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1. Abstract (780 words) 

1.1 Introduction 

The real estate industry, especially retail malls, has seen substantial changes as a result of recent 

technological breakthroughs that have revolutionized many other businesses. In order to 

improve customer experience, streamline operations, and boost consumer engagement, 

shopping centers must now integrate intelligent technologies, as detailed in a number of studies 

(Hou, 2023; Fan, 2020). Mobile apps, digital signs, augmented reality, interior navigation 

systems, mobile payment systems, touchless lift panels, and cleaning robots are some of the 

most notable innovations. These technologies have flourished in the post-pandemic age, greatly 

enhancing the shopping experience and consumers' perceptions of convenience and cleanliness. 

Their acceptance was pushed by the COVID-19 pandemic.  

There is an important gap in the assessment of smart technologies' performance and operational 

impact in shopping centers, despite their quick adoption (Hou, 2023). This study makes the 

case that a better comprehension of the practical use and efficacy of these technologies is 

essential by drawing on innovation diffusion theory (IDT). It emphasizes how crucial it is to 

not just embrace new technologies but also to keep evaluating and upgrading them to make 

sure they continue to satisfy changing customer and corporate needs. 

Examining how smart facilities management (FM) tools’ function and perform in shopping 

malls is the main goal of this study. Three primary goals form the framework of the study:  

1. Sort the smart FM tools into groups according to their purposes and compatibility with 

shopping center operations.  

2. Determine and improve key performance indicators (KPIs) for every smart FM tool category.  

3. To evaluate the relative significance and efficacy of various smart FM tool categories, rank 

these KPIs. 
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The study uses a participatory research approach that includes expert interviews and facilities 

management specialists and focus group discussions (FGDs) with shopping center operators in 

order to accomplish these goals. 

 

1.2 Research Methodology  

Using a systematic and participatory research strategy, this study first conducts expert 

interviews with shopping center operators and facilities management (FM) professionals to 

learn more about the features and effects of smart FM technologies. The technologies are 

systematically categorized into four groups based on these insights: user, safety and hygiene, 

maintenance and sustainability. The study uses focus group discussions (FGDs) with 

professionals to build upon these categorized findings and jointly establish and improve key 

performance indicators (KPIs) for areas. 

The snowball sampling technique was used to find the interview and focus group discussion 

participants. It began with two initial participants who satisfied the interview requirements and 

were discovered via professional FM associations' events and LinkedIn. Following that, these 

"seeds" were invited to recommend other possible interview subjects from their networks who 

met the predetermined requirements. Through this referral network, the sample size was 

gradually increased as new interviewees joined and made referrals. The approach is intended 

to guarantee a useful and applicable assessment framework that is directly influenced by 

industry knowledge, improving the tools' practicality in controlling and optimizing shopping 

center operations and enabling a deeper comprehension of their features. 

 

1.3 Research approach 

Stage 1: Conducting expert interviews with shopping center operators and FM professionals to 

learn more about the features and effects of FM tools  
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Stage 2: Classify FM tools according to the findings of the interviews 

Stage 3: Using smart FM technologies for shopping center operations, key performance 

indicators (KPIs) were suggested.  

Stage 4: To create and improve KPIs for smart FM tools, these professionals participated in 

focus group discussions (FGDs) to rank the KPIs.  

 

1.4 Limitations 

Although there are a number of constraints to take into account, the study on smart FM 

technologies in Hong Kong's commercial complexes offers insightful information. First off, 

the results might not be generalizable outside of Hong Kong's particular context because the 

applicability of suggested KPIs and smart FM tools may be impacted by differences in facility 

types, technological infrastructure, indoor built environments, consumer behaviour, and 

regulatory environments in other areas. The fact that smart FM technologies are developing 

quickly is another drawback. Because the study relied on focus groups and expert interviews, 

its conclusions might not hold up as new technologies are developed. By adding quantitative 

techniques or case studies to qualitative methods, a more thorough understanding could be 

attained. Resolving these issues would strengthen the study's validity and increase its 

applicability to a wider range of stakeholders and situations. Furthermore, because it mostly 

concentrates on certain geographical examples and statistics, this study has a limited scope 

when it comes to speaking to an international audience. Comparative case studies, statistical 

analysis, and examples from various technical, cultural, and regulatory contexts around the 

world could all help the research become more globally relevant. 

 

Keywords: Facilities management, Shopping centers, Focus group discussions, Key 

performance indicators, Tools 
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2. Literature Review (4217 words) 

2.1 The attributes of smart FM 

The public sectors, property owners, FM business owners, users and contractors are among the 

many stakeholders involved in smart FM. Users are both facility users and private residents 

who take pleasure in and contribute to a city's intelligence. In order to encourage companies or 

entrepreneurs to use smart technology in a variety of operations, the government of a city 

implements pertinent regulations or laws using legislative tools. For smart technologies like 

WiFi hotspots to be used, the government must build the infrastructure, particularly the digital 

infrastructure. Smart technology adoption decisions are made by business and real estate 

owners. They decide which FM service clusters to integrate with the smart technologies, which 

smart technology types to use, and what management goals to eventually achieve. Following 

the decision-making stage, the service delivery process involves a variety of contractors and 

FM specialists. 

FM contractors and smart FM technology providers are the two categories of contractors that 

deal with smart technologies. The former offers smart technology, systems, and gadgets like 

smart security systems, smart cleaners, and so on. They are also referred to as providers of 

smart solutions. Professional FM contractors who provide professional FM comprise the latter. 

Both in-house FM teams and FM contractors have aggressively worked to integrate smart 

technology into their service delivery processes in recent years in an effort to better serve their 

clients' demands and boost operational effectiveness.  

In addition to being smart technology consumers, citizens, governments, and owners are the 

ones that create applications for smart technologies. On the left are three measures of how 

widely smart technology is being used in the FM sector. The degree of smart technology 

implementation at the industry level increases with the number of smart technology categories. 

The degree of smart technology application increases with management functions and the 
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number of FM services are integrated with smart FM technologies. In order to connect the 

cities, built environment and persons, smart FM is essential. Smart FM includes a wider range 

of tasks linked to development and urban sustainability, even though FM is more frequently 

linked to management tasks in the built environment (Bujari, 2021). The process of integrating 

smart technology in FM is shown by the three boxes on the left. A number of smart technologies 

have been employed to assist different FM services. One of the most popular smart 

technologies is sensor technology, which has been utilized to support a range of FM services, 

including fire safety detection, lighting control, air quality control, and predictive maintenance. 

In addition to helping to save energy usage and enhance occupancy well-being, FM services 

are installed to satisfy users’ requests. 

 

2.2 Analyzing of the adoption of new technologies in the retail industry 

Everett Rogers (2014) developed the innovation diffusion theory (IDT), which has shown itself 

adaptable in a number of research settings (Rogers, 2019). The notion can be applied across 

fields to comprehend how innovations are adopted and spread. It provides insight into how new 

technologies like social media and smartphones are accepted in the field of information 

technology (Kim & Ammeter, 2014). It is used by healthcare researchers to investigate the 

uptake of novel practices and medical innovations (Scarbrough and Kyratsis, 2022). The theory 

is used by academics studying business and management to analyze how organizational 

innovations are adopted, and it directs research on the spread of green practices in 

environmental sustainability (Karakaya, 2014). The paradigm is also useful for studying policy 

adoption, media innovations, and social interventions in the fields of communication, media 

studies and public policy (Madan and Ashok, 2023). The IDT offers a thorough grasp of how 

innovations proliferate throughout these several domains, covering the innovation-decision 

process, communication channels, and the influence of opinion leaders on adoption trends. The 
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smart technologies are prevalent in the retail industry have frequently been examined using 

IDT (Adapa, 2020). Digital transformation is driving a significant upheaval in the retail 

industry, changing conventional shopping paradigms and forcing shopping centers to 

reevaluate their business strategies (Fan, 2020). Embracing digital transformation is imperative 

for shopping center operators as customers seek more seamless and technologically enhanced 

shopping experiences (Priporas, 2017). From the perspective of innovation diffusion theory, 

changing customer expectations are a major force behind the digital transformation of shopping 

centers. 

According to an IDT viewpoint, shopping malls may become smarter, more connected spaces 

by integrating IoT, AI, and data analytics. The five steps of IDT—knowledge, persuasion, 

choice, application and confirmation—guide the methodical process of smart technology 

diffusion in shopping centers (Yang and Bayapu, 2020; Konanahalli, 2022). Shopping center 

management first learns about and comprehends new smart technologies (Knowledge), 

weighing their advantages and possible disadvantages based on peer experiences and expert 

opinions (Persuasion). After that, they strategically decide whether or not to use the technology 

(Decision). When it is decided to move forward, the technology is integrated and installed, and 

employees are educated to use it as best they can be (Application). 

Lastly, feedback influences whether the technology is expanded, modified, or stopped. The 

efficacy of the technology is regularly tracked against pre-established KPIs (Confirmation). 

Shopping malls may successfully integrate smart technologies thanks to this methodical 

approach, which also helps them align with operational objectives and improve consumer 

satisfaction and overall efficiency. Three specific study questions are put forth in order to 

examine the effects of digital technology on retail centers in accordance with the IDT 

principles: 
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To begin with, how are smart facilities management (FM) products grouped according to their 

features and in line with shopping center operations goals? Through the identification and 

classification of technologies based on their major purposes and strategic fit, this investigates 

the "Knowledge" and "Decision" stages. Sorting smart FM tools according to their purpose and 

user makes sure that each one properly matches the operational requirements of a shopping 

center, which improves decision-making in the phases of adoption. 

Second, how do the key performance indicators (KPIs) for each type of smart FM instrument 

represent the technologies' operational impact? This question, which focuses on measuring and 

validating the effectiveness of technology after deployment, relates to the " Application" and 

"Confirmation" phases. By comparing these tools to established KPIs, it is possible to 

continuously evaluate and modify them to make sure they fulfill performance standards and 

favorably impact corporate goals. 

Last but not least, considering the prioritization in the "Decision" and "Confirmation" stages 

and revealing management's top priorities for enhancing customer satisfaction and operational 

efficiency, how are the KPIs for different smart FM tool categories ranked in respect to their 

importance to shopping centers' strategic goals? Together, these inquiries offer a thorough 

framework for comprehending the uptake, application, and assessment of smart technology in 

retail malls. FM experts' rankings of the KPIs have a direct impact on strategic choices 

regarding technology development and prioritization, ensuring that innovations are in line with 

real operational requirements and user input. 
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2.3 Smart FM tools based on services 

In contrast to the current trend of research focusing on system-level, building-level, and 

component-level FM operational assessments, this study specifically targets the area of smart 

FM tools within shopping centers. In the past, building operations have mostly benefited from 

FM tools, which provide services to increase system and component efficiency. They could 

prioritize improving system performance, maintenance effectiveness, or building operations 

over users’ experience or happiness. However, the focus switches to service-based smart FM 

technologies that are specifically made to meet the needs of building users and companies in 

the context of shopping centers. For example, shopping centers are repurposing technology like 

Augmented Reality (AR) and Virtual Reality (VR), which are usually used to simulate 

maintenance scenarios and assist decision-making, to improve the overall shopping experience 

for customers. In order to engage and delight customers, these technologies give priority to 

features like real-time navigation, personalized recommendations, and interactive aspects. 

Similar to this, smart parking systems—which are essential to contemporary smart buildings—

are assessed based on user happiness and their effect on company profits, deviating from the 

traditional emphasis on building operating efficiency (Al-Turjman and Malekloo, 2019). Smart 

parking places a strong emphasis on maximizing parking efficiency to improve customer 

satisfaction and the overall shopping experience, both of which have a direct impact on the 

financial performance of the shopping center. This unique viewpoint emphasizes how 

important it is to modify FM solutions to meet the particular needs and goals of shopping center 

settings, where user experience and business results are crucial factors in determining the 

efficacy of the tools. User-centricity, influence on business objectives, safety and hygiene 

prioritizing, integration with customer interaction, and consideration of long-term economic 

benefit are characteristics of service-based smart FM technologies for shopping centers. In 
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terms of improving the general shopping center experience, these differences draw attention to 

how specialized certain technologies are. 

 

2.4 Application of smart technology in the FM 

The potential, present state, and future uses of intelligent technology in the FM sector were all 

covered in the literature that was already available on smart FM. These technologies include 

IoT, BIM, cloud technologies, 3D technologies, cloud computing, robotics, sensors, and 

machine learning. The intelligent technologies fall into three categories: data collecting, 

integrative computer analysis, and construction technology tools. The digitalization trend 

began with the widespread adoption of BIM in the building sector (M. Oraee, 2022). Building 

experts may now regulate physical buildings using digital data thanks to the development of 

cyber-physical systems (K. Xing, 2020). Intelligent technologies including cloud computing, 

IoT, AI, and VR/AR greatly aid BIM-FM integration (S. Chung, 2021). These technologies 

have made it easier to control construction projects' budget, schedule, and quality (H. Zhu, 

2022). The FM stage has been greatly impacted by BIM in recent years, and BIM-FM has been 

applied in management domains, including maintenance, emergency situations, places, energy, 

and human resources training (Yin, X.,2020).  

 

2.5 Using key performance indicators (KPI) as a tool for performance assessment 

The thorough analysis of Key Performance Indicator (KPI) research in facilities management 

demonstrates how widely used KPIs are as a performance assessment tool in a variety of facility 

scenarios. The studies under review cover a wide range of facility types, such as general 

buildings, hospitals, clinics, supply chains, office buildings, hotels, and campuses. 
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Depending on the facility environment, the literature indicates a preponderance of attention to 

particular aspects. For example, KPI studies focus on FM practice performance in campus 

settings, with a particular interest in evaluations at the project and building levels. In campus 

settings, maintenance and retrofitting techniques are also given consideration. The tendency is 

still present in healthcare facilities, such as clinics and hospitals, where sustainability 

performance is prioritized, in line with the vital role that environmentally friendly procedures 

play in healthcare environments. Notably, KPIs in hospitals sometimes encompass a variety of 

topics, such as service-level performance, sustainability, system-level efficiency, and FM 

practice. 

According to the general trend in the literature, the selection of particular KPI elements is in 

line with the particular requirements and objectives of every facility context. The approach is 

widely used in purpose-built facilities, like hospitals and campuses, where customized 

assessments support efficient facilities management procedures. This sophisticated view of the 

use of KPIs in different kinds of facilities highlights how flexible and useful they are as a tool 

for assessing and improving facilities management. 

There is a noticeable lack of research on KPIs for smart FM tools of shopping centers, despite 

the fact that the body of existing literature thoroughly examines KPI applications across a 

variety of facility contexts including supply chains, campuses, hotels, healthcare facilities and 

buildings. This gap in the literature points to the urgent need for specialized study to modify 

performance evaluation criteria to fit the particular dynamics and needs of shopping center 

settings. In addition to adding to the body of knowledge on facilities management, knowing 

and defining KPIs for smart FM tools of shopping centers would help professionals in the field 

who want to strategically integrate smart FM tools to improve the overall performance, 

sustainability, and operational efficiency of shopping centers. The lack of these studies 
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suggests a chance for further research to focus on this particular and important topic within the 

larger body of literature on facilities management. 

 

2.6 Intelligent technologies used to control various kinds of properties 

Many studies have examined how digital technologies improve built environment management 

practices in certain property types, such as smart hospitals, smart hotels, and smart campuses, 

but there is a dearth of study on their application at the industrial level. Hospitals, hotels, and 

campuses may adopt and completely incorporate smart technologies into their operations 

because their primary sectors are service-oriented. Smart technology addresses the 

organization or business, the needs of space and service users, and the sustainability of the 

economy, society, and environment. They provide a useful framework for researching smart 

FM in various types of properties, notwithstanding the dearth of research in these areas. Despite 

the paucity of research in these fields, they offer a helpful framework for studying smart FM 

in different properties. Previous research on smart hotels looks at the industry-level connections 

and integration of smartness. Some scholars look at the ways that different kinds of smart 

technology have been developed and incorporated into different hotel operations (D. Buhalis, 

2018). Many research on the deployment of smart technology in hotels look on how well-

received these technologies are by hotel guests. In order to create a smart campus, smart 

campus research also focuses on creating systems combine digital technology with campus 

ecology. The smart systems at the campus level are the main focus of studies. Various smart 

campus initiatives have been presented by researchers, depending on the location and 

requirements of the university. The administration is better able to organize space management 

activities and estimate space requirements (B. Valks, 2019). Workflows in a smart hospital are 

made "No paper" by utilizing smart technologies (H. Kwon, 2022). Furthermore, certain 
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features of other digital systems, like electronic health record sharing systems and electronic 

medical record systems, are used to increase operational efficiency (K.H. Abdulkareem, 2021). 

 

2.7 Elements influencing the industry-level implementation of smart technologies 

Numerous frameworks have been created to pinpoint the elements that raise or contribute to a 

city's or company's level of intelligence. City-level researchers focus on the obstacles or 

elements that support the development of smart cities from a wide angle. In order to determine 

the elements that contribute to the success of the smart city initiative, for instance (Joshi, 2016), 

created a framework of legal, social, economic, management, technology, and sustainable 

development (Sokolov, 2019).  

Nine factors—demographics, economy, transportation and infrastructure, society, planning, 

sustainability and resources, land use and affordable housing, information availability, and 

technology planning, availability, and acceptance—have been compiled to influence global 

smart cities. Four categories of barriers to smart cities have been identified by Ismagilova 

(2022): technological, sustainability, operational and transitional, and confidence concerns. 

Numerous factors, such as financial resources, laws and regulations, education and training, 

data sharing systems and standards, user acceptance, and stakeholders' knowledge and 

perception, have been clarified by researchers as having an impact on the use of smart 

technologies at the industry level (E.S.W. Chan, 2020; S. Mittal, 2019).  

Research on the integration of new technologies into industry practice was based on an analysis 

of the factors influencing the design, engineering, and construction sectors' production of green 

buildings (Karakaya, E., 2014). The most often cited barriers to the development of green 

buildings were ignorance, expense, incentives, interest and demand, and green building 

standards and laws. The high cost of green building technologies, the absence of government 
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incentives, and the lack of a finance strategy are the three primary obstacles to Ghana's adoption 

of these technologies, per an empirically validated study (A. Darko, 2017). From the standpoint 

of urban planning, incentives, thriving real estate markets, required laws, and robust municipal 

fiscal resources all support the construction of green buildings, claims Y. Song (2021). 

Numerous studies have also examined the variables affecting the use of smart technology in 

construction project management. Smart technology adoption in Singapore's construction 

sector is being hampered by issues with data ownership, legal compliance, and data and 

information interchange.  

In the FM sector, BIM is regarded as one of the smart technologies that makes post-occupancy 

building condition monitoring easier. Much emphasis has been paid to its use in FM. Several 

research have determined the obstacles or variables influencing the use of BIM. Technical and 

non-technical barriers are the two categories of barriers that impede the application of BIM. It 

is often known that one of the most significant technical elements influencing the BIM 

application is " exchange information and data integration" (X. Xu, 2020).  

There are three categories of non-technical elements: legal and organizational issues, financial 

assistance and costs, competency education and training, management collaboration, and user 

adaptation preferences. This study's evaluation of the variables influencing the adoption of 

smart technologies in the FM industry has been greatly influenced by research on the use of 

BIM in facilities management. 
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2.8 The intelligent use of building information modeling to assist with building life-cycle 

management 

Building design, construction, and operation have all made extensive use of BIM (Dixit 

Manish, 2019). The industry of architectural, construction, engineering and facilities 

management has begun to digitize with the use of BIM technologies (Fan, X, 2020). BIM has 

initiated the transition from the real to the virtual world by facilitating the creation of virtual 

models of real-world structures. The usage of BIM in the construction industry has spurred the 

digital transformation of building information. It has been combined with other technologies 

to improve the digital representation and the accuracy of calculation. 

Even though BIM is a cutting-edge technology that digitizes building information starting with 

the design stage in the life cycle of buildings, it still needs to integrate all technologies to 

increase the precision of the computerization and digital representation of the building. 

Construction process simulation (Habibi, 2017), energy performance evaluation, thermal 

environment assessment, and other simulations like lighting and acoustics have all benefited 

from the use of BIM models during the construction stage. 

Thanks to the development of cyber-physical systems, building professionals can now use 

digital data collected from the real environment to exert control over physical buildings (Xing, 

2020). IoT, machine learning technologies, laser scanning and robotics are currently used in 

the CPS and BIM ecosystem to provide digital data to support managerial tasks. The help of 

these smart technologies in managing budgets, timelines, and quality has been extremely 

beneficial for construction projects (Zhu, 2022). In recent years, BIM has had a significant 

impact on the FM stage, and BIM-FM has been used in several management domains (Pavon, 

2021). Other digital innovations, such as cloud computing, virtual reality /augmented reality, 

artificial intelligence, and the internet of things, also greatly improve BIM–FM integration. 
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IoT sensors enable real-time building data that supports energy management (Francisco, 2018), 

interior environmental monitoring, indoor comfort temperature adjustment (Ioannou, 2018), 

space management, hazard monitoring, and community tracking (Shipman and Gillott, 2019). 

 

2.9 The potential of digital twins for performance management in buildings 

The subject of building performance management has shown a great deal of interest in digital 

twin technology (Hou, 2023). It comprises creating a digital model or representation of a real 

building by combining information to model its performance, behavior, and interactions with 

the environment. Building performance management has been thought to stand to gain a great 

deal from it. 

First of all, digital siblings make it easier to monitor building systems and components in real 

time. By gathering sensor data from the actual building and entering it into the digital twin, FM 

managers can keep an eye on equipment performance, indoor environmental conditions, energy 

consumption, and other crucial factors. Proactive maintenance and optimization are made 

possible by the real-time data's ability to detect inefficiencies, flaws, and performance 

variations. 

Digital twins can foretell future building performance using predictive analytics algorithms 

based on real-time and historical data. This makes it possible for FM managers to foresee 

issues, maximize energy use, and decide on maintenance, improvements, and operation plans 

with knowledge. Additionally, FM managers can use digital twins to model different situations 

and assess how different approaches affect the performance of buildings. For example, they 

can assess the impact of changing occupancy patterns, installing energy-efficient technologies, 

and modifying the settings of heating, ventilation, and air conditioning. This makes it possible 
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for decision makers to determine and put into practice the best plans for enhancing 

sustainability, occupant comfort, and energy efficiency. 

Digital twins typically assist with every stage of a building's lifecycle, from planning and 

construction to upkeep and operation. Throughout a building's lifecycle, they can facilitate 

remote monitoring and control, test building performance versus design intent, promote 

predictive maintenance, and help optimize designs. 

 

2.10 Integration of IoT in facilities management  

The smart systems of heating, ventilation, and air conditioning play an important role in energy 

management by significantly reducing consumption of energy. The systems leverage advanced 

technologies to adjust temperatures based on occupancies’ needs to ensure energy is  used when 

and where it is needed. By optimizing heating, ventilation, and air conditioning operations in 

this way, smart HVAC systems can achieve energy savings of 20–30%, making them an 

effective solution for improvement of energy efficiency and lowering operational costs in both 

residential and commercial properties. (Onomondo, n.d.)  

Predictive maintenance technologies, such as vibration sensors in elevators and water leak 

detectors in pipes, enable pre-emptive identification and resolution of potential issues before 

they escalate into problems. By monitoring equipment and infrastructure, these IoT-enabled 

sensors provide real-time data that allows for timely interventions, reducing the likelihood of 

costly breakdowns. This proactive approach to maintenance can lower overall maintenance 

costs by up to 40%, enhancing operational efficiency and extending the lifespan of critical 

systems. (IEEE, 2024)  
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Security enhancement in residential complexes has been significantly improved through the 

adoption of higher technologies such as smart locks and facial recognizing systems. These IoT-

enabled solutions help prevent unauthorized access by verifying identities and granting entry 

only to authorized individuals. By integrating these systems into property management, 

incidents of unauthorized access can be reduced by up to 65%, ensuring greater safety and 

peace of mind for residents while streamlining security operations. (Butterflymx, 2024)  

IoT-enabled applications greatly enhance the tenant experience by providing convenient and 

efficient ways to interact with their living environment. These apps allow tenants to control 

lighting, adjust settings to their preferences, and create a more comfortable atmosphere with 

just a few taps. Additionally, they enable tenants to submit maintenance requests seamlessly 

and track their progress, ensuring timely resolutions. Real-time monitoring of utility usage 

further empowers tenants to manage their energy consumption effectively, promoting 

sustainability and cost savings. Together, these features create a more connected and satisfying 

living experience for tenants. (IEEE, 2023)  

IoT devices lack strong encryption and security protections, making them easy targets for data 

breaches. As a result, cybersecurity vulnerabilities in IoT implementations continue to be a 

major worry. This issue is particularly pronounced in smart buildings, where interconnected 

devices handle sensitive data and critical operations. A 2024 study revealed that 58% of smart 

buildings had unpatched IoT vulnerabilities, highlighting the urgent need for stronger security 

protocols and updates against potential cyber threats and ensure the integrity of IoT systems. 

(IEEE, 2023)  

Interoperability issues pose a significant challenge in IoT implementations, as proprietary IoT 

protocols often hinder seamless integration with legacy systems. These compatibility barriers 

make it difficult to aggregate data from multiple devices and platforms, limiting the efficiency 
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and effectiveness of IoT ecosystems. Addressing these issues requires the adoption of 

standardized protocols and frameworks to ensure that IoT devices can communicate and 

operate cohesively within existing infrastructures, enabling streamlined data sharing and 

improved system performance. (IEEE, 2020)  

High implementation costs remain a major barrier to IoT adoption for small and medium-sized 

enterprises (SMEs). Many SMEs report return on investment (ROI) timelines of 3–5 years, 

which can deter them from making the initial investment in IoT technologies. The significant 

upfront costs, combined with the uncertainty of long-term benefits, often make it challenging 

for smaller businesses to justify the expenditure, highlighting the need for cost-effective 

solutions and financial incentives to encourage wider adoption. (lEEE, 2020) 

 

2.11 Smart FM for shopping malls in Hong Kong 

The impact of cutting-edge technology on mall property and facility management (Wong 2022) 

examines how Hong Kong shopping malls are integrating technologies like IoT, 5G, robotics, 

AI, and AR. A Mongkok-specific case is included (MOKO Buddy robot at MOKO mall), 

aligning with this study through youth-centric strategies like sports-themed zones and AR try-

on stations. Key findings reveal that operational benefits—such as AI-driven energy savings 

of 8%, manpower reductions of 0.5–1 staff via cleaning robots, and real-time analytics from 

smart toilets are identified, alongside challenges like technology immaturity, high costs, and 

reliance on human intervention, which are relevant to this study question on overcoming 

economic and urban constraints. Strengths include a mixed-methods approach, which provides 

a solid foundation for understanding technology’s role in Mongkok malls, and local relevance 

is established as a benchmark for this study.  This paper’s review of some technologies as 

“gimmicks” supports this study goal of meaningful innovation, and the use of AR for staff 
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training inspires potential customer-facing applications like interactive youth zones. While 

operational efficiencies could be leveraged to bolster this study hybrid leasing models, 

additional sources on youth engagement and experiential retail will be needed to fully align the 

paper’s insights with this study objectives.  
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