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Objective: The Internet of Things (IoT) is a technology that connects objects through the internet
to enhance efficiency and enable smart functionalities, ultimately achieving its goal of providing a
more efficient and intelligent experience. This study aimed to identify the applications of IoT in
indoor swimming pools in Kerman Province.

Method: The present research adopted a mixed-methods approach (qualitative and quantitative)
and was conducted using an exploratory-survey method with an applied objective. In the qualitative
phase, thematic analysis was employed, and data were collected through interviews with 12 experts
(including pool managers, professional swimming coaches, and university professors) using the
snowball sampling technique until theoretical saturation was achieved. Data analysis was performed
through coding and using MAXQDA software. In the quantitative phase, the extracted factors were
ranked through pairwise comparison questionnaires based on the Analytic Hierarchy Process (AHP)
and evaluated by 25 selected experts. The data were then analyzed using Expert Choice software
(Version 11).

Results: The findings of the qualitative analysis identified the primary applications of IoT in
swimming pools, while the quantitative phase prioritized them in the following order (Safety and
security management, Human resource management, Pool hygiene, Energy management, Service
management, Marketing, Customer relationship management, Enhancing pool agility).
Conclusions: The results highlight the significant role of IoT in improving the productivity and
operational conditions of sports pools, emphasizing the need for managers, coaches, and lifeguards

to adopt this technology.
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Introduction

The Internet of Things (IoT), introduced by Kevin Ashton in 1999, refers to a network of
physical devices interconnected through sensors, software, and communication technologies,
enabling data collection, analysis, and exchange without human intervention, thereby
enhancing object intelligence, efficiency, automation, and remote control across domains such
as smart homes, cities, healthcare, industry, agriculture, and sports. Recognized as the "second
internet," IoT has transformed industries like energy, transportation, retail, and healthcare,
receiving substantial support in countries such as the United States, China, the European Union,
and India, though in Iran, only a few research institutions have explored its potential. In sports,
particularly in swimming pools, IoT facilitates smarter infrastructure management by
simplifying maintenance, reducing costs, and enhancing safety, addressing critical issues like
drowning, which claims 400,000 lives globally each year and ranks as the third leading cause
of accidental death in Iran, with 40% of cases occurring in pools. By employing real-time
monitoring of water quality (pH, chlorine, turbidity), energy optimization (heating, pumps),
access control, and automated alerts, [oT mitigates challenges such as electrical hazards,
slippery surfaces, and infectious diseases. Prior research in healthcare and sports has primarily
focused on physiological monitoring and security, with international studies demonstrating over
90% accuracy in rehabilitation and water quality prediction. However, gaps persist in
organizational management and non-health-related applications within Iranian sports,
particularly in Kerman, where environmental and resource constraints exacerbate challenges.
This study investigates the applications of the Internet of Things (IoT) in Kerman’s indoor
swimming pools and their prioritization to enhance safety, hygiene, cost-efficiency, and
operational effectiveness, addressing local issues such as microbial contamination and energy
management needs.

Method

Text This study employs a mixed-methods (qualitative and quantitative) exploratory-survey
design with an applied objective, focusing on the applications of the Internet of Things (IoT) in
indoor swimming pools in Kerman Province. In the qualitative phase, the population comprised
pool managers, academic experts, and swimming specialists in Kerman, with 12 participants
selected via purposive and snowball sampling until theoretical saturation was achieved (after
10 interviews, with two additional interviews for confirmation). Data were collected through
semi-structured interviews (averaging 40 minutes), recorded, transcribed, and analyzed using
thematic analysis in MAXQDA software, yielding 153 initial codes, reduced to 133 open codes.
The validity of interviews was ensured using Guba and Lincoln’s (1994) criteria (credibility,
confirmability, dependability, and transferability), while reliability was confirmed with a Kappa
coefficient of 0.74 and retest reliability on three randomly selected interviews coded twice over
a 30-day interval. In the quantitative phase, 25 experts with expertise in pool management,
swimming, and [oT were purposively selected for Analytic Hierarchy Process (AHP) analysis.
A researcher-designed questionnaire, derived from qualitative findings, utilized pairwise
comparisons, achieving a consistency ratio of 0.072 (below the acceptable threshold of 0.1).
Data were analyzed using Expert Choice software to rank IoT applications, aiming to enhance
safety, hygiene, and efficiency in Kerman’s indoor pools.
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Results

This study examines the demographic characteristics of the research sample and descriptive
findings related to the applications of the Internet of Things (IoT) in indoor swimming pools in
Kerman Province. In the qualitative phase, 12 participants (7 men, 5 women) aged 23 to 57
years, with educational levels ranging from associate degree to doctorate, and occupations
including lifeguards, facility managers, pool managers, swimming coaches, and university
instructors (with 3 to 35 years of experience) were interviewed. In the quantitative phase, 25
experts (11 men, 44%; 14 women, 56%; 7 singles, 28%; 18 married, 72%) aged 25 to over 35
years, with qualifications from associate degree (4%) to doctorate (8%), and roles such as
lifeguards, pool managers, teachers, employees, and university instructors, were surveyed. Of
the 42 pools in Kerman, 45.24% are located in Kerman city and 54.76% in surrounding
counties. Respondents’ perspectives indicated that 24 participants considered IoT
implementation essential and a priority. Thematic analysis identified 133 initial codes, 41 sub-
themes, and 8 main themes: energy management, safety and security management, pool
hygiene, service management, marketing, human resource management, pool agility, and
customer relationship management. Using the Analytic Hierarchy Process (AHP) and Expert
Choice software, IoT applications were prioritized with a consistency ratio of 0.072. The final
ranking, in order of importance, is as follows: 1) Safety and Security Management (weight:
0.162), 2) Human Resource Management (0.151), 3) Pool Hygiene (0.144), 4) Energy
Management (0.133), 5) Service Management (0.122), 6) Marketing (0.112), 7) Customer
Relationship Management (0.099), and 8) Pool Agility (0.078).

Discussion

This study aimed to identify and prioritize the applications of the Internet of Things (IoT) in
indoor swimming pools in Kerman Province using a mixed-methods approach, resulting in the
identification of eight primary applications: safety and security management, human resource
management, pool hygiene, energy management, service management, marketing, customer
relationship management, and pool agility. Safety and security management, encompassing
sub-themes such as incident prevention, real-time monitoring, intelligent lighting adjustment,
and privacy protection, mitigates risks through accurate data and rapid response. Human
resource management enhances workforce efficiency through intelligent supervision, planning,
and organization. Pool hygiene ensures swimmer health by real-time monitoring of water
quality parameters (pH, chlorine, turbidity) and controlling infectious diseases. Energy
management reduces water and electricity consumption via smart control of facilities, saunas,
and jacuzzis, lowering costs and enhancing sustainability. Service management facilitates
operations through features like online payments and virtual training. Marketing improves
customer acquisition through online ticket sales and smart advertising. Customer relationship
management strengthens user loyalty by monitoring satisfaction and offering personalized
services. Pool agility enhances operational efficiency with rapid control and immediate support.
To optimize IoT implementation in indoor pools, it is recommended to prioritize the
deployment of smart systems for safety and security, such as incident detection sensors and
real-time monitoring, to reduce risks, followed by the development of water quality monitoring
and smart facility control systems to improve hygiene and energy efficiency.
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Conclusions

Training staff and managers on IoT technologies, establishing robust communication
infrastructures like 5G, and investing in digital marketing and customer relationship systems
are essential to enhance user attraction and satisfaction. Additionally, addressing privacy
concerns and implementation costs through legal frameworks and secure technologies is
critical to ensure the sustainability and efficiency of pool operations.
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