on travel planning and decision-making by tourists (Kim et
al., 2013; Chong et al., 2018; Cerutti & Piva, 2016). Thus, the combination of tourist mobility and digital
engagement help us understand the influence of mobility patterns on tourist online activities and vice versa.

This study is based on the theory of the Technology Acceptance Model (TAM), an information system theory
developed by Davis (1986). The theory explains that people’s response to technology can be explained by perceived
ease of use (PEOU) and perceived usefulness (PU). PEOU refers to the extent to which the use of technology is
straightforward and effortless, while the PU is the belief of the enhancement in performance that technology will
provide to the users. In tourist mobility, the need for exploration by tourism drives the mobility patterns of tourists and
affects their perceptions of digital tools, Digital Engagement (DE) and Actual System Use (ASU). Empirically, few
studies examined the relationship between mobility patterns and digital engagement, see Vu et al., (2018); Lim et al.,
(2019) They just use social media activity of the tourists for engagement. This study offers more insight into
examining this relationship from the lens of TAM theory.

The growing digitization of tourism has made it necessary to evaluate the behavioral dimensions of tourists
in physical/virtual environments. A vast range of data from mobile phones, Global Positioning System (GPS)
tracking, and social media analytics determine patterns of engagement at varying levels of mobility (Lee et al.,
2023). For example, more mobile tourists could show differences in engagement behaviors compared to less
mobile tourists. This affects their propensity to post reviews, create content or engage with destination media
(Dutta et al., 2024). By studying such interactions, researchers can give informed recommendations for tourism
businesses and policymakers about enhancing service delivery and marketing strategies.

2  Literature Review

IoT has come a long way from its conceptual beginnings towards the end of the 20th century. The term was
popularized by Kevin Ashton in 1999 during his time at MIT's Auto-ID Center, as he imagined an interconnected
system of devices using Radio Frequency Identification (RFID) technology for exchange of data. Therefore, the
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basic idea of Machine-to-Machine (M2M) communication dates back to the 1990s, when early sensor networks
and embedded systems were developed for industrial applications (Magurano, 2018). The rapid advancement
of wireless communication, cloud computing, and artificial intelligence has since benefited the widespread
adoption across industries, enabling smart cities, healthcare innovations, and real-time data analytics (Ficili et
al., 2025).

Car et al. (2019) state that the integration of the IoT in tourism has revolutionized the way destinations,
businesses, and tourists interact with digital infrastructure. IoT-supported tools such as GPS trackers, smart
sensors, and mobile applications provide real-time data on tourist behavior, preferences, and mobility
patterns. A study by Lukita et al. (2023) highlights the manner in which IoT facilitates smart tourism through
the improvement of destination management, visitor experience, and resource allocation optimization.

Accordingto Vuet al. (2018), the analysis of tourist mobility traditionally hasrelied on GPS data, social media
check-ins and transport records. Mobility theories such as Time-Geography and Activity-Based Models analyze
movement constraints and help in decision-making (Miller, 2021). Studies that used IoT data have enhanced
these models by introducing real-time tracking and predictive analytics such as Elhanashi et al. (2013) and
Mohammadi et al., (2018). However, the integration of large (secondary) data sets still poses challenges with
regard to accurate definitions, measuring potential explanatory variables (like age, prior knowledge or tourism
experience), tourist privacy and data security.

Tourist interaction with online platforms including travel review sites, social media, and mobile apps
provides useful insights into preferences. Research by Sanchez-Franco and Rey-Tienda (2024) shows that
engagement metrics (frequency of interactions, sentiment analysis) can predict tourist behavior. The
significance of sentiment analysis using Artificial Intelligence (AI) in understanding tourist behavior has been
extensively debated (Shafiezad & Mostofi, 2024). Nonetheless, gaps remain in bridging engagement measures
with on-the-ground mobility patterns to understand behavior comprehensively.

Social Network Analysis (SNA) has been widely used in tourism studies to investigate connections
between tourist destinations and online engagements. Research investigated how online engagements influence
travel choices and how influential tourists influence behavior of others (Pop et al., 2022).

Merging SNA with mobility data generated through IoT offers a new way of modeling the dynamics of
physical movement and digital engagement, with methodological issues in data unification still present.
Developments in machine learning, big data, and Al have facilitated more accurate modeling of tourist behavior.
Applications of Markov Chain Models, Bayesian Networks, and Deep Learning have made predictions of
mobility more accurate (Zhang & Dai, 2018). However, the requirement for transparent methodologies and
explainable Al remains crucial for practical implementation. Although IoT-based tourist behavior analysis has
picked up momentum, there are still research gaps. First and foremost, the integration of heterogene ous data
sources (e.g., IoT, social media, transactional data) is challenging because of interoperability problems. This
research will try to fill this gap.

3 Data and Methodology
3.1 Data and Preliminary Analysis

Large-scale datasets including GPS mobility traces, Wireless Fidelity (Wi-Fi) session logs, smart card
transactions, mobile app usage and social media interactions were fetched to develop a complete picture of
tourist behavior. We collected data from 200 tourists from anonymized, publicly available datasets that capture
aggregate or pseudonymized tourist behavior. The term "tourists" refers to users whose data patterns suggest
strong non-resident activities, such as:

e Temporarily clustered GPS mobility near major attractions.

e High activity density over short periods (e.g., 3-14 days).

e Use of transportation, Wi-Fi, and mobile app services typical of visitors.
Since we utilized open datasets with global coverage, our approach was cross-city rather than single-location.
We focused on high-traffic tourist cities where the data sources offered sufficient volume and richness. All
datasets capture on-site digital behavior, such as movement traces, Wi-Fi use, app interactions, and transit logs.
Pre-travel behaviors (e.g., booking, itinerary planning, search queries) were not included, as our analysis was
based solely on location-linked data. The data were collected from March 1 to March 7, 2024, covering a full
week including weekdays and the weekend. This allowed us to observe variations in tourist behavior across
different days. However, no major local or national holidays fell within this timeframe in the selected cities, so
holiday-related behavior shifts were not part of the dataset. We selected a 1-week period to ensure focused
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analysis across multiple data types and locations, while still capturing normal variation between weekdays and
weekend.

To analyze the impact of IoT-based platforms on tourist engagement, TAM has been employed. TAM offers
an organized framework to explain how tourists perceive and adopt digital tourism services (Singh &
Srivastava, 2019). We analyzed four major behavioral concepts i.e,, PEOU, PU, DE, and ASU. The PEOU
measures how visitors find loT applications easy and intuitive to use, and the PU measures the perceived benefit
of such technology in enhancing travel. DE captures the intensity of contact among tourists and digital travel
platforms, and ASU captures the frequency of real system use (Ling, 2017). PEOU and PU of each tourist were
scored on a 1-10 scale, which were subjective usability and usefulness measures. DE was quantified as the
number of interactions with travel-related applications, and ASU was quantified by the number of interactions
with [oT-based services (Chen & Tsai, 2019).

GPS mobility data were collected from OpenStreetMap (Rifat et al., 2011) and Geotab (Morales et al., 2021).
GPS mobility records consisted of latitude, longitude, and timestamp traces of tourist activity at different inner-
city locations. Wi-Fi connection logs such as session lengths and device types were collected from Cisco Meraki's
public hotspot data (Paul et al., 2024). Mobile app usage information was collected from aggregated reports
delivered by Google Play Console insights (Viennot et al., 2014), recording user interactions with travel apps.
Smart card transaction information reporting fare prices and use of transport was pulled from Uber Movement
(Tonin, 2015) and TransitFeeds (Nunes, 2022). Social media engagement information, such as geotagged tweets,
likes, and comments, was also taken from publicly available Twitter, Instagram, and Facebook's CrowdTangle
datasets (De Cristofaro, 2023).

The collected datasets were first screened for missing values and inconsistencies (De Cristofaro, 2023). GPS-
coordinates with unfeasible values or without timestamps were removed, and duplicate location records were
discarded. Wi-Fi session records with anomalouslengths, such as connections shorter than five seconds or longer
than 24 hours were removed. In the mobile app usage data, bot-generated or system-logged event interactions
were discarded. Smart card transaction information was validated for anomalies, and outliers in fare spending
greater than three standard deviations from the mean were identified and adjusted. For social media activity
information, duplicate posts and interactions by spammers were eliminated.

After cleaning the data, normalization was performed (Abbas-Aghababazadeh et al., 2018). Timestamp
values were all converted to a standard UTC format to synchronize records from all datasets. Location
information was converted into a standard geospatial reference system to support precise comparisons.
Continuous variables like session duration, transaction charges, and interaction length were Min-Max
normalized in order to ensure comparability between measurements in alternative sets (Ortiz et al., 2024).
Categorical variables such as modes of transport and forms of engagement were coded.

The standardized and cleaned datasets were then merged into a single structure such that the mobility,
engagement, and behavioral interactions of each tourist in the different datasets were connected. The resulting
dataset presents an integrated perspective of tourist movement behavior, digital engagement, and transport
use. All data preprocessing and integration were carried out in Python with the assistance of libraries such as
Pandas for data manipulation (Gupta & Bagchi, 2024a). NumPy was used for numerical transformations (Gupta
& Bagchi, 2024b), and Geopandas was used for geospatial processing (Toms et al., 2018).

3.2 Methodology

Dataset was preprocessed with Python's Pandas library to keep the data structured, and statistical computations
were performed with Scipy and Seaborn for visualization purposes. To carry out correlation analysis, we
obtained Pearson's correlation coefficient (r) to explore the relationships among PEOU, PU, DE, and ASU (Al
Kurdi et al., 2020). Regression analysis was performed using SciPy's linregress() function that estimates the
strength and significance of linear correlation between moderating variables PEOU, PU, ASU and DE as the
dependent variable (Massaron & Boschetti, 2016).

In addition, machine learning analysis techniques such as Geographic Information System (GIS) based
movement clustering, hypothesis testing and social network analysis were utilized to examine mobility patterns
and digital interactions. The relationships of the variables are given in the conceptual model for this research as
shown in
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Figure 1: Conceptual Model Research
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Figure 1: Conceptual Model Research

From the conceptual framework, the following hypotheses can be derived:
o There is a positive relationship between TM on one side and DE on the other side.
e PEOU, PU and ASU influence the relationship between TM and DE in a positive way.

The dataset of geospatial movement and online interaction histories of tourists was analyzed to measure
individual mobility and engagement levels. The data set was standardized by renaming all column names to
lowercase and by proper formatting. Mobility was measured in terms of the total distance traveled by each
tourist, calculated by using the geodesic distance between consecutive observed points (Weber & Péclat, 2017).
Each visitor's path of movement was reconstructed and summed as a cumulative travel distance measure for
each. Digital engagement was also calculated by the number of observed interactions per visitor in the dataset,
such as interactions across different online platforms, representing levels of engagement.

Correlation analysis was used to test the relationship between tourist mobility and digital engagement
(Duncan & Earhart, 2011). Highly mobile tourists should have greater levels of DE. A two-sample t-test was
conducted to compare high-mobility and low-mobility tourist engagement levels. In order to analyze digital
engagement behaviors of tourists better, we applied SNA to tourist mobility and engagement data. The data,
collected from an loT-based tracking system, contained geospatial and temporal records of movement by
tourists. Interactions were identified based on spatiotemporal proximity. Two tourists were deemed to have
interacted, if their timestamps were within a difference of 24 hours (time threshold) and if they were within 50
km (distance threshold), which calculated based on the Haversine formula to obtain precise geospatial distance
estimates (Muttaqin et al., 2024).

4 Results
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4.1 Preliminary Results

As stated before, the data preprocessing produced an integrated dataset showing tourist mobility and
engagement behaviors across multiple dimensions. The output dataset contained structured records with
sanitized and aligned timestamps to analyze tourist movement accurately over time. GPS-data preserved
geospatial truth after the elimination of anomalies, while Wi-Fi connection logs provided high-resolution
information about tourist dwell time at tourist areas. Mobile app usage statistics were structured to reflect actual
interactions, so only human-generated activities were considered. The smart card transaction records kept
genuine transport usage patterns, and social media interaction logs actually reflected user behavior after
eliminating artificial activity.

Descriptive statistics also captured high variations in tourist mobility between different locations. GPS
tracking points distribution showed cluster movement in tourist urban areas, and transport data showed
preferred modes of travel. As expected, Wi-Fi connection patterns showed peak usage in hospitality and
commercial zones. Mobile app logs validated high dependency on navigation and booking websites, validating
the use of digital resources in trip planning. Social media interaction patterns revealed varying degrees of
engagement across different tourist locations, with more activity observed in visually salient regions. The
successful integration of these disparate datasets provided a firm foundation for advanced analysis, including
profiling clustering of tourists, predicting movement patterns, and measuring online engagement trends.

4.2 Technology Acceptance Model (TAM) Analysis

The correlation analysis confirmed the existence of the hypothetical positive relationship between PU and DE
(correlation coefficient of r = 0.064 and a statistically significant p-value of 0.013). This implies that tourists who
perceive IoT applications as useful, employ digital platforms more frequently. PEOU had a less significant
correlation (r=0.051, p=0.476), which suggests that ease of use is not the central driver of engagement. ASU had
a weak correlation (r=0.010, p=0.009), and it implies that frequency of use does not always lead to engagement.
The regression analysis also supports these findings, with the slope of the regression line between PU and DE
being sharper than the one for PEOU and DE, reinforcing the more significant role played by perceived
usefulness in tourist engagement.

Table 1: Correlation Analysis Between 3 Moderating Variables and Digital Engagement

Variable Correlation with Digital Engagement (r) P-Value
Perceived Ease of Use (PEOU) 0.051 0.476
Perceived Usefulness (PU) 0.064 0.013
Actual System Use (ASU) 0.010 0.009

The findings emphasize that although ease of use is a factor in engagement, perceived ease of using digital
services is the key driver for tourists engaging with IoT-based platforms.

Correlation Heatmap of TAM Variables
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Figure 2: Correlation Matrix, Scatter Plot of PEOU vs. DE and box plot of DE by PU levels.

4.3 Social Network Analysis (SNA)

The network graph was able to identify the most intense tourist engagement patterns. The top five influencers,
based on degree centrality are mentioned in Table 2. We use the term “influencers” in the context of network
centrality, not in the social media or behavioral psychology sense. These tourists were identified through Degree
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Centrality in the interaction graph, meaning they had the highest number of spatiotemporal encounters with
other tourists. In network theory, a node with high degree centrality is typically considered structurally
influential, as it connects with many others and plays a key role in network connectivity and information flow.
These tourists had the highest number of interactions, indicating their important contribution to digital and
physical interaction in the destination. The network structure had clearly defined clusters, which were an
indication of localized patterns of engagement among tourists. Community detection analysis revealed well-
defined subgroups, which were most likely a reflection of similar itineraries or common destinations of interest.

Table 2: Tourist with highest connectivity in social network

Tourist ID Degree Centrality
4170 0.0058
3444 0.0043
2312 0.0043
1364 0.0043
2687 0.0043

The graph visualization supports the fact that tourist interactions were not evenly distributed but focused in a
few highly active nodes

Figure 3: The tourist engagement network graph revealing key tourist engagement patterns. The findings highlight
influential tourists as key drivers of engagement and imply potential uses in targeted marketing, customized
tourism experiences, and crowd management planning.

Tourist Engagement Network Graph

2687

41370

2332

1364

3414

Figure 3: The tourist engagement network graph revealing key tourist engagement patterns.

4.4 Hypothesis Testing

The results from the statistical analysis reveal a strong positive correlation between tourist mobility and digital
engagement. A summary of key findings is presented in Table 3: Hypotheses Testing Results

Table 3: Hypotheses Testing Results

Statistical Test Value Interpretation

Pearson Correlation (r) 0.8758 Strong positive correlation between mobility and engagement

P-value (Correlation) 0.0000 Statistically significant (p <0.05)

T-test (t-value) 68.8592 Significant difference in engagement between high and
low mobility tourists

P-value (T-test) 0.0000 Statistically significant (p <0.05)
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These findings indicate that tourists with higher mobility levels are more likely to be actively engaged in digital
platforms. The statistical significance (p <0.05) confirms that this relationshipisnot due torandom chance. Figure
4 demonstrates the correlation found and graphically discriminates patterns of engagement in high-mobility and
low-mobility tourists. Significant t-test outputs also validate further that more mobility among tourists also
yields higher engagement levels. Results give empirical endorsement to the research hypothesis that more
mobility is highly tied to digital engagement with the provision of information on tourists' interaction modes
with online entities in relation to their mobility styles.
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Figure 4: Correlation and patterns of engagement for high-mobility and low-mobility tourists.

5 Discussion

The application of IoT in tourism analytics has revolutionized the comprehension of tourist mobility and digital
engagement. By utilizing actual-time data compilations and computational methods, the current research offers
a more profound insight into how tourists interact with online platforms and travel between destinations on a
local scale in inner city environments. The results are informative data concerning regularities in behavior. The
most influential tourists at the forefront were those tourists who had the highest degree centrality, indicating
they are likely to spread travel news and interact with online material. This finding is compatible with studies
that emphasize the role of online word-of-mouth in travel decisions (Pennisi, 2019).

However, the relatively low centrality scores indicate that while there are certain tourists with a higher
probability of interacting, the network is rather decentralized as a whole. This result makes one think that
tourism engagement is spread among many actors rather than being dominated by a few, which contradicts
findings from more established digital marketing studies where influencers have significantly higher centrality
(Malinen & Koivula, 2020). A possible reason is that tourist encounters are more fluid and dynamic, restraining
the creation of fixed influencer chains.

We found a high positive correlation between mobility behavior and digital activity. This supports the
hypothesis that increased movement across destinations is associated with heightened digital activity. This
result is consistent with previous studies. (Lim et al., 2019). However, the causality remains uncertain. Does
mobility of tourists drive engagement, or do digitally engaged tourists tend to explore more locations? Future
research should explore this potential bi-directional relationship through longitudinal data tracking. The results
further show a highly significant difference in engagement levels between high-mobility and low-mobility
tourists. This aligns with existing frameworks that suggest that mobile tourists rely more on real-time digital
support to navigate unfamiliar destinations (Emmanouilidi et al., 2013). However, an alternative interpretation
could be that digitally engaged tourists are inherently more adventurous, leading to an incidental correlation
rather than a direct causal link. Additional studies incorporating experimental interventions could clarify this
assumption.

The analysis of the use of social networks by tourist also identifies essential nodes in the engagement
network, offering practical insight for stakeholders in tourism. This research gives strong indications that
destination management companies can leverage mobility data to forecast and drive engagement patterns
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successfully. Combining these insights, policymakers can create focused marketing efforts and infrastructure
development that responds to the changing needs of technologically engaged tourists.

6 Conclusion

This study deepens the insight into the relationship between TM tourist mobility and DE behavior using IoT-
driven analytical methods. Our findings prove that DE is tightly linked to tourist mobility patterns, marking
mobile tourists as significant influencers in the online world. The research confirmed also the existence of the
hypothetical positive relationship between perceived usefulness and digital engagement. This implies that
tourists who perceive IoT applications as useful employ digital platforms more frequently. The PEOU was
weakly linked to digital engagement. This suggests that ease of use is not the central driver of engagement of
tourists. We also found a weak correlation for actual system use and this means that the frequency of use does
not always lead to digital engagement. An executed regression analysis supports these findings. The findings
emphasize that although ease of use is a factor in engagement, perceived ease of using digital services is the key
driver for tourists engaging with loT-based platforms.

Because of the computations to define the tourist, some limitations have to be mentioned. First of all, the
data used to define what a tourist is are neither actively provided nor confirmed by the individual to whom the
data belong. The data might also apply to other categories of people in the same environment, like small
business owners with a fixed or mobile shop who focus on tourists as customers. Another important aspect that
is missing because of the used methodology is knowledge about digital engagement before the travel took place.
With sufficient information about the tourism destination, tourists may not need (much more) additional
information on the actual spot. There might also be a difference between tourists in digital skills and use in
general, based on age, availability of network and general use of digital services in the home country, or price
of mobile phones and internet access.

Another limitation is that the analysis is based on observational data, which means that causal inference is
restricted. Experimental methodologies should be included in future studies to test interventions that potentially
affect mobility and engagement patterns. The study mainly deals with digital engagement measures without
examining qualitative dimensions of tourist experiences, like satisfaction or emotional response. Additionally,
the strong correlation between mobility and digital engagement underscores the importance of enhancing
digital touch points such as geo location services, augmented reality navigation, and personalized content
delivery.

The results of this study may benefit a number of beneficiaries, such as policy makers, entrepreneurs, and
researchers. For policy makers, the research underscores the need for investments in infrastructure that enables
frictionless digital experiences. Since mobile tourists are found to have high involvement, having strong internet
connectivity, incorporating IoT sensors for real-time travel information, and creating data-driven decision
support systems could prove highly effective at boosting visitor satisfaction and economic yield. Real-time
intervention approaches need to be researched in the future to better optimize tourist experiences and economic
impacts. Future research may also involve sentiment analysis and qualitative surveys to better comprehend the
behavior of tourists. Further research in this field might consider testing predictive models in various tourism
settings. Also, pre-travel activities might also consider in examining this relationship. In conclusion, our
research presents a sound and scientific model for interpreting the relationship between tourist mobility and
online engagement, building upon the literature of smart tourism analytics. With the bridging of the existing gap
between applications of IoT and insights into tourist behavior, more data-driven and individualized forms of
tourism become a reality for the digital world.

References:

Abbas-Aghababazadeh, F., Li, Q., & Fridley, B. L. (2018). Comparison of normalization approaches for gene expression
studies completed with high-throughput sequencing. PloS one, 13(10), €0206312. [CrossRef]

Al Kurdi, B., Alshurideh, M., Salloum, S., Obeidat, Z., & Al-dweeri, R. (2020). An empirical investigation into examination
of factors influencing university students” behavior towards eleaming acceptance using SEM approach. International
Journal of Interactive Mobile Technologies (IJIM), 14(02), 19. [CrossRef]

Ali, S. (2025). Exploring the Mediating Role of Behavioral Intention in the Relationship between Social Media Tourism
Promotion, Social Media Tourism Searches, and Tourist Behavior in Pakistan. The Critical Review of Social Sciences Studies,
3(1), 2685-2696. [CrossRef]


https://doi.org/10.1371/journal.pone.0206312
https://doi.org/10.3991/ijim.v14i02.11115
https://doi.org/10.59075/v98ttc91

Analyzing Tourism Mobility and Interaction Trends: Behavioral Insights Powered by the Internet of Things 487

Attfield, S., Kazai, G., Lalmas, M., & Piwowarski, B. (2011, February). Towards a science of user engagement (position paper).
In WSDM workshop on user modelling for Web applications (Vol. 1).

Bouvier, P., Lavoué, E, & Sehaba, K. (2014). Defining engagement and characterizing engaged-behaviors in digital
gaming. Simulation & Gaming, 45(4-5), 491-507. [CrossRef]

Car, T., Stifanich, L. P., & Simunié, M. (2019). Internet of things (iot) in tourism and hospitality: Opportunities and challenges.
Tourism in South East Europe, 5(3), 163-175. [CrossRef]

Cerutti, S., & Piva, E. (2016). The role of tourists’ feedback in the enhancement of religious tourism destinations. International
journal of religious tourism and pilgrimage, 4(3), 4.

Chen, C.-C., & Tsai, J.-L. (2019). Determinants of behavioral intention to use the Personalized Location-based Mobile Tourism
Application: An empirical study by integrating TAM with ISSM. Future Generation Computer Systems, 96, 628-638.
[CrossRef]

Chen, J.,, Becken, S, & Stantic, B. (2022). Hamnessing social media to understand tourist mobility: The role of information
technology and big data. Tourism Review, 77(4), 1219-1233. [CrossRef]

Chong, A. Y. L, Khong, K. W.,, Ma, T, McCabe, S., & Wang, Y. (2018). Analyzing key influences of tourists” acceptance of
online reviews in travel decisions. Internet Research, 28(3), 564-586. [CrossRef]

Davis, F.D. (1989). Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS
Quarterly, 13, 319-340. [CrossRef]

De Cristofaro, C. (2023). Leveraging Wikidata to highlight differences in topics and countries on Instagram Social Network Politecnico
di Torino].

Dickinson, J. E., Ghali, K., Cherrett, T., Speed, C., Davies, N., & Norgate, S. (2014). Tourism and the smartphone app:
Capabilities, emerging practice and scope in the travel domain. Current issues in tourism, 17(1), 84-101. [CrossRef]

Drummond, C., O'Toole, T., & McGrath, H. (2020). Digital engagement strategies and tactics in social media marketing.
European Journal of Marketing, 54(6), 1247-1280. [CrossRef]

Duncan, R. P.,, & Earhart, G. M. (2011). Measuring participation in individuals with Parkinson disease: relationships with
disease severity, quality of life, and mobility. Disability and rehabilitation, 33(15-16), 1440-1446. [CrossRef]

Dutta, S., Dixit, S., & Khare, A. (2024). Examining 360° video tourist experiences and adoption in a developing country.
Qualitative Market Research: An International Journal, 28(2), 209-233. [CrossRef]

Elhanashi, A., Dini, P., Saponara, S., & Zheng, Q. (2023). Integration of deep leaming into the iot: A survey of techniques and
challenges for real-world applications. Electronics, 12(24), 4925. [CrossRef]

Emmanouilidis, C., Koutsiamanis, R.-A., & Tasidou, A. (2013). Mobile guides: Taxonomy of architectures, context awareness,
technologies and applications. Journal of network and computer applications, 36(1), 103-125. [CrossRef]

Ficili, I., Giacobbe, M., Tricomi, G., & Puliafito, A. (2025). From Sensors to Data Intelligence: Leveraging IoT, Cloud, and
Edge Computing with Al Sensors, 25(6), 1763. [CrossRef]

Gupta, P., & Bagchi, A. (2024a). Data Manipulation with Pandas. In Essentials of Python for Artificial Intelligence and Machine
Learning (pp. 197-235). Springer.

Gupta, P., & Bagchi, A. (2024b). Introduction to NumPy. In Essentials of Python for Artificial Intelligence and Machine Learning
(pp- 127-159). Springer.

Hahsler, M., Piekenbrock, M., & Doran, D. (2019). dbscan: Fast density-based clustering with R.

Han, S., & Kwak, L-Y. (2023). Mastering data visualization with Python: practical tips for researchers. Journal of Minimally
Invasive Surgery, 26(4), 167. [CrossRef]

Hietajarvi, L., Maksniemi, E., & Salmela-Aro, K. (2022). Digital engagement and academic functioning. European Psychologist,
27(2), 102-115. [CrossRef]

Javed, M., Tuckovd, Z, & Jibril, A. B. (2020). The role of social media on tourists’ behavior: An empirical analysis of
millennials from the Czech Republic. Sustainability, 12(18), 7735. [CrossRef]

Kim, J., Fesenmaier, D. R., & Johnson, S. L. (2013). The effect of feedback within social media in tourism experiences. In Design, User
Experience, and Usability. Web, Mobile, and Product Design: Second Intermational Conference, DUXU 2013, Held as Part of
HCI Intemational 2013, Las Vegas, NV, USA, July 21-26, 2013, Proceedings, Part IV 2 (pp. 212-220). Springer Berlin
Heidelberg.

Lee, C., Richardson, S., Goh, E., & Presbury, R. (2023). From the tourist gaze to a shared gaze: Exploring motivations for


https://doi.org/10.1177/1046878114553571
https://doi.org/10.20867/tosee.05.42
https://doi.org/10.1016/j.future.2017.02.028
https://doi.org/10.1108/tr-02-2021-0090
https://doi.org/10.1108/intr-05-2017-0212
https://doi.org/10.2307/249008
https://doi.org/10.1080/13683500.2012.718323
https://doi.org/10.1108/ejm-02-2019-0183
https://doi.org/10.3109/09638288.2010.533245
https://doi.org/10.1108/qmr-12-2021-0152
https://doi.org/10.3390/electronics12244925
https://doi.org/10.1016/j.jnca.2012.04.007
https://doi.org/10.3390/s25061763
https://doi.org/10.7602/jmis.2023.26.4.167
https://doi.org/10.1027/1016-9040/a000480
https://doi.org/10.3390/su12187735

Analyzing Tourism Mobility and Interaction Trends: Behavioral Insights Powered by the Internet of Things 488

online photo-sharing in present-day tourism experience. Tourism Management Perspectives, 46, 101099. [CrossRef]

Lim, K. H., Chan, J., Karunasekera, S., & Leckie, C. (2019). Tour recommendation and trip planning using location-based
social media: A survey. Knowledge and Information Systems, 60, 1247-1275. [CrossRef]

Ling, L. T. (2017). The impacts of system quality and information quality on mobile users’ behavioral intentions to use trade show
application systems in Hong Kong: The mediating effects of perceived ease of use and perceived usefulness Doctoral dissertation,
The University of Newcastle, Australia].

Lukita, C., Pangilinan, G. A., Chakim, M. H. R,, & Saputra, D. B. (2023). Examining the impact of artificial intelligence and
internet of things on smart tourism destinations: A comprehensive study. Aptisi Transactions on Technopreneurship (ATT),
5(2sp), 135-145. [CrossRef]

Magurano, D. (2018). Development of a scalable architecture for Industrial Internet of Things

Malinen, S., & Koivula, A. (2020). Influencers and targets on social media: Investigating the impact of network homogeneity
and group identification on online influence. First Monday. [CrossRef]

Massaron, L., & Boschetti, A. (2016). Regression analysis with Python. Packt Publishing Ltd. Miller, H. ]. (2021). Activity-based
analysis. Handbook of regional science, 187-207.

Mohammadi, M., Al-Fuqaha, A., Sorour, S., & Guizani, M. (2018). Deep learning for IoT big data and streaming analytics: A
survey. IEEE Communications Surveys & Tutorials, 20(4), 2923-2960. [CrossRef]

Morales, R. C., Gamboa, ]., Nguyen, B., Siddiqui, O., & Bonsall, J. (2021). Accuracy and Validation of Geotab GPS Fleet Tracking
Devices (0148-7191).

Morrison, L. G., Yardley, L., Powell, J., & Michie, S. (2012). What design features are used in effective e-health interventions?
A review using techniques from critical interpretive synthesis. Telemedicine and e-Health, 18(2), 137-144. [CrossRef]

Muttaqin, A., Murtopo, A. A,, Syefudin, S., & Gunawan, G. (2024). Application of the haversine formula method to determine
the closest distance to a minimarket. Jurnal Mandiri IT, 13(1), 72- 80.

Nowak, R. B, Alimohamadi, H., Pestonjamasp, K., Rangamani, P., & Fowler, V. M. (2022). Nanoscale dynamics of actin
filaments in the red blood cell membrane skeleton. Molecular biology of the cell, 33(3), ar28. [CrossRef]

Nunes, C. A. d. E. S. (2022). Public transport management systems with real-time passenger information Universidade de Evora].

O'Brien, H. L., & Toms, E. G. (2008). What is user engagement? A conceptual framework for defining user engagement with
technology. Journal of the American society for Information Science and Technology, 59(6), 938-955. [CrossRef]

Ortiz, B. L, Gupta, V., Kumar, R, Jalin, A., Cao, X., Ziegenbein, C., Singhal, A., Tewari, M., & Choi, 5. W. (2024). Data
preprocessing techniques for ai and machine learning readiness: Scoping review of wearable sensor data in cancer care.
JMIR mHealth and uHealth, 12(1), €59587. [CrossRef]

Park, S, Zu, ], Xu, Y., Zhang, F,, Liu, Y., & Li, J. (2023). Analyzing travel mobility patterns in city destinations: Implications
for destination design. Tourism Management, 96, 104718. [CrossRef]

Paul, A., Woolley, M., Jaafari, M., & Handal, J. (2024). Cisco Meraki Fundamentals: Cloud- Managed Operations. Cisco Press.

Pennisi, F. (2019). The Role of Culture in Word-of-Mouth Generation and Online Reviews. The Example Of Travel & Tourism
Service.

Pop, R.-A., Saplacan, Z., Dabija, D.-C., & Alt, M.-A. (2022). The impact of social media influencers on travel decisions: The
role of trust in consumer decision journey. Current issues in Tourism, 25(5), 823-843. [CrossRef]

Rifat, M. R., Moutushy, S, Ahmed, S. 1., & Ferdous, H. S. (2011). Location based Information system using OpenStreetMap. 2011
IEEE Student Conference on Research and Development.

Rodgers, S., & Thorson, E. (2018). Special issue introduction: Digital engagement with advertising. Journal of Advertising,
47(1), 1-3. [CrossRef]

Sanchez-Franco, M. J., & Rey-Tienda, S. (2024). The role of user-generated content in tourism decision-making: an exemplary
study of Andalusia, Spain. Management Decision, 62(7), 2292- 2328. [CrossRef]

Shafiezad, O., & Mostofi, H. (2024). Sentiment Analysis of Berlin Tourists” Food Quality Perception Through Artificial
Intelligence. Tourism and Hospitality, 5(4), 1396-1417. [CrossRef]

Shu, H., Pei, T., Song, C., Chen, J., Chen, X, Guo, S, Liu, Y., Wang, X, Wang, X,, & Zhou, C. (2022). Density-based clustering
for bivariate-flow data. International Journal of Geographical Information Science, 36(9), 1809-1829. [CrossRef]

Singh, S., & Srivastava, P. (2019). Social media for outbound leisure travel: a framework based on technology acceptance
model (TAM). Journal of Tourism Futures, 5(1), 43-61. [CrossRef]


https://doi.org/10.1016/j.tmp.2023.101099
https://doi.org/10.1007/s10115-018-1297-4
https://doi.org/10.34306/att.v5i2sp.332
https://doi.org/10.5210/fm.v25i4.10453
https://doi.org/10.1109/comst.2018.2844341
https://doi.org/10.1089/tmj.2011.0062
https://doi.org/10.1091/mbc.e21-03-0107
https://doi.org/10.1002/asi.20801
https://doi.org/10.2196/59587
https://doi.org/10.1016/j.tourman.2022.104718
https://doi.org/10.1080/13683500.2021.1895729
https://doi.org/10.1080/00913367.2017.1414003
https://doi.org/10.1108/md-06-2023-0966
https://doi.org/10.3390/tourhosp5040078
https://doi.org/10.1080/13658816.2022.2073595
https://doi.org/10.1108/jtf-10-2018-0058

Analyzing Tourism Mobility and Interaction Trends: Behavioral Insights Powered by the Internet of Things 489

Toms, S., Crickard, P., & Van Rees, E. (2018). Mastering geospatial analysis with Python: explore GIS processing and learn towork with
GeoDjango, CARTOframes and MapboxGL-Jupyter. Packt Publishing Ltd.

Tonin, G. (2015). Uber: Disruptive innovation and regulation challenges.

Viennot, N., Garcia, E., & Nieh, ]. (2014). A measurement study of google play. The 2014 ACM international conference on
Measurement and modeling of computer systems,

Volo, S., & Irimias, A. (2022). Consumer behavior in e-Tourism. In Handbook of e-Tourism (pp. 119-139). Springer.

Vu, H. Q, Li, G,, Law, R, & Zhang, Y. (2018). Tourist activity analysis by leveraging mobile social media data. Journal of
travel research, 57(7), 883-898. [CrossRef]

Wang, D., Park, S., & Fesenmaier, D. R. (2012). The role of smartphones in mediating the touristic experience. Journal of travel
research, 51(4), 371-387. [CrossRef]

Wang, D., Xiang, Z., & Fesenmaier, D. R. (2016). Smartphone use in everyday life and travel. Journal of travel research, 55(1),
52-63. [CrossRef]

Weber, S., & Péclat, M. (2017). Weber, S., & Péclat, M. (2017). A Simple Command to Calculate Travel Distance and Travel
Time. The Stata Journal: Promoting Communications on Statistics and Stata, 17(4), 962-971. [CrossRef]

Yardley, L., Spring, B. J., Riper, H., Morrison, L. G., Crane, D. H., Curtis, K,, ... & Blandford, A. (2016). Understanding and
promoting effective engagement with digital behavior change interventions. American journal of preventive medicine, 51(5),
833-842. [CrossRef]

Yu, X, Anaya, G. ], Miao, L., Lehto, X., & Wong, I. A. (2018). The impact of smartphones on the family vacation experience.
Journal of Travel Research, 57(5), 579-596. [CrossRef]

Zhang, H., & Dai, L. (2018). Mobility prediction: A survey on state-of-the-art schemes and future applications. IEEE access, 7,
802-822. [CrossRef]


https://doi.org/10.1177/0047287517722232
https://doi.org/10.1177/0047287511426341
https://doi.org/10.1177/0047287514535847
https://doi.org/10.1177/1536867x1801700411
https://doi.org/10.1016/j.amepre.2016.06.015
https://doi.org/10.1177/0047287517706263
https://doi.org/10.1109/access.2018.2885821

