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Abstract 

This study focuses on the influence of 

technology investment, intelligent 

infrastructure, and technology integration on 

user satisfaction in Harbin's smart sports 

venues. A structural equation model was 

constructed using quantitative research methods 

to explore the mechanism of these factors on 

user satisfaction. A total of 240 questionnaires 

were distributed, and data were analyzed using 

descriptive statistics, reliability analysis, 

confirmatory factor analysis, and structural 

equation modeling. The study aims to: 1) 

investigate the current status of technology 

investment perception, intelligent infrastructure 

experience, and technology integration among 

users of Harbin's smart sports venues; 2) analyze 

the impact paths of various factors on user 

satisfaction; 3) propose strategies to enhance user 

satisfaction. The findings show that technology 

investment and intelligent infrastructure both 

have significant positive impacts on user 

satisfaction. Technology integration directly and 

positively affects user satisfaction and acts as a 

mediator in the relationship between technology 

investment, intelligent infrastructure, and user 

satisfaction. This study provides a theoretical 

basis for the operation and management of 

 Resumo 

Este estudo enfoca a influência do investimento 

em tecnologia, da infraestrutura inteligente e da 

integração tecnológica na satisfação dos 

usuários nas instalações esportivas inteligentes 

de Harbin. Foi construído um modelo de 

equações estruturais utilizando métodos de 

pesquisa quantitativa para explorar o 

mecanismo de ação desses fatores sobre a 

satisfação dos usuários. Foram distribuídos 240 

questionários, e os dados foram analisados por 

meio de estatística descritiva, análise de 

confiabilidade, análise fatorial confirmatória e 

modelagem de equações estruturais. O estudo 

tem como objetivo: 1) investigar a situação atual 

da percepção do investimento em tecnologia, da 

experiência com infraestrutura inteligente e da 

integração tecnológica entre os usuários das 

instalações esportivas inteligentes de Harbin; 2) 

analisar as vias de impacto de vários fatores 

sobre a satisfação do usuário; 3) propor 

estratégias para aumentar a satisfação do 

usuário. Os resultados mostram que tanto o 

investimento em tecnologia quanto a 

infraestrutura inteligente têm impactos positivos 

significativos sobre a satisfação do usuário. A 

integração tecnológica afeta direta e 

positivamente a satisfação dos usuários e atua 
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smart sports venues, suggesting that optimizing 

technology investment direction, strengthening 

intelligent infrastructure construction, and 

improving technology integration efficiency 

can continuously enhance user experience and 

satisfaction. 

 

Keywords: Smart Sports Venues. Technology 

Investment. Intelligent Infrastructure. 

Technology Integration. User Satisfaction. 

como mediadora na relação entre investimento 

em tecnologia, infraestrutura inteligente e 

satisfação dos usuários. Este estudo fornece 

uma base teórica para a operação e gestão de 

instalações esportivas inteligentes, sugerindo 

que otimizar a direção do investimento em 

tecnologia, fortalecer a construção de 

infraestrutura inteligente e melhorar a 

eficiência da integração tecnológica pode 

aprimorar continuamente a experiência e a 

satisfação dos usuários. 

 

Palavras-chave: Instalações Esportivas 

Inteligentes. Investimento em Tecnologia. 

Infraestrutura Inteligente. Integração 

Tecnológica. Satisfação dos Usuários. 

 

 

1 INTRODUCTION 

 

With the rapid development of information technology, smart sports venues have 

become a new trend in the sports industry. Harbin, as an important city for ice and snow 

sports in China, has attracted significant attention for the construction and operation of 

its smart sports venues. However, the specific mechanisms through which technology 

investment, intelligent infrastructure, and technology integration affect user satisfaction 

remain unclear (Fu, 2023). Understanding the impact paths of these factors is of great 

theoretical and practical significance for improving venue service quality and optimizing 

user experience. 

This study takes Harbin's smart sports venues as the research object and 

systematically analyzes the direct and indirect impacts of technology investment, 

intelligent infrastructure, and technology integration on user satisfaction by constructing 

a structural equation model. It aims to provide scientific decision-making basis for venue 

managers and promote the sustainable development of Harbin's smart sports venue 

industry. 
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2 LITERATURE REVIEW 

 

2.1 The concept and development of smart sports venues 

 

Smart sports venues refer to a new type of venue that uses new-generation 

information technologies such as the Internet of Things (IoT), big data, and artificial 

intelligence (AI) to achieve intelligent management and service upgrading of venue 

resources (Yu, 2022). Their core goal is to enhance user experience and optimize 

operational efficiency through technological applications. Existing studies have shown 

that the development of smart venues faces challenges such as insufficient technology 

integration and low user need matching (Stanković et al., 2023). 

 

2.2 Technology investment and user satisfaction 

 

Technology investment refers to resource input in technology procurement, 

development, and maintenance, including intelligent access control, sports data 

monitoring, and other technologies (Basu, 2023). Studies indicate that reasonable 

technology investment can directly improve user satisfaction by enhancing service 

efficiency and optimizing facility functions (Rashid, 2017). For example, upgrading 

online ticketing systems can reduce user queuing time and enhance experience 

convenience. 

 

2.3 The role of intelligent infrastructure 

 

Intelligent infrastructure covers physical and digital components such as high-

speed networks and sensor- embedded devices (Fernandez Molanes, 2018). High-quality 

intelligent infrastructure (e.g., intelligent lighting and environmental control systems) can 

create a comfortable sports environment for users, thereby improving satisfaction (Kim, 

2020). 
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2.4 The mediating effect of technology integration 

 

Technology integration is the process of organically integrating various 

technologies and infrastructure to form a seamless user experience (Yu , 2020). Research 

has shown that the level of technology integration directly affects users' perception of 

venue services and acts as a mediator between technology investment, intelligent 

infrastructure, and user satisfaction (Nguyen, 2023). 

 

3 RESEARCH HYPOTHESES 

 

H1: Technology investment has a significant positive impact on user satisfaction 

in Harbin's smart sports venues. 

H2: Intelligent infrastructure has a significant positive impact on user satisfaction 

in Harbin's smart sports venues. 

H3: Technology investment has a significant positive impact on the level of 

technology integration in Harbin's smart sports venues. 

H4: Intelligent infrastructure has a significant positive impact on the level of 

technology integration in Harbin's smart sports venues. 

H5: Technology integration has a significant positive impact on user satisfaction 

in Harbin's smart sports venues. 

H6: Technology integration plays a mediating role in the relationship between 

technology investment and user satisfaction. 

H7: Technology integration plays a mediating role in the relationship between 

intelligent infrastructure and user satisfaction. 
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Figure 1 

Variable structure diagram 

 
 

4 RESEARCH METHODOLOGY 

 

4.1 Research design 

 

A mixed research method was adopted, combining quantitative questionnaire 

surveys and qualitative focus group interviews. The quantitative research targeted users 

of Harbin's smart sports venues, while the qualitative research invited industry experts 

and user representatives to participate in discussions. 

 

4.2 Sample and data collection 

 

A total of 240 questionnaires were distributed in the quantitative research, and 240 

valid questionnaires were recovered, with an effective recovery rate of 100%. The sample 

covered multiple smart sports venues in Harbin, including ice and snow sports venues 

and comprehensive sports centers. The questionnaire used a 5- point Likert scale (1 = 

"strongly disagree", 5 = "strongly agree") to measure variables such as technology 

investment, intelligent infrastructure, technology integration, and user satisfaction. 
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4.3 Variable measurement 

 

Technology Investment: Including three dimensions: IoT technology, mobile 

applications, and artificial intelligence. 

Intelligent Infrastructure: Covering three dimensions: intelligent navigation, 

intelligent security, and mobile communication. 

Technology Integration: Including three dimensions: response speed, personnel 

professionalism, and process convenience. 

User Satisfaction: Comprising three dimensions: product quality, service quality, 

and user experience. 

 

4.4 Data analysis methods 

 

SPSS 26.0 and AMOS 26.0 were used for data analysis, including the following 

steps: Descriptive statistics and reliability-validity analysis; 

Confirmatory factor analysis (CFA) to test the goodness-of-fit of the measurement 

model; Structural equation modeling (SEM) to test the path relationships between 

variables; 

Bootstrap method to test the mediating effect (5000 repeated samplings). 

 

5 STRUCTURAL EQUATION MODELLING 

 

Based on the correlation analysis between variables and previous assumptions, 

this study constructed the correlation path between structural equation model and 

independent variables. After data fitting by AMOS 26 software, the following results 

were obtained: 
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Figure 2  

Operating results of structural equation model diagram (standardized) 

 

 

The figure shows a structural equation model involving variables such as digital 

engagement, perceived value, experience event and attention behavior. 

The data analysis from Table 1 shows that the x²/df value is 1.312, which is less 

than 3; the RMSEA value is 0.036, below the 0.08 threshold, indicating a good model fit; 

the GFI value is 0.956, the IFI value is 0.984, and the CFI value is 0.983, all meeting 

acceptable standards. All goodness-of-fit indicators meet general standards, indicating a 

good model fit. 

 

Table 1  

Model fitting index 

Indicator X2/df GFI AGFI IFI CFI RMSEA 

Statistic Value 1.312 0.956 0.928 0.984 0.983 0.036 

Reference Value <5 >0.8 >0.8 >0.8 >0.8 <0.08 

Achievement Mees Mees Mees Mees Mees Mees 

Status Standard Standard Standard Standard Standard Standard 

 

As shown in Table 2, Regarding the relationships between variables, technology 

investment and intelligent infrastructure directly influence technology integration, which 

in turn directly impacts user satisfaction. Additionally, technology investment, intelligent 

infrastructure, and technology integration also directly affect user satisfaction. 
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Technology integration acts as a partial mediator, with each path coefficient reflecting 

the degree of mutual influence among the variables. 

 

Table 2  

Path Coefficients Between Variables 

 

 

 

6 MEDIATED EFFECTS TEST 

 

The Bootstrap method can directly test the existence of mediating effects. The 

hypothesis for direct testing is H0: ab=0. If the confidence interval obtained from the test 

results contains 0, it indicates that there is no mediating effect. 

Based on the results of path analysis, the hypothesis test is valid. In order to 

explore whether there is a mediating effect in these significant paths, we ran the Bootstrap 

method on AMOS 26.0, and bias correction method for testing. 
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Table 3  

Mediation Effect 

 

 

As shown in Table 3, The indirect effect of technology integration between 

technology investment and user satisfaction was 0.080 (95% CI: 0.003~0.253), excluding 

0, supporting H6. 

The indirect effect of technology integration between intelligent infrastructure and 

user satisfaction was 0.136 (95% CI: 0.012~0.423), excluding 0, supporting H7. 

 

7 CONCLUSION 

 

This study focuses on the Harbin Intelligent Sports Venue, employing a 

combination of qualitative and quantitative research methods to evaluate the technical 

investment, intelligent infrastructure, technology integration, and user satisfaction of the 

venue. Through qualitative research, we aim to explore how technical investment, 

intelligent infrastructure, and technology integration affect user satisfaction in the Harbin 

Intelligent Sports Venue, laying the groundwork for subsequent quantitative studies. 

The study used quantitative methods for surveys and data collection. Descriptive 

statistics, exploratory and confirmatory factor analysis, and correlation analyses were 

conducted on the data from 240 valid questionnaires. The model indicates that technical 

investment, intelligent infrastructure, and technology integration significantly impact 

user satisfaction in the Harbin Intelligent Sports Venue. Ultimately, the study 

concludes:Technology investment significantly enhances user satisfaction. Intelligent 
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infrastructure has a significant positive impact on user satisfaction. Technology 

integration also positively influences user satisfaction. Technology investment 

significantly promotes technology integration. Intelligent infrastructure similarly has a 

significant positive impact on technology integration. Technology integration acts as a 

mediator between technology investment and user satisfaction. Additionally, technology 

integration serves as a mediator between intelligent infrastructure and user satisfaction. 

 

8 SUGGESTIONS FOR FURTHER RESEARCH 

 

Future research can expand the scope to explore the demand differences among 

different user groups (e.g., professional athletes and ordinary fitness enthusiasts) or 

introduce moderating variables such as user behavior habits to further refine the study of 

influence mechanisms. 
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