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Abstract

This study aimed to present a comprehensive model of solutions for utilizing new technologies in the development of
badminton in Irag. This applied research employed a mixed-method (qualitative—quantitative) design. In the qualitative
phase, data were collected through semi-structured interviews with 12 experts, including university faculty members, former
national team coaches, federation officials, and badminton specialists. Data were analyzed using thematic analysis through
initial, axial, and selective coding, resulting in the identification of basic, organizing, and overarching themes. In the
quantitative phase, a questionnaire derived from the qualitative findings was distributed among athletes, coaches, and
specialists. Construct validity was confirmed using exploratory and confirmatory factor analyses, and reliability was assessed
using Cronbach’s alpha and composite reliability. Data analysis was performed using SPSS (v.24) and SMART-PLS (v.3).
Structural equation modeling assessed the significance of the relationships, and the predictive power of the model was
evaluated using PLS-Predict. A total of 144 basic themes were identified, including 51 themes related to the functions of
new technologies and 93 themes related to solutions for leveraging these technologies. Structural equation modeling revealed
significant positive effects of the solutions for utilizing new technologies on educational—-research solutions (f = 0.606, T =
3.364), macro-level solutions (p = 0.769, T = 2.741), and organizational solutions (f = 0.807, T = 3.841). All Q2 values were
above zero, and RMSE values for the PLS model were lower than those of the linear model, confirming strong predictive
power. The findings demonstrate that new technologies exert a widespread and significant impact on the development of
badminton across social-cultural, national-international, and sport-technical dimensions. Technology enhances training
quality, decision-making, communication, and organizational effectiveness, while enabling innovation, entrepreneurship,
and modern governance. The proposed model offers a practical framework for policymakers, federations, and sport
organizations seeking technology-driven development in badminton.
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Extended Abstract

Introduction

The rapid integration of modern technologies into the global sports industry has fundamentally transformed
how athletes train, how organizations manage performance, and how societies engage with sport. Over the past
decade, the emergence of artificial intelligence (Al), wearable technologies, data-driven analytics, automation
systems, virtual and augmented reality, multi-sensor platforms, and digital communication structures has
reshaped both elite and mass-participation sports around the world (Avci & Bayrakdar, 2023; Dhar, 2017).
These technological transformations—driven by broader waves of digitalization and innovation—have
introduced new opportunities for enhancing training precision, improving physical performance, strengthening
governance structures, and increasing participation in recreational and competitive sports (Andreff, 2021;
Bauernschuster et al., 2021).

In developing countries, particularly in the Middle East, the adoption of such technologies has been
comparatively slow, yet the need for modernization is evident as global sport becomes increasingly
interconnected and technologically dependent. Research demonstrates that modern technologies can enhance
participation, support athlete development, and enable long-term planning strategies for national sport
organizations (Sheikh-Yousefi et al., 2023; Talebi & Ne'mati, 2023). In racquet sports such as badminton—
characterized by speed, complex motor skills, rapid decision-making, and intricate biomechanical patterns—
the role of digital technologies becomes even more critical. Wearable sensors, biomechanical tracking systems,
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motion-capture platforms, and Al-driven feedback systems enable accurate analysis of movement, prediction
of technique errors, and individualized training prescriptions (Liang & He, 2023; Yang, 2025).

Previous international studies confirm that technologies such as neural-network-based wearables, multisensor
information systems, and Al-based training platforms can significantly improve the accuracy of technical
assessments, physical conditioning, and performance prediction (Bunker & Thabtah, 2019; Du, 2021).
Similarly, research on mass and recreational sports in Iran highlights the critical role of technologies in
promoting participation, improving physical literacy, creating new sport-based economic opportunities, and
reducing healthcare burdens related to inactive lifestyles (Fesanghari et al., 2021; Fesanghari et al., 2023;
Fesanghari, Naderian, et al., 2022). In sports journalism and digital communication, media technologies—
including Al-supported content production and social-network-based fan engagement—have enhanced
visibility, accessibility, and public awareness of less-prominent sports such as badminton (Abeza et al., 2019;
Soltanpour et al., 2023).

From a governance standpoint, studies on national sport organizations emphasize that the development of
technological infrastructures, knowledge-management systems, and multi-actor partnerships is essential for
advancing sport systems, enhancing accountability, and supporting evidence-based decision-making (Bayle &
Madella, 2002; Talebi & Ne'mati, 2023). Similarly, frameworks for identifying emerging technologies
highlight the importance of strategic planning and early recognition of innovation clusters to guide investment
and policy actions in sport (Breitzman & Thomas, 2015). The literature also emphasizes that digital
transformation strengthens coordination in sport networks, improves delivery of sport programs for diverse
populations, and enhances access for disadvantaged communities (Best et al., 2021; Dobbels et al., 2018).
Given this landscape, the integration of modern technologies into badminton development programs appears
not only beneficial but necessary. Despite growing global attention, there remains a lack of comprehensive
frameworks describing how emerging and existing technologies can be strategically utilized to advance
badminton, particularly in developing contexts such as Irag. This study addresses this gap by identifying key
functions of modern technologies and proposing actionable strategies for leveraging them in the development
of badminton, using an exploratory mixed-methods design. The introduction of such a model is expected to
support organizational decision-making, enhance athlete development, promote mass participation, and align
national badminton systems with global technological trends.

Methods and Materials

This study employed a mixed-method exploratory design. In the qualitative phase, semi-structured interviews
were conducted with experts including national badminton officials, federation leaders, university faculty
members in sport sciences, national-level coaches, and badminton specialists. Participants were selected using
purposive and theoretical sampling. Interview data were analyzed through thematic analysis involving initial
coding, axial coding, and the development of organizing and overarching themes.

Based on qualitative findings, a quantitative survey instrument was developed. The questionnaire included
items derived from the identified themes and was administered to badminton athletes, coaches, experts, and
sport practitioners. Construct validity was assessed using exploratory and confirmatory factor analyses, while
reliability was examined using Cronbach’s alpha and composite reliability indices. Structural equation
modeling (SEM) using PLS-SEM was employed to evaluate the relationships between identified constructs.
The predictive power of the model was assessed using PLS-Predict procedures.

Findings

(Report statistical and qualitative results without citations.)

Qualitative analysis produced 144 basic themes. Of these, 51 themes related to the functional role of modern
technologies in badminton, categorized into seven organizing themes and three overarching themes: (1) socio-
cultural functions, (2) national and international functions, and (3) sport-specific technical functions.
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Additionally, 93 basic themes were identified as strategies for leveraging technologies, grouped into nine
organizing themes under three overarching categories: (1) educational and research strategies, (2) macro-level
strategies, and (3) organizational strategies.

Quantitative results indicated that the mean score for overall strategies for utilizing modern technologies in
badminton was 4.11, with macro-level strategies receiving the highest mean score and organizational strategies
the lowest. Structural equation modeling showed significant positive effects of technological utilization
strategies on educational and research strategies (p = 0.606; T = 3.364), macro-level strategies (B = 0.769; T =
2.741), and organizational strategies (f = 0.807; T = 3.841). All Q? values were positive, and all PLS-SEM
prediction errors (RMSE) were lower than linear-model errors, confirming strong predictive power. These
results demonstrate the robustness and validity of the proposed model.

Discussion and Conclusion

The results of this study demonstrate that modern technologies exert multidimensional influence across all
levels of badminton development. Functions identified in the qualitative phase highlight the capacity of
technology to improve public health, promote active lifestyles, increase social engagement, and strengthen
community awareness. Furthermore, technologies facilitate international competitiveness by enabling more
precise training, enhancing scientific preparation, and promoting global alignment in sport development.
From a managerial perspective, the study shows that technologies reshape governance systems by enabling
better information management, supporting evidence-based decision-making, and enhancing organizational
transparency. In badminton specifically, the use of Al-supported training tools, wearable sensors, and digital
feedback systems allows coaches and athletes to analyze performance with unprecedented precision, resulting
in more effective skill development and injury prevention.

Macro-level strategies identified in the study emphasize the need for policy support, benchmarking global
experiences, and empowering technological specialists to guide sport development. Organizational strategies
highlight the importance of accurate marketing, coordinated federation actions, and systematic evaluation
mechanisms to ensure that technology adoption is both efficient and sustainable.

Educational and research strategies also play a critical role, as integrating technology-focused curricula,
conducting scientific studies on digital sport tools, and establishing knowledge-exchange pathways among
stakeholders are essential for long-term progress. Collectively, these findings reveal that the future of
badminton development depends on a deliberate, structured, and well-supported integration of technological
capacities.

In conclusion, this study provides a comprehensive model outlining how modern technologies can support the
technical, social, organizational, and national development of badminton. The proposed framework not only
enhances the scientific understanding of technology’s role in sport but also offers practical guidance for
policymakers, coaches, educators, and sport organizations. Through strategic and coordinated adoption of
technological innovations, badminton can achieve higher levels of performance, participation, and professional
advancement.
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