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Objective: The purpose of this study was to develop a comprehensive model based on XGBoost
and DistilBERT artificial intelligence algorithms to identify, model, and explain the factors
influencing Al adoption in marketing activities of food-industry small and medium-sized
enterprises (SMEs) and to analyze customer behavior patterns.

Methodology: This study employed a mixed-methods design grounded in an interpretivist
philosophy and an inductive approach. In the qualitative phase, semi-structured interviews were
conducted with 12 managers and experts from the food industry and analyzed using the Attride-
Stirling thematic analysis method. The analysis yielded 25 organizing themes grouped into
technological infrastructure, human resources and knowledge, financial and economic resources,
organizational factors, data and analytics, market factors, legal and ethical considerations, and
strategic factors. In the quantitative phase, a researcher-developed Likert-scale questionnaire
derived from the qualitative findings was administered to 384 food-industry managers and
specialists. Following confirmation of data normality and instrument reliability, XGBoost was
applied to numerical variables, whereas DistilBERT was used for textual data analysis.

Findings: The inferential results identified managerial acceptance, marketing personalization, and
financial resources as the most influential determinants of Al adoption. The XGBoost model
demonstrated strong predictive performance, achieving 92% accuracy, R? = 0.85, and RMSE =
1.23 while effectively prioritizing predictor importance. Furthermore, the DistilBERT model
achieved 91% accuracy and an F1-score of 0.87 in customer behavior analysis and prediction based
on textual data, outperforming alternative approaches in low-error prediction cases.

Conclusion: The integration of XGBoost and DistilBERT provides a localized and practically
applicable framework for Al-driven marketing in food-industry SMEs. The proposed model
enhances marketing decision-making, supports customer-centered strategy development, reduces
marketing costs, improves conversion rates, and strengthens competitive advantage. Accordingly,
investment in data infrastructure, managerial training, and collaboration with Al-focused
technology firms are recommended to facilitate successful implementation.

Keywords: Artificial Intelligence Algorithms; Marketing; Small and Medium-Sized Enterprises;
Food Industry.
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EXTENDED ABSTRACT
Introduction

Artificial intelligence (Al) has emerged as one of the most transformative technologies in
contemporary business environments, fundamentally reshaping organizational processes, decision-
making mechanisms, and marketing strategies. The rapid advancement of machine learning, deep
learning, natural language processing, and predictive analytics has enabled firms to process large volumes
of structured and unstructured data, generate actionable insights, and create personalized customer
experiences. In recent years, Al has become an essential component of digital marketing, allowing
organizations to improve customer engagement, optimize communication channels, and enhance
marketing effectiveness through intelligent automation and data-driven decision-making (Verma et al.,
2021). Moreover, Al-driven digital marketing systems have demonstrated significant potential for
improving consumer interactions and supporting sustainable consumption behaviors through social and
mobile platforms (Acatrinei et al., 2025).

The food industry represents one of the sectors most affected by technological transformation and
digital innovation. Increasing competition, changing consumer preferences, growing concerns regarding
food quality and safety, and the expansion of digital communication channels have created a need for
more sophisticated marketing approaches. Artificial intelligence provides opportunities for food
businesses to better understand customer behavior, forecast demand, personalize marketing campaigns,
improve supply chain management, and increase organizational productivity (Ding et al., 2023). Recent
studies have highlighted the growing role of Al across the entire agri-food ecosystem, from agricultural
production and food processing to distribution, retailing, and customer relationship management
(Aghababaei et al., 2025; Taneja et al., 2023). Furthermore, Al-powered innovations have contributed to
improvements in food safety, traceability, quality assurance, and fraud detection, thereby strengthening
consumer trust and organizational competitiveness (Magdas et al., 2025; Yin et al., 2025).

Small and medium-sized enterprises (SMES) constitute a substantial portion of the food industry
and play a critical role in economic development, employment generation, and innovation. Despite their
importance, many SMEs face challenges in adopting advanced technologies due to limited financial
resources, insufficient technical expertise, inadequate digital infrastructure, and uncertainty regarding
technology implementation. Nevertheless, digital transformation offers significant opportunities for SMEs
to improve resilience, adaptability, and market performance. Research has demonstrated that digital
capabilities and marketing competencies contribute significantly to SME sustainability and competitive
advantage (Hokmabadi et al., 2024). Similarly, studies examining digital marketing performance indicate
that the integration of advanced technologies can substantially enhance SME effectiveness and
organizational outcomes (Sharabati et al., 2024).

In the food sector specifically, Al applications have expanded rapidly. Researchers have reported
positive effects of Al on productivity, operational efficiency, innovation capacity, and financial
performance among food-related enterprises (Liu et al., 2024; Wang & Liu, 2025). Al-based solutions have
been successfully applied in sales forecasting, customer segmentation, quality control, product
development, and strategic decision-making (Esmaeily et al., 2024; Jayan et al., 2025). Advanced machine
learning models such as XGBoost have demonstrated remarkable performance in forecasting agricultural



product sales and identifying critical business factors affecting organizational outcomes (Li et al., 2024;
Romero Martinez et al., 2025). Simultaneously, natural language processing models have become
increasingly important for analyzing customer feedback, online reviews, and social media interactions.
DistilBERT, as an efficient transformer-based language model, has shown strong performance in
extracting meaningful patterns from textual data while maintaining computational efficiency (Adel et al.,
2022).

Consumer behavior in the food industry has become increasingly complex due to changing dietary
preferences, health awareness, sustainability concerns, and digital engagement. Understanding these
behavioral patterns is essential for designing effective marketing strategies. Recent analyses of consumer
trends in food markets have emphasized the importance of customer segmentation and preference
identification for improving marketing performance and market responsiveness (Sgroi et al., 2025). Al
technologies provide businesses with unprecedented capabilities to analyze such trends and develop
highly personalized marketing initiatives. Comprehensive reviews of Al in digital marketing further
indicate that predictive analytics, customer profiling, and personalized communication represent some of
the most impactful applications of Al in contemporary marketing environments (Ziakis & Vlachopoulou,
2023).

Despite the growing body of literature on Al applications in marketing and food industries, several
gaps remain. Existing studies often focus either on large corporations or on specific technological
applications rather than providing integrated models for SMEs. Moreover, many investigations rely
exclusively on quantitative or qualitative data, limiting the ability to capture the multidimensional nature
of Al adoption. There is also a lack of comprehensive frameworks that simultaneously examine
organizational, technological, financial, strategic, and customer-related factors influencing Al
implementation in food-industry SMEs. Therefore, the present study sought to develop an integrated
model based on XGBoost and DistilBERT algorithms to identify, analyze, and prioritize the factors
affecting Al adoption in marketing activities among food-industry SMEs.

Methods and Materials

This study employed a mixed-methods research design consisting of qualitative and quantitative
phases. The qualitative phase adopted an interpretivist perspective and an inductive approach to identify
the key factors influencing Al adoption in marketing among food-industry SMEs. Semi-structured
interviews were conducted with 12 experts, managers, and specialists possessing substantial experience
in food-industry marketing, digital transformation, and artificial intelligence applications. Participants
were selected through purposive sampling until theoretical saturation was achieved.

Interview data were analyzed using the Attride-Stirling thematic analysis method. Initial codes
were extracted from interview transcripts and subsequently categorized into basic themes, organizing
themes, and global themes. The qualitative findings formed the basis for developing the conceptual
framework and designing the quantitative instrument.

The quantitative phase involved 384 managers and specialists working in food-industry SMEs. A
researcher-developed questionnaire based on the qualitative findings was designed using a five-point
Likert scale. The questionnaire measured variables related to technological infrastructure, human
resources and knowledge, financial resources, organizational factors, data and analytics, market factors,
legal and ethical considerations, and strategic factors.
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Data normality was assessed using the Kolmogorov—Smirnov test, while reliability was evaluated
through Cronbach’s alpha coefficients. Descriptive statistics were calculated for all variables.
Subsequently, the XGBoost algorithm was employed to model and predict the factors influencing Al
adoption using structured numerical data. DistilBERT was utilized to analyze textual data and identify
customer behavior patterns and purchasing tendencies. Model performance was evaluated using accuracy,
precision, recall, F1-score, coefficient of determination (R2), and error-related indicators.

Findings

The qualitative analysis resulted in the identification of 25 organizing themes grouped into eight
major dimensions: technological infrastructure, human resources and knowledge, financial and economic
resources, organizational factors, data and analytics, market factors, legal and ethical factors, and strategic
factors.

Descriptive findings indicated that the mean scores of the identified factors ranged from 3.45 to
4.25 on a five-point scale, demonstrating moderate to high agreement among respondents regarding their
importance. The highest mean values were observed for managerial acceptance of technology (M = 4.25),
marketing strategy personalization (M = 4.25), awareness of Al competitive advantages (M = 4.20),
organizational innovation culture (M = 4.15), and compatibility of Al with existing marketing processes
(M = 4.15). The lowest mean values were associated with implementation costs (M = 3.45), investment
in research and development (M = 3.55), and access to Al specialists (M = 3.60).

Results of the Kolmogorov—-Smirnov test demonstrated that all significance values exceeded 0.05,
confirming the normal distribution of data and supporting the use of parametric analyses. Cronbach’s
alpha coefficients ranged from 0.78 to 0.88, indicating satisfactory to excellent reliability for all study
variables.

The XGBoost model demonstrated strong predictive performance with an accuracy of 0.92, an R?
value of 0.85, and an RMSE of 1.23. Feature importance analysis identified managerial acceptance of
technology as the most influential predictor (Gain = 15.2), followed by marketing personalization
capability (Gain = 14.8), access to financial resources (Gain = 13.5), innovative organizational culture
(Gain = 12.9), and data quality (Gain = 11.7).

The DistilBERT model achieved an accuracy of 0.91, precision of 0.89, recall of 0.90, and an F1-
score of 0.87. Attention-weight analysis similarly identified managerial acceptance (0.65), marketing
personalization (0.58), access to financial resources (0.52), organizational innovation culture (0.48), and
data quality (0.44) as the most significant factors in analyzing customer-related textual information.

Comparison of error distributions revealed that DistilBERT produced a larger number of low-error
predictions than XGBoost, particularly within the lowest error interval. Specifically, DistilBERT
generated 145 predictions within the 0-0.3 error range, compared with 120 predictions for XGBoost.
These findings suggest superior performance of DistilBERT in processing textual customer data, while
XGBoost demonstrated stronger capabilities in modeling structured numerical relationships among
organizational variables.

Discussion and Conclusion

The findings demonstrate that successful adoption of artificial intelligence in marketing activities
among food-industry SMEs is influenced by a complex interaction of organizational, technological,
financial, strategic, and customer-related factors. Among all identified variables, managerial acceptance



of technology emerged as the most influential determinant across both analytical models. This result
highlights the critical role of leadership commitment in facilitating digital transformation and promoting
the implementation of innovative technologies. Managers serve as key decision-makers responsible for
resource allocation, strategic direction, and organizational change management. Consequently,
organizations with supportive leadership are more likely to adopt Al technologies successfully.

Another significant finding concerns the importance of marketing personalization. The high
ranking of this factor indicates that SMEs recognize Al primarily as a tool for enhancing customer
engagement and delivering tailored marketing experiences. Personalized communication enables firms to
better address customer needs, improve satisfaction, and strengthen loyalty. The prominence of this factor
reflects the growing demand for individualized marketing approaches in increasingly competitive food
markets.

Data quality also emerged as a critical determinant of Al adoption. High-quality data constitute
the foundation of successful Al implementation because predictive algorithms depend on accurate and
reliable information. Organizations lacking appropriate data management practices may encounter
substantial difficulties when attempting to deploy Al-driven systems. Consequently, investments in data
collection, integration, storage, and governance appear essential for maximizing the benefits of artificial
intelligence.

The importance of innovative organizational culture further emphasizes that Al adoption is not
merely a technological process but also a cultural transformation. Organizations that encourage
experimentation, continuous learning, and openness to change are more likely to benefit from advanced
technologies. Such cultures facilitate employee acceptance, reduce resistance, and enhance organizational
adaptability during technology implementation.

Financial considerations represented another major factor influencing Al adoption. While access
to financial resources positively contributed to implementation readiness, high implementation costs were
identified as important barriers. This finding reflects the realities faced by many SMEs, which often
operate under constrained budgets and limited investment capacity. Therefore, affordable technological
solutions and external support mechanisms may play an important role in expanding Al utilization among
smaller firms.

The comparative analysis of XGBoost and DistilBERT demonstrated that both algorithms provide
valuable insights, although they address different analytical needs. XGBoost proved highly effective for
structured numerical data and factor prioritization, whereas DistilBERT excelled in analyzing textual
information and customer feedback. The complementary strengths of these algorithms suggest that
integrating structured and unstructured data analyses can generate a more comprehensive understanding
of Al adoption and customer behavior.
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