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Abstract: Internet of Things (IoT), a new information technology, has obviously prompted building management. For 

stadiums are symbol buildings of many cities, investments on their modern upgrade are sustainable and incredible. Any 

investment will be focused by the public. However, lacking decision-making methodology for judging the income makes 

it difficult for upgrade willing of stadium owners. This paper has proposed a conceptual model of IoT-aided stadium in-

formation system (SIS) basing Internet of Things (IoT). Using the Analytic Hierarchy Process (AHP), a Multi-Criteria 

Decision Making template was designed for comparing SIS with a conventional SIS that in use at the Nanjing Olympic 

Center of China. The results showed that IoT-aided SIS was more meaningful and efficient than conventional SIS. With 

IoT, SIS helps stadium and enlarge its functional capability for local community and provide potentiality for the sports 

market. As an experimental technology still in progress, the key for IoT-aided SIS is the typical applications that provide 

standard and reference for future following applications. 
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1. INTRODUCTION 

Modern stadiums are primarily venues for plays, con-
certs, and other issues. For economic and other benefits, in-
cluding increasing use and tax income, many cities across 
the world consider stadium application in their strategic de-
velopment plans [1]. While the goals of sports investment 
encourage people to come back to stadiums and participate 
more sports activities, such initiatives are potentially consid-
ered as economic boosts [2]. Scholarly works, which touched 
the technology impact on sports facilities, indicate that sports 
teams and their facilities promise a great deal for the city, 
while the economic returns on investments are questionable 
[3]. The key to this argument is the extent to which spending 
on sports-related activities replaces spending on existing 
goods and services. Technology innovation is acknowledged 
as a competitive solution.  

Technology is used to grow consumer interest and in-
crease funding for sports, improve the quality of sports, 
regulate sports, and better access to sporting experiences  
[4-7]. In many domains, technology may act as an engine for 
management innovations. Innovations that address pre-
identified needs have a greater capability to prompt sports 
facilities. To date, there are no adequate systems, services, or 
software in the sports facilities management area [8] that 
satisfy the needs outlined above. Further, sports facilities 
information systems have received comparatively little atten-
tion from researchers. Our apprehension of the framework of 
the sports facilities information system is nevertheless at a 
rudimentary level. It is yet unclear what new technological 
frameworks such as the Internet of Things (IoT) contribute 
to sports facilities information systems.  

 

 

 
 

In addition, to the best of our knowledge, there are no at-
tempts in the literature to develop a sports facilities informa-
tion system as a theoretical construct and to operate it for use 
in empirical studies. This paper seeks to rectify this situation 
fairly. The purpose of this paper is to develop and define a 
conceptual model of IoT-aided stadium information system 
(SIS) as a theoretical construct. Then compared with the 
conventional SIS, advantages and disadvantages of IoT-
aided SIS are presented for sports facilities and managers 
who strive to offer high-quality services to their users. 

2. BACKGROUND 

2.1. Scope and Scale of SIS 

Traditionally, SIS also was known as a direct digital con-
trol system, and was regarded as tools for maintaining and 
caring for public, private, and non-profit facilities used for 
sports, recreation, and leisure, in order to ensure safe and 
secure production and distribution of products and services 
to users [9]. As a fact, stadiums often were a public building 
in the community and it did not result in significant devel-
opment. The provision of suitable, accessible, and readily 
available sports facilities underpinned participation in sports 
and physical activities and helped to deliver the socially and 
economically beneficial by-products that accrued to an active 
community. Therefore, rather than a tool only for facilities 
management, an SIS which focused on communities with 
specific development logics and successful action plans was 
served as a driver for human developments. 

This further highlighted the SIS inclusiveness for sports 
as a core component of an imagined health system that maxi-
mized the economical consumption of public funds and 
promoted healthier life choices for all. Further, Sports was 
seen as a viable “treatment” in the prevention of a range of 
conditions and the promotion of better public health [10]. 
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The health benefits of stadiums were alluring, and research-
ers did doubtless continue to add to the growing body of 
impressive evidence. To optimize the value of SIS in pro-
moting communities to more physical activities, it made 
sense for sports development and health professionals to 
work together more systematically. Sports provided the im-
petus for sedentary people, often indisposed to structured 
exercise, to become active. It also did the very important 
work of sustaining activity for those who were already ac-
tive. Recent governmental policy moves had opened the door 
for work in this area to progress, although greater explicit 
political endorsement was desired. Many highly innovative 
and successful initiatives already took advantage of the op-
portunities and provided by the link between sports and bet-
ter health.  

2.2. Requirements for SIS with IoT 

The Internet of Things (IoT) referred to the interconnec-
tion of uniquely identifiable embedded computing-like de-
vices within the existing Internet infrastructure, and it al-
lowed information to be shared among systems that affect 
each other [11, 12]. The Internet of Things promised vast 
opportunities, but it also posed challenges for businesses that 
sought to take action and realized tangible results as it 
seemed overwhelming, complicated and expensive. It was 
clear that the developments in information technologies had 
affected stadium management significantly, from simple 
information management purposes to complex community 
health promotion [13]. As a result, IoT inevitably influenced 
the structure of SIS. New interoperable SIS represented a 
dramatic change, either in design or in function, from simple 
to even the most complex systems. With the development of 
Wireless Sensor Networks (WSN), such as Radio Frequency 
Identification devices (RFID) and Data Mining, IoT would 
solve challenges step by step. Though developments of many 
IoT based systems were reported in relative fields, such de-
sign on SIS should be noticed and addressed on the extended 
functionality of future stadiums. 

2.2.1. Flexibility 

Stadiums provided with extra functions were identified 
from other buildings, and the investment proportions of sta-
dium information systems in the total funding were relatively 
higher, approximately 4% to 5% [14]. Because stadium in-
formation systems primarily used during comprehensive 
sports games, and transferred to community use afterwards, 
many subsystems were commonly considered low-return or 
high-idle. In most cases, especially in the initial design of 
those small and medium stadiums, information systems were 
always neglected and not taken into account. This was no 
benefit of SIS development in the future. To avoid invest-
ments waste or to efficiently use investments, SIS must be 
flexible. Rather than a completely new design, the IoT-aided 
SIS was an amelioration and reintegration into the conven-
tional SIS.  

2.2.2. Individual 

With the feature of individuation, high standards, and 
high-quality services, once they matched with technical sys-
tems, new market opportunities was obvious to sports man-
agement [15, 16]. IoT made SIS more intelligent and smart, 

which managers utilized to wisely operate the stadium. They 
even analyzed the spending habits of a spectator so that they 
provided targeted paid services. Consequently, the SIS di-
rectly affected the efficiency and effectiveness of the man-
agement of the stadium. Finally, information value chains 
would attract more funds and investments into SIS, and 
would prompt stadium management to act.  

2.2.3. Knowledge 

Information was a special product in the market for it 
provided enough knowledge. Knowledge was the aggrega-
tion of related information that formed a set of expectations 
or rules [16] and provided a clearer apprehension of the ag-
gregated information [17]. Information systems were pre-
pared that permitted people to extend their own knowledge 
while also benefitted the organization [18]. Data mining was 
the hunt for knowledge within the data. The SIS collected 
sports data from a myriad of structured and unstructured 
sources. The process of extracting these data to useful and 
interesting sports knowledge was categorized by the tech-
niques practiced. Stadiums were ideal sources for data min-
ing and knowledge management approaches. This was one 
of the important development trends of stadiums with the 
background of a more intellectual society. 

2.2.4. Open 

An open platform meant that the standard was both more 
likely to be of a high quality and much more likely to be-
come widely embraced. Open standards lowed entry barriers 
and encouraged competing implementations, which in turn 
tended to foster innovation and lower costs to the consumer. 
The sports facility had become the most important compo-
nent in the sports marketing [19]. It assisted to make a mar-
ket [20] for sports and health promotion related to stadiums, 
as well as SIS evolution and operational creativity. Stadiums 
highly opened at most to meet the requirements of groups, 
such as minors, seniors or those with disabilities, and pro-
pelled both of economic benefits and social benefits [21]. 
Many researchers had proven that sports well promoted pub-
lic health, which was a potential value of the SIS. 

2.3. Conceptual Model Purposed 

As mentioned above, the primary purpose of IoT-aided 
SIS was to pay more attention to the community sports pro-
motion, this goal was achieved via the IoT. In this paper, we 
identified a conceptual model for IoT-aided SIS which was 
approved by some experts in this field through group discus-
sion.  

A simplified model for investigating the ways the IoT 
technology enhanced stadium management was proposed in 
Fig. (1). In this model, it included three-level: hardware layer 
gathered the information of individuals and facilities in the 
stadium to promote the utilization and maximize the function 
of facilities; communication layer provided a platform for 
IoT-aided SIS to label the stadium with digitization, and rea-
sonable integrated control was deployed according to the 
standards of information needs for effective usage of facili-
ties; software layer sort and analyzed the resources in the 
stadium to provide open information services. WSN and its 
applications adequately built a flexible and open platform. 
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The sensor nodes, the gateways, or the server was omitted 
for specific components which adapted to best suit the appli-
cation requirements and environmental conditions.  

Moreover, workflow frameworks of this model reflected 
the characteristics of an organization as its members work 
through different stages in the cycle, providing conceptual 
guidelines on essential requirements and components at each 
stage, including key success drivers and indicators. The 
workflow of IoT-aided SIS focused on the provision of high-
quality services and accurately collecting data on users’ 
physical activities Fig. (2).  

At its core was the electronic sports record (ESR), which 
contained a series of SOAP message formats and the ex-
change of XML-formatted data. ESR was compatible with 
electronic health record (EHR) and adopted a similar data 
structure to it. ESR data came from a variety of sources. It 
interpreted and executed the established workflow and con-
trolled all the components in the system to enact the whole 
process. The functionalities of the system were organized as 
several components corresponding to tasks.  

After an initial deliberation, there was a need to develop 
a systematic evaluation model for SIS. It was necessary to 

 

Fig. (1). The framework comparison of IoT-aided model SIS and conventional SIS. 

 

Fig. (2). The Workflow of the IoT-aided SIS. (ESR = electronic sports record, GP = general practitioner, HRMIS = human resources 

management information system, PSS = products sales system, M&ES = measurement and evaluation system of sports science, MIS = 

management information system, RHIS = routine health information system, (S) EHR = (shared) electronic health record). 
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identify the factors that influenced the construction of SIS. 
Generic assessment measures include inputs, outputs, usage, 
outcomes, and domain measures [22]. The identified criteria 
were validated into a hierarchic structure of criteria, sub-
criteria and alternatives. The following detailed description 
was criteria for evaluating and developing an SIS: 

Inputs: Provide high-quality sports, recreation, and lei-
sure environments. 

Output: Maintain facilities that best encourage and en-
able sports, recreation, and leisure practices. 

Usage: Manage facilities effectively and efficiently in 
accordance with community use and sports management. 

Outcomes: Ensure funds for stadium facilities are ade-
quate and equitably allocated. 

Domain: Offer data on community’s sports and health 
situation to local health authorities, which are critically im-
portant for effective sports and health promotion. 

Then, developing a detailed matrix (Table 1) help to de-
fine what specific data were incorporated into the SIS.  

3. METHODOLOGY 

In our work, the IoT-aided SIS described in this article 
were compared with the conventional SIS which used in the 
Nanjing Olympic Center. The Nanjing Olympic Center was 
established in 2005 and included several modern stadiums. 
The impacts of information technology had been a focus of 
research in recent years. A number of methods had been ap-
plied to evaluate their business performances. However, the 
applicability of these methods was often weakened by so-
phisticated mathematical models or limited attributes to fa-
cilitate operation in a real-world system design, especially 

when some attributes were not readily quantifiable, as well 
as difficult for managers to understand. The analytic hierar-
chy process (AHP) method directed how to determine the 
priority of a set of alternatives and the relative importance of 
attributes in a multi-criteria decision-making problem, and 
had been extensively discussed in various aspects [23]. 
However, it did not explain how to construct a specific ob-
jective structure relating to the management strategies and 
how to extract the proper criteria for evaluating how well the 
management requirements had been satisfied. Little research 
had been directed to address the subject of objective struc-
tures for assessing information systems. In one study con-
ducted, a systematic procedure was proposed to construct the 
objective structure taking into account stadium management 
strategies and subsequently extract the associated attributes 
to evaluate IoT-aided SIS. This paper applied the AHP ana-
lytical framework to synthesize decision makers’ tangible 
and intangible measures with respect to numerous competing 
objectives inherent in the information system and proved the 
worth of IoT-aided SIS through the group decision-making 
process. A decision hierarchy structured with criteria and 
alternative management options was extracted from Table 1. 
There were three layers in the decision hierarchy: The first 
layer described the overall system. The criteria and alterna-
tive options were in the second and third layers and identify 
the preferred management option given.  

Eighteen experts agreed to participate in our study: six 
stadium managers, three persons from the Jiangsu Sports 
Information Center, and nine sports information researchers. 
An expert was a person whose skills, knowledge, and exper-
tise were relevant to SIS and who has a minimum of 10 years 
of experience in this research or working field. Following the 
AHP methodology, paired comparisons of the alternatives 
for each attribute and the inter-attribute relative importance 

Table 1. Criteria and their hypothesis. 

Goals Measures Identifications Hypothesis 

1 Inputs  Cost of resources 

 Attributes of resources 

 Amount of resources 

 Facilities are in good maintenance 

 Facilities are functioning 

 Facilities are properly installed 

2 Usage  Amount of use 

 Factors affecting use 

 Services are diversified 

 Services are reasonable placed 

3 Domain  Target population 

 Use and non-use population 

 Information needs 

 Number and attributes of sites 

 The community is encouraged to use the stadium 

 All users are housed in a permanent framework 

 Stadiums can support basic and extra information requirements 

 There is sufficient information to meet various targets 

4 Outcomes  Time saved 

 Improved quality of sport 

 Improved productivity 

 Improved timeliness of sport 

 Value derived 

 Operating expenditures are sufficient 

 Users get pleasure from participating in sporting activities 

 Methods for addressing needs have been identified 

 Sport requests are satisfied in a timely fashion 

 Operating budget is stable and valuable 

5 Outputs  Amount of output 

 Attributes of output 

 Information support improvements to any need 

 Information support sports and health promotion 
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were made and converted to a numerical scale. The software 
“Expert Choice” was then used to determine the normalized 
weights and synthesize the results. Throughout the evalua-
tion procedure, the consistency index (CI) of each decision 
maker's paired comparison matrix was less than the threshold 
value 0.1 to ensure that the choices were consistent in as-
signing paired comparisons [24]. 

4. RESULTS 

By means of literature study and questionnaires, we as-
certained the essential functions of IoT-aided SIS. The 18 
questionnaires from the experts were first incorporated. We 
then established a pairwise comparison matrix, and calcu-
lated the eigenvector, the largest eigenvalue, and the consis-
tence index and ratio. In the end, we used the AHP frame-
work to examine and compare the IoT-aided SIS with con-
ventional SIS.  

In gain to simply calculating results, the IoT-aided SIS 

provided a sort of additional modules, which influenced the 

choice of an alternative. Various criteria assessed these mod-

ules. Without discussing all the details of the two system 

alternatives, one identified tendencies about their target. 

From the sequence of criteria by weight (Table 2), the out-

come has emerged as the most important factor in compari-

son (0.355), followed by input (0.285), usage (0.205), do-

main (0.105) and Output (0.050). The conventional SIS ob-

viously targeted usage within the daily management of the 

stadium, whereas the IoT-aided SIS was more strategically 

and scientifically oriented to future business strategies. 

To analyze the importance of sub-factors of the decision 

factors of IoT-aided SIS, weights of these sub-factors that 

give the relative importance with respect to their parent fac-

tors showed in Table 3.  

Table 2. Analysis of weights and sequence of criteria. 

Criteria Weight Sequence Certified Value 

Input 0.285 2 max = 3.054, CI = 0.0520 

Output 0.050 5 max = 2.000, CI = 0.0000 

Usage 0.205 3 max = 2.000, CI = 0.0000 

Outcome 0.355 1 max = 5.459, CI = 0.0990 

Domain 0.105 4 max = 4.500, CI = 0.0890 

Table 3. Analysis of hierarchy weight, whole weight, and sequence for evaluation index. 

Evaluation index 
Hierarchy 

Weight 

Whole 

Weight 
Sequence 

Amount of resources 0.493 0.141 2 

Cost of resources 0.311 0.089 4 

Attributes 0.196 0.056 8 

Amount of output 0.667 0.033 10 

Attributes of output 0.333 0.017 14 

Amount of use 0.667 0.137 3 

Factors affecting use 0.333 0.068 6 

Time saved 0.113 0.040 9 

Improved quality of sport 0.503 0.178 1 

Improved productivity 0.244 0.087 5 

Improved timeliness of sport 0.072 0.026 11 

Value derived 0.065 0.023 12 

Target population 0.208 0.022 13 

Use and non-use population 0.062 0.007 16 

Information needs 0.627 0.066 7 

Number and attributes of sites 0.103 0.011 15 
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The experts identified many systems from their experi-
ences. They emphasized that the IoT-aided SIS should be 
fast and user-friendly for everyone. Satisfaction was the 
most important factor. “Improved quality of sports” emerges 
as the most significant sub-factor (weight of 0.178) followed 
by “Amount of resources” (weight of 0.141). They also 
thought it very significant to increase the possibility of man-
agement methods through specific customer services. There-
fore, stadiums needed to incorporate efficient technological 
tools for real-time detection of user assessments. Through 
new technologies such as the IoT, the amount of resources 
increased and fulfilled the improvement requirement for user 
communication. Under the headline, the local priorities were 
presented for each criterion and each alternative, respec-
tively. The corresponding weights were shown for each cri-
terion in the same column. Finally, a sequence of alternatives 
was derived (Table 4).  

Table 4. Results of AHP analysis. 

Alternatives Geometric Mean Certified Value 

IoT-aided SIS 0.701 max=5.282 

Conventional SIS 0.299 CI = 0.063 

According to quantity results from experts’ decisions on 
multi-criteria, the IoT-aided SIS with IoT was better than the 
conventional SIS for sports facilities and managers who 
strived to offer high-quality services to their customers. 

5. DISCUSSION 

Based on a comprehensive review, the features of IoT-
aided SIS had been examined and identified. These gave an 
overview structure for sports managers without much 
knowledge of SIS. The AHP methodology was particularly 
useful for decision-making in a multi-criteria context. These 
decision-makers examined the strengths and weaknesses of 
both SIS, and sports managers could better understand the 
evaluation criteria in term of the functions of IoT-aided SIS.  

The first finding was that data mining on ESR could help 
IoT-aided SIS swift from mere delivering of information to 
enabling users to develop lifelong sports spirits. With the 
speedy growth of science and technology, stadiums that in-
volved users must provide mechanisms that allowed evalua-
tion of the social impact and adoption of IoT solutions and 
applications [25]. Then, mass information contents could be 
sensed and provided to users. Information services should 
accurately meet information requirements [26]. This was 
important for stadiums because users require not only gen-
eral and descriptive information, but also detailed and spe-
cialized information [27]. Various sports-related theories and 
styles incorporated into one stadium’s environment to opti-
mize the experience for users [28]. This included automated 
detection of situations when user behavior influenced the 
validity of collecting data, and also the provision of efficient 
multimodal mechanisms for user feedback. For example, in 
the monitoring of physical strength activities, the informa-
tion demand could be even specific to concrete data or spe-
cial data [29]. It was possible for data of ESR making Indi-
vidual experiences along with meaningful group-based inter-

actions, which encouraged users to be more effectively in-
corporated into physical activities [30]. It was meaningful 
that the functions of stadiums should be expanded to the 
fields of sports and health promotion. 

The second finding was that IoT could help IoT-aided 
SIS offering more and better resources and services. The 
IoT-aided SIS involved not only sporting areas, but also non-
sports-related auxiliary areas and elements such as equip-
ment, facility maintenance, food services, emergency re-
sponse, contractor services, employees, and users. The serv-
ices of the conventional were currently not fully suitable for 
the consumer needs; however, accessibility could solve the 
problems of information gap between stadiums and consum-
ers. The most important charactistic of the IoT was the capa-
bility of embracing “things” from the physical world on the 
Internet and facilitating interactions among them. The inter-
face between the physical and digital worlds required the 
capacity for the digital world to sense the physical cosmos 
and to act on it. RFID was an automatic recognition technol-
ogy that identified items and collected information about 
items without human intervention [31]. It operated using 
wireless technology and enabled item identification and data 
transmission without physical touch. Services offered by wire-
less sensor networks could be obtained through cooperation 
between these wireless sensor nodes, and classified into moni-
toring, tracking, alerting, and information “on-demand” [32].  

The third finding was that the key to IoT-aided SIS de-
velopment was typical application that could offer the stan-
dard and the reference for other applications. Further analy-
sis of those lower sub-criteria, “use population”, “number 
and attributes of sites” and “attributes of output”, develop-
ment of an IoT-aided SIS was still unexplored. For lack of 
typical applications as reference and standard, results im-
plied the worries from experts on the invisibility of IoT-
aided SIS in a material environment. They have a vague idea 
of who will more benefit from IoT-aided SIS, what more 
advance functions IoT-aided SIS offers, and how extracted 
knowledge serves users. It was noted that there were some 
relevant strives in recent year. In 2011, Cisco Systems, Inc. 
and Real Madrid Football Club signed an agreement of 
transforming Bernabeu Stadium into an interactive stadium. 
It took full advantage of the variety of wireless networks, 
combined with multimedia screens, cells, iPads and other 
mobile devices. A corresponding information platform was 
also established to provide unique interactive informational 
experiences for the consultation. On March 2012, IBM de-
clared that they would do an intellectualized reconstruction 
of Miami's Sun Life Stadium with the smart city concept. 
Stadium managers wisely operated the stadium. They even 
analyzed the spending habits of a spectator so that they pro-
vided targeted paid service. Consequently, the SIS directly 
affected the efficiency and effectiveness of the management 
of the stadium. Meanwhile, information value chains would 
attract more funds and investments into stadium information 
systems, and would prompt stadium management. Such ap-
plications would inevitably match technical system and 
properly guide information service design. 

CONCLUSION 

In this paper, a systemic approach was proposed to use 
AHP to assess a conceptual IoT-aided SIS. Although it was 
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not exhaustive, the utility of the model was examined 
through observing its effect on the decision-making process 
in Comparing with conventional SIS. As a result, IoT-aided 
SIS an adequate environment that not only fulfilled the needs 
of owners/managers, but also served local community sports 
development. With the rise of strong interests in IoT-aided 
SIS, and IoT-aided SIS was assumed an important role in 
supporting the efficiency, reliability, and sustainability of 
stadiums. IoT-aided SIS would focus not only on digitiza-
tion, intelligence, and versatility, but also its nature, that was 
the people-oriented community spirit. 
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