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Abstract

:

With the rapid growth of the sharing economy, access-based services have emerged as an alternative and/or complementary to traditional ownership-based services. The access-based services are enabled by means of Smart Product-Service Systems (SPSSs) that integrate smart products and e-services into a single solution. However, there is a lack of studies that cover the acceptance factors for both smart products and e-services of SPSSs. Therefore, it is important to have a study to explore the factors that influence the acceptance of SPSSs. This study develops a conceptual framework which consists of the perceived interactivity of mobile apps and the particularity of the smart shared products as antecedents apart from perceived usefulness and perceived ease of use, as suggested by the Technology Acceptance Model. To test the research framework empirically, a self-reported online survey was conducted among bike sharing program users in China. A total of 520 valid responses were collected, and the partial least-square structural equation modeling (PLS-SEM) technique was used to examine the research model. The empirical results suggest that the perceived interactivity of mobile apps and the particularity of smart shared products are two significant sets of antecedents that influence consumers’ perceived ease of use and perceived usefulness, and the perceived ease of use and perceived usefulness are preconditions for the acceptance of SPSSs. The findings generate practical suggestions for SPSSs providers to increase the network size of users, improve the interactivity of mobile apps, and manage the distributions of service points.
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1. Introduction


With the rapid growth of the sharing economy, access-based services have emerged as an alternative and/or complementary to traditional ownership-based services [1,2,3]. Access-based services allow customers to access a good, physical facility, network, labour, or space for a defined amount of time, in return for an access payment, while the legal ownership remains with the proprietors, who are often the service providers [4,5]. In that case, access-based services can reduce users’ budget constraints while also improving their livelihood [2]. The access-based services are enabled by means of Smart Product-Service Systems (SPSSs) that integrate smart products and e-services into single solutions [6,7,8]. Smart products make use of information and communication technology (ICT) to collect, process, and produce information, while e-services are web portals or apps which facilitate the communication between service providers and consumers [7]. For example, bike sharing systems are SPSSs that include mobile apps (as e-services) and smart bicycles (as smart shared products) integrating with sensors and the global positioning system (GPS). For success in launching an access-based service, the design of an SPSS is critical – including the design of smart products and the design of e-services. Users will only accept an SPSS if they accept both the smart product and the related e-service.



SPSSs are extended from Product-Service Systems (PSSs) that combine products and services as single solutions to consumers [7]. In some studies discussing the acceptance of PSSs [9,10,11], researchers used the Technology Acceptance Model (TAM) for obtaining an index of whether a solution would be accepted or not. TAM consists of two motivational determinants - Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) [12], which serve as surrogate constructs for extrinsic motivation. However, consumers access smart shared products through e-services. Therefore, the e-service interaction between the service provider and the customer is considered as the first set of antecedents (referred to as ‘perceived interactivity’) of TAM [13] that contains three elements: perceived communication, perceived control, and perceived responsiveness [14]. On the other hand, the particular characteristics of smart shared products for supporting access-based services is considered as the second set of antecedents (referred to as ‘perceived particularity’) of TAM that consists of three specific characteristics: network externalities [15,16], perceived substitutability [17,18], and perceived ubiquity [16,17,19]. Such that, for studying the acceptance of SPSSs, this study integrates related antecedents with the motivational constructs of the TAM to form a research model.



The objective of this study is to examine the impact of the factors on the behavioural intention to use SPSSs in sharing economy. In this study, the relationships between two sets of antecedents and two technology acceptance constructs will be investigated. The literature reveals that researchers in PSSs have mainly studied service-related factors for adopting PSSs [6,20]. Some researchers have explored the key determinants of smart products [21,22] and some have identified the drivers of e-service acceptance from mobile apps [23,24]. There is a lack of studies that cover both smart-product-related and e-service-related factors that influence the acceptance of SPSSs. This study is a pioneer that contributes a comprehensive research model that can fully explain the essential requirements for both smart products and e-services of SPSSs. This study also provides a contribution to examine how perceived particularity and perceived interactivity influence usefulness and ease of use in the context of SPSSs. The study is organized as follows: the next section provides a brief literature review of the SPSSs in sharing economy, TAM, the interactivity of mobile apps, and the particularity of smart shared products. The literature review provides the rationale for modelling SPSSs acceptance based on TAM. Next, the third section presents the proposed conceptual model with the hypotheses to be tested. Following that, the sections of methodology, data analysis, and results are provided. Discussions and conclusions for the impacts on access-based services and sharing economy follow this, along with the study limitations and future work.




2. Literature Review


2.1. Smart Product-Service Systems


PSSs can be defined as business models providing an integrated mix of tangible products and intangible services that are able to fulfill final customer needs [25,26]. As innovative business approaches, PSSs have changed traditional business from solely sales to physical products to sales of a mix of products and services that jointly fulfill specific consumers’ needs [7]. There are three types of PSSs: result-oriented, product-oriented, and use-oriented PSSs [25,27,28]. In result-oriented PSSs, companies sell results or competencies rather than tangible products [28]. For example, a photocopy service is a type of result-oriented PSSs. In product-oriented PSSs, a tangible product is sold, its ownership is transferred, and additional services are then offered to guarantee the correct functionality and durability of the product [27]. For example, the purchase of a mobile phone may cover a warranty that guarantees its maintenance for a period. The use-oriented PSSs are generally acknowledged in the access-based service or sharing economy research field [6,25]. In use-oriented PSSs, the service providers sell the accessibility and use of specific products, keep the ownership, and are responsible for the maintenance and performance of products. For example, a car rental service is a use-oriented PSS. Recently, Gao et al. [29] used a customer demand approach to classify PSSs as product-oriented PSSs, application-oriented PSSs, and utility-oriented PSSs. In application-oriented PSSs, customers purchase use of the product over a given period or units of service (e.g., leasing a washing machine) for obtaining a financial advantage. In utility-oriented PSSs, customers purchase utility as an outcome (e.g., washing service) and not the use of a ‘product’.



Previous studies of PSSs have mainly aimed to address service-related issues. For example, Lee et al. [20] proposed the design of an e-service system of an electric car sharing service using mobile technology. Piscicelli et al. [6] studied the role of values in collaborative consumption in a UK-based online marketplace and found that lending and borrowing through this PSS may only be appealing to a (still) limited number of consumers sharing a certain, distinct, value orientation. Among existing studies, Fargnoli et al. [30] focused on Quality Function Deployment (QFD) to verify the service modularization for PSSs (including both product and service components) in the biomedical sector. The development of ICT is bringing use-oriented PSSs to a new level. SPSSs are ’smart’ because SPSSs guide the creation of e-services around the smart products. Therefore, the issues related to adopting SPSSs are both smart-product-related and e-service-related.



On the other hand, one of the most important characteristics of use-oriented PSSs is sustainability [31]. For example, the use of a public bicycle system provides sustainable benefits in reducing air pollution emissions (environmental sustainability), improving human health status (social sustainability), and obtaining monetary benefits for each stakeholder (economic sustainability) [32]. Since SPSS is an emerging type of use-oriented PSSs, SPSSs should also provide benefits for sustainability.




2.2. Technology Acceptance Model


Contemporary information systems (IS) literature has long been studying ‘how’ and ‘why’ individuals adopt new information technologies [33]. Several information system theoretical models have been generated in relevant disciplines, such as sociology, psychology, and economics. In all these models, Davis et al.’s TAM [12] is the most frequently used theoretical framework to address the issue of how users adopt new information technologies [34]. TAM was extended from Fishbein and Ajzen’s Theory of Reasoned Action (TRA) [35], which is a widely studied model from social psychology. According to TRA, human behavioral intention is influenced by attitudes, and attitudes are influenced by beliefs. Davis et al. applied these concepts in technology acceptance research. They used the TAM model to explain the influences of PU/PEOU on users’ intentions and actual system usage [36]. According to Davis, Bagozzi and Warshaw [36], PU is defined as “the prospective user’s subjective probability that using a specific application system will increase his or her job performance”, while PEOU is defined as “the degree to which the prospective user expects the target system to be free of effort” (p.985). TAM has been applied to IS and the related technological contexts with robustness through several tests and replications, such as wireless internet [37], mobile shopping [38], e-learning [39], and e-travel [40]. In the majority of past technology acceptance studies, PU and PEOU were reviewed as the two key determinants that influence users’ intentions to adopt new technologies [33,41,42,43]. While the TAM was introduced in 1986, until now, it has been widely applied and is still useful in predicting user behavior related to IS/ICT adoption. For example, in recent years (2017-2018), Liébana-Cabanillas et al. [44] and Choi [45] have used TAM as a theoretical lens to predict user behavior in mobile commerce. In this study, the TAM is used because it can provide a useful theoretical framework to predict user behavior in SPSSs.



In summary, TAM has been applied to different situations. However, to the best of our knowledge, there is no study that focuses on the acceptance of new technologies for access-based consumption via SPSSs in the sharing economy. The current study aims to fill this gap in the literature. Similar to some of the TAM research, this study omits attitude from TAM and tests the direct effects of PU and PEOU on intention to use SPSSs because attitude has a weak influence on intention due to the strong effects of PU and PEOU [46]. Since the antecedents of two motivational determinants of TAM in the sharing economy context should be different from the antecedents identified in previous studies in other contexts, this study also attempts to find out those antecedents.




2.3. The Perceived Interactivity of Mobile Apps


Since SPSSs are based on mobile apps, identifying consumers’ attitudes toward mobile apps is essential for understanding users’ acceptance of SPSSs. Among the many important features associated with the mobile apps, the interactivity is a unique one [14]. Perceived interactivity is users’ psychological sense of a system’s efficacy [47] and it includes three dimensions: control (internally based efficacy), responsiveness (external system efficacy), and communication [14,48,49].



Control is an internal system-based efficacy and can be translated into system users’ perceived control over where the systems are and where they are going [50]. When a consumer uses a mobile app, he/she will perceive more control of the mobile app if he/she knows where the e-services are and how to do the tasks (e.g., search for information, place the order). Therefore, perceived control as self-efficacy is an important factor under the perceived interactivity of mobile apps.



In contrast, responsiveness is an external system-based efficacy and can be rendered into users’ sense of how responsive an app or a website as a system is to their actions [50]. According to Steuer’s telepresence theory [51], users will perceive more responsiveness in a medium when that medium manages their requests/inputs quickly. When a consumer uses a mobile app, he/she expects to get instantaneous information and receive a fast response from the e-service of SPSS. Therefore, responsiveness as system-efficacy is an important factor under perceived interactivity of mobile apps.



Communication is the extent to which users believe that the system or medium facilitates two-way communication [14]. Rafaeli’s interactivity theory [52] posits that the quality of the communication is the most important determinant of interactivity. Two-way communication facilitates reciprocal relationships and subsequently affects interactivity perceptions [53,54]. Therefore, concurrent two-way communication provides a strong interactive power for mobile apps and should be an important factor under perceived interactivity of mobile apps.



In this study, since the above three elements are essential features of a mobile app for consumers to obtain e-services, these three dimensions of the “perceived interactivity” of mobile apps are proposed as a set of antecedents of the motivational determinants of the TAM in studying the acceptance of SPSSs in sharing economy.




2.4. The Particularity of Smart Shared Products


Compared with products offered by traditional businesses, SPSSs provide consumers with smart shared products with special characteristics. Although the major functionalities are similar to general products, smart shared products have certain special characteristics that support the availability of the access-based services. In this study, those special characteristics for access-based services are classified as the “particularities” of smart shared products. The literature reveals that there are three special characteristics of smart shared products: Perceived substitutability, perceived ubiquity, and network externalities.



Prior studies have suggested that shared products are preferred because they provide more benefits at a lower cost [17]. Lamberton and Rose [17] found that “perceived substitutability” is an important benefit that influences consumers’ acceptance of shared products. Hennig-Thurau, Henning and Sattler [18] argued that if shared products and consumers’ own products are substitutes, they are more likely to opt for shared products. On the other hand, consumers would not pay for the use of a smart shared product if it cannot provide equivalent functions as their own one. Therefore, perceived substitutability of ownership is an important factor under particularity of smart shared products.



Another benefit that influences consumers’ acceptance of shared products is the mobility utility [17]. Mobility utility refers to the absence of limitations on product use within a sharing system [17,18]. Serenko and Bontis [55] analogized mobility utility to the construct of ubiquity which provides anytime and anywhere access to IS. Watson et al. [56] described ubiquity as synonymous with omnipresence: “not only that they are everywhere but also that they are, in a sense, ‘nowhere’ for they become invisible as we no longer notice them” (p. 336). Of course, if a consumer cannot easily access a smart shared product, he/she will prefer to own his/her product. Thus, ubiquity is an important factor under particularity of smart shared products.



Due to interconnectedness and social nature of SPSSs, smart products exhibit the characteristics of network goods and should be subject to “network externalities”. Network externalities refer to “the utility that a user derived from consumption of the good increase with the number of other agents consuming the good (p. 424)” [57]. In the sharing economy, network externalities are divided into two types based on the number of access-based services and perceived critical mass of users. The number of access-based services is the supply side of the network, while the number of users is the demand side of the network. The utility obtained from using SPSSs is not only an increasing function of the supply side of a network, but also an increasing function of the demand network [24]. Katz and Shapiro [57] proposed “the utility that a given user derives from the good depends upon the number of other users who are in the same ‘network’ as is he or she (p. 424)”. For example, with the increase of the number of users aligned with the increase of the number of smart shared bicycles supplied, the smart shared bicycles are more likely to be accessed as more smart bicycles will be parked by users at more spots. So, network externality is an important factor under particularity of smart shared products.



In IS literature, prior studies in different contexts have individually examined how these three dimensions influence a new technology adoption. Thus, in the access-based service or sharing economy context, these three dimensions of the particularity of smart shared products may affect the motivational determinants of TAM in studying the acceptance of SPSSs in sharing economy.





3. Conceptual Framework and Hypotheses


Based on TAM [12], the current study examines the following two research objectives: (1) from the perspectives of the usage of mobile apps and smart shared products in SPSSs, the study aims at providing a model on the acceptance of SPSSs in sharing economy through introducing two types of antecedents: perceived interactivity of mobile apps and the particularity of smart shared products; (2) when SPSSs usage is affected by the perceived interactivity of mobile apps and the particularity of smart shared products, how are these antecedents related to the motivational determinants of consumers’ technology acceptance?



3.1. Relationships Between Ease of Use, Usefulnes, and Usage of SPSSs


TAM posits that two surrogate constructs, PU and PEOU, are primary motivations for new information technology acceptance behavior [36]. Additionally, previous technology adoption research has indicated that PEOU has a positive effect on PU in the context of mobile apps [38,40]. In the case of SPSSs, a consumer may be more likely to use an SPSS when he or she feels that using SPSS in an access-based service situation will be free of effort and will increase his or her task performance. The consumer may also perceive the task performance as increased if SPSS is easy to use. In line with previous research, the following hypotheses are proposed:



H1. 

The perceived ease of use of SPSSs positively influences perceived usefulness of SPSSs.





H2. 

The perceived ease of use of SPSSs positively influences intention of use of SPSSs.





H3. 

The perceived usefulness of SPSSs positively influences intention of use of SPSSs.






3.2. Antecedents of SPSSs Adoption


3.2.1. Control, Responsiveness, and Communication


Prior empirical research has indicated that there is a positive relationship between perceived interactivity and attitude or behavioral intention to a medium or system [49,50,54]. This study infers that the three dimensions of the perceived interactivity of mobile apps (control, communication, and responsiveness) may positively influence the PEOU of SPSSs in an access-based service or sharing economy.



Perceived control over the interaction process reflects a user’s confidence in performing requested activities. Perceived control is an internal system based efficacy, and can be translated into users’ control over the content, timing, and sequence of communication [14,49,50]. Perceived control has been found to greatly influence the ease of use perception [58,59,60,61,62]. Pituch and Lee [61] presented similar findings, showing that controllability has a significantly positive impact on PEOU of the e-learning systems. Therefore, when a user finds that the mobile app of an SPSS is controllable, he or she may perceive SPSS as easy to use.



Perceived responsiveness captures how the users perceive that an interactive medium responds to his or her input properly and in a timely manner. Some researchers found that perceived responsiveness has a positive relationship with PEOU. In the e-learning context, Pituch and Lee [61] argued that when an e-learning system is fast, consistent, and reasonable, this system’s response will be perceived as easy to use among learners. Therefore, if the response from a mobile app of an SPSS is very fast, the users may perceive that it is easy to use.



Perceived communication is the extent to which users believe that the system or medium facilitates two-way communication [14]. Two-way communication has been found to positively influence PEOU in previous studies [58,61,62]. Pituch and Lee [61] also supported that the two-way communication of an e-learning system makes learners feel that the system is easier to use. Thus, in the process of using SPSSs, perceived communication of mobile apps may positively influence users’ ease of use perception toward the SPSSs.



H4. 

The perceived interactivity of mobile apps has a positive effect on perceived ease of use of SPSSs.





H5. 

The perceived communication of mobile apps positively influences perceived ease of use of SPSSs.





H6. 

The perceived control of mobile apps positively influences perceived ease of use of SPSSs.





H7. 

The perceived responsiveness of mobile apps positively influences perceived ease of use of SPSSs.






3.2.2. Network Externalities, Perceived Substitutability, and Perceived Ubiquity


Prior studies have examined the effect of network externalities on new technology adoption [15,16,63]. Researchers in different contexts found that the network externalities have a positive effect on PU of the systems, such as Hsu and Lin [24] in internet-of-things (IoT). Most access-based services, such as shared cars or bicycles, exhibit strong network externalities, especially in traffic services. In access-based services, network externalities are not only due to the number of users, but also the number of services. That is the number of service points that consumers believe he or she will conveniently access a particular SPSS. An SPSS with more users and more service points may be perceived as more useful.



H8. 

The network externalities of the smart shared products positively influence perceived usefulness of SPSSs.





In the new product introduction research, a new product can substitute an old one as long as the new product is similar or superior to the old one in terms of functionality and benefit [64]. If so, when owning and sharing are seen as substitutes, consumers may prefer sharing [17,18]. Based on TAM and Uses & Gratification theory (U&G), Cha [65] found that perceived substitutability predicts the usefulness of video sharing sites. In addition, Ernst, et al. [66] also posited that perceived substitutability has a positive influence on the PU of augmented reality smart glasses. Thus, perceived substitutability of a smart shared product may be an important reason for users to perceive the usefulness of the SPSS.



H9. 

The perceived substitutability of the smart shared products positively influences perceived usefulness of SPSSs.





Ubiquity is the ability of a smart shared product to provide “anytime” and “anywhere” adaptive personalized usage. Previous literature found that perceived ubiquity of the technology is a critical determinant of the user’s attitude toward new technology. Researchers in different contexts found that the levels of the ubiquity of the products and services affect the levels of users’ participation in the systems, such as commercial sharing systems [17], mobile internet [19], and e-learning systems [16]. In access-based services, if consumers are able to access smart shared products anytime and anywhere, they will feel that it is free of effort for them to obtain the access-based services. Therefore, the perceived ubiquity of smart shared products may influence consumers’ PEOU of SPSSs.



H10. 

The perceived ubiquity of smart shared products positively influences perceived ease of use of SPSSs.





Based on the previous hypotheses, a research model is developed, as shown in Figure 1, to explain and predict the intention of SPSSs adoption.






4. Methodology


4.1. Sampling and Data Collection


Contemporary bike sharing programs refer to the provision of bicycles to enable short-term rental [67]. The bike sharing programs are a kind of use-oriented SPSSs, which usually contain technologies that allow users to search bicycles or track movements through mobile apps. Bike sharing programs have witnessed a sharp increase in both their prevalence and popularity worldwide. China currently has the world’s largest public bicycle share schemes, with over 16 million bicycles in 2017 [68]. Therefore, this study verifies the proposed research model through consumers’ adoption of bike sharing programs in China.



The data for this study were collected through an online questionnaire survey platform named Wenjuanxing (https://www.wjx.cn/), which provides a random sampling service with selection criteria. Since bike-sharing takes place in denser cities, only the people living in the main cities of China (including Beijing, Shanghai, Guangzhou, Shenzhen, Chengdu, and Changsha) were invited. Furthermore, only the people who had recent experience of using the bike sharing programs could fill in the survey. After completing the questionnaire, respondents could earn rewards from Wenjuanxing. A total of 550 people completed questionnaires collected in March 2018. The respondents were required to answer all questions in the questionnaire, and a manual data screening identified 30 monotone answers. Therefore, 520 returned responses were retained for analysis (valid response rate, 94.5%), and were used for model testing. Participants were given a definition of bike sharing programs prior to the survey: “In general, bike sharing is understood as short-term bicycle rental service conducted through online self-service transaction by a mobile app, whereby temporal rental via off-line staff service is not meant.” Table 1 provides an overview of socio-demographic and different variables of bike sharing programs usage.




4.2. Measurement


Established multi-item measures which had been tested in previous studies investigating websites’ or mobile apps’ effectiveness, commercial sharing systems utility, and ICT adoption motivations were adapted (The scales can be seen in the Appendix.). Existing measures of perceived interactivity were borrowed from Song and Zinkhan’s [14] study that included the measurements of three dimensions: (1) communication, (2) control, and (3) responsiveness. A total of 13 question items were used to assess the perceived interactivity of mobile apps. The three dimensions had good internal reliabilities (alpha values were 0.882, 0.907, and 0.91 for communication, control, and responsiveness, respectively).



Perceived ubiquity, which refers to the ability of shared bicycles to provide “anytime” and “anywhere” adaptive personalized usage, was operationalized by items from established scales [16,19,69]. Perceived substitutability items, which capture whether a shared bicycle is perceived to be considered as a closer substitute for an owned bicycle for the consumers, were adapted from the survey instruments used in Lamberton and Rose [17]. Network externality, which refers to the perceived benefit of using a shared bicycle that increases with the perceived number of users of that service [57], was operationalized by items from established scales [19,24]. A total of nine question items were used to assess these characteristics of smart shared products. The three variables also had good reliabilities (alpha values were 0.858, 0.885, and 0.890 for perceived ubiquity, substitutability, and network externality, respectively).



For TAM variables, items were adopted from Venkatesh, et al. [70] and Venkatesh and Davis [34]. The items were properly modified for the context of bike sharing programs. While PEOU items capture the effort necessary to use bike sharing programs, PU items assess whether bike sharing programs are perceived as an effective and efficient solution as a ‘last mile’ connection to the public transport. Usage intention of bike sharing programs captures consumers’ acceptance and continuous use. The TAM variables had good reliabilities (Cronbach’s alpha values were 0.910, 0.871, and 0.867 for PEOU, PU, and UI, respectively).



The questionnaire was first developed in English and then translated into Chinese. The translation was made by certified translators to ensure linguistic equivalence. Back-translation was performed to ensure the accurate depiction of the real meaning of the translation of the questionnaire. Items for all the above constructs were measured with seven-point Likert Scales (1= strongly disagree to 7= strongly agree).





5. Data Analysis and Results


The Smart-PLS 3.27 was used as the analytical tool to test the model [71]. Partial Least-Square Structural Equation Modeling (PLS-SEM) is widely used in IS research [72]. One of the advantages of using PLS-SEM is that the data do not need to meet certain normal distribution requirements [73]. Although the small sample size and use of formative indicators are not the reasons for this study using PLS-SEM, since PLS-SEM generally has a greater statistical power for detecting statistically significant relationships within a model [74], it is more suitable for the exploratory nature of this study. Furthermore, for understanding the total effects of perceived interactivity and perceived particularity, a Hierarchical Component Model (HCM) which contains two layers was constructed [75]. In this study, the lower-order component is a reflective-reflective type. PLS-SEM allows HCMs to be modeled and estimated [71]. By using the PLS-SEM, the reliability and validity of the measurement model were first examined before testing the structural model.



5.1. Measurement Model


Table 2 and Table 3 present the measurement model results, including information about factor loadings, reliability, and validity. The Cronbach’s alpha (CA) values of all constructs were over 0.7, showing a high reliability of items for each construct [76]. Composite reliabilities (CR) of all constructs ranged from 0.859 to 0.91 and exceeded the threshold value of 0.7. Furthermore, all average variance extracted (AVE) values ranged from 0.649 to 0.753 and exceeded 0.5 in all examined cases. AVE values were greater than variance due to measurement error (see Table 2). Therefore, the conditions for convergent validity were met [77]. In addition, the discriminant validity of the constructs was satisfactory since the square root of AVE of a construct is higher than any correlation with another construct (see Table 3).



Two methods were used to assess common method bias. Firstly, Harman’s one-factor test was performed [78]. Each principal construct explains roughly equal variance, indicating that our data do not suffer from high common method variance. Next, a full collinearity assessment approach was followed [79]. The full collinearity test simultaneously assesses both vertical and lateral collinearity. The variance inflation factors (VIFs) of all latent variables range from 1.847 to 3.063, which are lower than the 3.3 threshold [79,80], showing that the common method bias was less of a concern in the study.




5.2. Structural Model


Structural equation modeling was used to test the hypotheses. Figure 2 summarizes the structural model and shows the path coefficient for each path along with its significance and R2 for each endogenous variable. Consistent with the findings of previous studies of technology acceptance [16,81], PEOU has a direct positive effect on PU (β = 0.348, p < 0.001) and on the intention of use (β = 0.213, p < 0.001). PU has a direct positive effect on the intention of use (β = 0.526, p < 0.001). Perceived interactivity of mobile apps has a positive effect on PEOU. The dimensions of perceived interactivity, including perceived communication, perceived control, and perceived responsiveness, have direct effects on PEOU (β = 0.147, p = 0.002; β = 0.368, p < 0.001; and β = 0.220, p < 0.001, respectively). Perceived ubiquity positively affects PEOU (β = 0.150, p < 0.001). Perceived substitutability and network externality were found to directly relate to PU (β = 0.273, p < 0.001; β = 0.341, p < 0.001, respectively). Thus, the results from the PLS analysis support all hypotheses. Table 4 shows the direct, indirect, and total effects.




5.3. Second-order Model Analysis


In order to test the effects of perceived interactivity and perceived particularity, a second-order model was constructed and tested by adopting the repeated indicators approach. In the second-order model, perceived ubiquity was latched on its higher order scale and could not be regressed on PEOU. The results in Figure 3 show that perceived interactivity has a significant effect on PEOU and perceived particularity has a significant effect on PU. Table 5 shows the values of CR and AVE and the results of the discriminant validity test. All the values meet the requirements for reliability and validity.





6. Discussion and Conclusions


6.1. Discussions of Results


This study reveals that the intention to use SPSSs can be predicted by the proposed model (R2 = 0.461). PEOU and PU significantly and directly affect the intention of use SPSSs in sharing economy. The total effects of PEOU and PU are 0.395 and 0.526, respectively. This implies that to effectively promote the use of SPSSs in the sharing economy, it is important to make users believe that SPSSs will enhance their task performance and using SPSSs will be free of effort. Of these two drivers, PU is found to have the most significant influence on behavioral intention (β = 0.526). This highlights that PU plays a key role in predicting the user’s behavior in using SPSSs.



In addition, this study seeks to determine significant factors influencing the user’s PEOU and PU. The results reveal that PU is significantly attributed to three factors (PEOU, perceived substitutability, and network externality) that together account for 60.4% of the observed variance while explaining the PU. PEOU and network externality are found to have almost the same effect on PU (β = 0.348 and β = 0.341, respectively). Without perceived substitutability and network externality, the access-based services will not be available. In this case, with the increase in the number of users of smart shared bicycles, the number of access-based service points will be increased since smart shared bicycle service providers are willing to release more smart shared bicycles to the market. Thus, the users will find that the SPSSs are more useful – this is why network externality is an important antecedent for the PU of SPSSs. At the same time, users use smart shared bicycles for transportation because those bicycles can act as a substitute to self-owned bicycles and other transportation equipment. It explains why substitutability of the smart shared products can affect users’ perception of the usefulness of SPSSs. If a user finds that he or she cannot easily get a smart shared bicycle on the streets when he or she needs this service, the user will feel that SPSSs are not easy to use. Moreover, the indirect impact of PEOU on the intention of use through PU is 0.183 (see Table 4). The indirect effects of perceived substitutability and network externality are 0.144 and 0.179, respectively. This study shows that when consumers feel an SPSS is easy to use, the smart shared products have a large number of users, and the smart shared products are a close substitute for owned products, the consumers will perceive SPSS as useful and therefore they have a stronger intention to use it.



The results reveal that PEOU is significantly attributed to the perceived interactivity of mobile apps (i.e., perceived communication, perceived control, and perceived responsiveness) and perceived ubiquity of smart shared products. These four factors account for approximately 53.7% of the observed variance while explaining PEOU. Especially, in the three dimensions of perceived interactivity, perceived control is found to have the most significant influence on PEOU, with a coefficient much higher than the others (β = 0.368). The user perceives an SPSS to be easy to use only if he or she experiences better control of mobile apps. Besides, the responsiveness of mobile apps is also very important for PEOU (β= 0.220), because a fast and consistent response can lead to an “easy to use” feeling on the apps. Of course, reciprocal communication is necessary for making a mobile app easy to use. Without perceived ubiquity, the product cannot be easily shared. Moreover, the indirect impact of perceived communication, perceived control, perceived responsiveness, and perceived ubiquity on the intention of use are 0.058, 0.146, 0.087, and 0.059, respectively (see Table 4). The result implies that when consumers feel the mobile app is more interactive and they are able to access smart shared products anywhere and anytime, they will perceive that SPSSs are more easy to use and will have a stronger intention to use the SPSSs. This study shows that perceived control plays an important role in shaping users’ PEOU and affects users’ behavior intention to use SPSSs. Similarly, perceived communication, perceived responsiveness, and perceived ubiquity predict PEOU of SPSSs.




6.2. Conclusions


The primary objective of this study is to identify the determinants of consumers’ acceptance of SPSSs in an access-based service or sharing economy. This study takes a systems view on SPSSs and adopts TAM as a basic theoretical framework for exploring the determinants from two core components of SPSSs (i.e. smart sharing products and mobile apps) and their effects.



The study results indicate that the perceived interactivity of mobile apps and the particularity of smart shared products are two sets of antecedents of consumers’ intention to use the SPSSs. It has been found that control, responsiveness, and communication of mobile apps, and perceived ubiquity of smart shared products, positively and significantly affect the PEOU of SPSSs, while perceived substitutability and network externality of smart shared products positively and significantly influence the PU of SPSSs. The positive impacts of PEOU and PU on the behavioral intention to use SPSSs are also found. The results of the second-order model further show that perceived interactivity has a significant effect on the PEOU of SPSS, and perceived particularity has a significant effect on PU.




6.3. Theoretical Implications


For academic researchers, this study contributes to the following theoretical implications. First, this study is a pioneer in applying a system theory (by extending TAM) in researching a business model of sharing economy. The results of the study stress the point that once users perceive the usefulness of SPSSs, they are likely to accept and use the SPSSs. These findings are in line with previous acceptance research [16,38]. The results of this study also indicate that PEOU increases the PU of SPSSs, as presented by the findings of previous studies [16,19]. The emergence of smart technologies (e.g., sensors and GPS) for SPSSs is one of the reasons for the rapid expansion of the sharing economy (such as sharing cars and bicycles in the transportation mode). In the past, for studying PSSs, researchers seldom employed the models of technology acceptance (e.g., TRA and TAM). This indicates that few researchers treat PSSs as ‘systems’. Although the concept of SPSSs is extended from PSSs, SPSSs involve using smart technologies to facilitate the delivery of access-based services. Therefore, this study takes a system view on SPSSs and successfully applies TAM in studying the acceptance of a type of use-oriented SPSSs – the bike sharing programs in China. This study can lead a trend of using technology acceptance theories to study different business models of the sharing economy.



For studying the effects related to smart shared products, this study introduces the concept of particularity. Particularity is a term that refers to the particular characteristics of a product for which the access-based services are supported. The results of the HCM analysis confirm that perceived particularity is a source of the PU of SPSSs. Thus, SPSSs become useful for users with particular functions which support the access-based services of smart shared products. Although most of the previous studies on sharing programs indicated that perceived ubiquity [82], perceived substitutability [17], and network externality [83] had impacts on the likelihood of choosing shared products, this study is the first that groups these three factors together. The results of the study show that network externality and perceived substitutability are important determinants of PU. These results are consistent with previous studies [24,84]. Furthermore, this study confirms that perceived ubiquity positively affects the PEOU of SPSSs. This is because ubiquity-specific attributes have been treated as external factors [55] or value sources [19] for PEOU. As Lytras and Visvizi suggested, users require the advanced mobility and availability of transparent ubiquitous services that are simple to use [85]. This study contributes to a group of antecedents of the particularity of smart shared products for researchers to design their research in sharing economy. The concept of particularity introduced in this study is not only limited to the study of SPSSs in the sharing economy, but can also be applied in other research areas where a special service is available only when the related product has particular characteristics.



The results of the HCM analysis confirm that perceived interactivity is a source of PEOU of SPSSs. Therefore, SPSSs become easier for users with the increased interactivity of mobile apps. Although some researchers recently studied the interactive features of mobile apps and their effects on user behavior, most of them employed a single dimension measurement, such as Shin et al. [86]. This study validates that the three dimensions of interactivity developed by Song and Zinkhan [14] can be applied in studying SPSSs in an access-based service or sharing economy context. In Song and Zinkhan’s [19] study, they did not directly compare the effects of three elements on certain outcomes. This study finds that perceived control is the most important component affecting users’ perception in ease of use. Therefore, this study provides researchers with a reference for using these three dimensions of interactivity in their mobile commerce research.



For designing a research model, this study shows how to integrate TAM with related determinants. For example, SPSSs include two core components (the smart sharing products and mobile apps), thus perceived interactivity and perceived particularity are proposed to address these two core components, respectively. The values of CR (>0.7) and AVE (>0.5) of the second-order model analysis confirm the setting of the reflective second-order measurement scale. Therefore, there is a reflective relationship between the second-order component and the first-order components. Thus, researchers can follow this case to construct their research models referring to the core components of the systems that they intend to study.



As mentioned by Goedkoop et al. [31], sustainability is an important characteristic of use-oriented PSSs. Therefore, SPSSs should support sustainability. In this case, having the particularity of smart shared bikes and interactivity of bike sharing mobile apps, consumers can assess smart shared bikes anytime and anywhere, so consumers are willing to use them to substitute traditional transportation equipment. Therefore, bike sharing programs provide environmental sustainability in reducing air pollution emissions. People save money by using shared bikes in their daily travel and smart shared bikes providers and their supply chains can earn money from bike sharing operations. Then, bike sharing programs provide economic sustainability in obtaining monetary benefits for each stakeholder. Cycling (as a physical exercise) makes people happy, releases stress, is healthy, and improves mental well-being. Therefore, bike sharing programs provide social sustainability in improving human health status. This study shows how the particularity of smart shared products and interactivity of mobile apps enable SPSSs to provide benefits for sustainability.




6.4. Practical Implications


This study generates some potentially important insights for the SPSSs providers and smart cities strategy considerations. First, PU has a positive impact on SPSSs adoption. The high coefficient value (β = 0.526) indicates that the users are very concerned about the usefulness of using SPSSs. This study tests two antecedents of the PU of SPSSs. As recommended by Hsu and Lin [24], providers should accelerate the network effects to achieve a perception of critical mass through word-of-mouth and mass advertisements. For increasing the network size, the providers can offer a family package or group package. These types of packages can quickly enlarge the user base. Furthermore, the providers should emphasize the substitutability of the smart shared bicycles through the marketing media: The smart shared bicycles can not only replace private bicycles, but also be served as a transit tool to link up mass transportation equipment.



Second, PEOU not only has a direct effect, but also has an indirect impact, on the intention of use through PU. Therefore, the providers should also make the SPSSs easier to use, especially the mobile apps. In this study, four antecedents that can affect the PEOU of SPSSs are tested. On the mobile apps side, perceived interactivity is crucial to motivate the adoption among most users. Therefore, providers should be aware of the importance of interactivity of mobile apps. When designing the mobile apps, the designers should ensure that the design of mobile apps can support two-way communication in different communication channels. For example, mobile apps should be linked up with other social media, so as to enable users to communicate with providers through different social media. Furthermore, the providers should recruit users and obtain their experience in designing the control flow in searching services, placing orders, and making payment for the shared bicycle services. In the back-end service, the developers should investigate the mechanism running in the back-end servers in order to speed up the responsibility for solving the requests issued from the users. On the smart shared products side, the providers should not only focus on increasing the numbers of smart shared bicycles, but also manage the distributions of service points and make sure that users can find the smart shared bicycles once they need them anywhere.



Third, this study is also helpful for policy-makers to develop strategies for building smart cities. Since interaction unfolds at the intersection of the supply of information which enhances e-services for citizens [87], improving the communication, control, and responsiveness of mobile apps helps to enhance the willingness of city inhabitants to adopt and use SPSSs. The adoption and diffusion of SPSSs by citizens can make urban spaces truly smart [87,88]. Therefore, policy-making and strategy considerations for smart cities need to focus on human-centric SPSSs development and smart cities infrastructure construction.




6.5. Limitation and Future Research


The present study has several inevitable limitations and the results need to be interpreted with caution. First, data were collected in China. Therefore, the results may not be generalized for other countries. Future studies using this research model in other countries are recommended in order to further validate the research model. Second, this study only focuses on the use-oriented SPSSs. Hence, the findings of this study should not be generalized and applied to result- or product-oriented SPSSs adoption, such as launderettes or print services. Third, this study proposes a research model that consists of the interactivity of mobile apps and particularity of smart shared products as antecedents of PU and PEOU that influence the behavioral intention to use SPSSs. However, TAM has evolved into the unified theory of acceptance and use of technology (UTAUT) and UTAUT2, so more predictors of adoption are suggested, such as social influence, facilitating conditions, price, and habit. Furthermore, since this study is an exploratory study, only six elements are selected under perceived interactivity of mobile apps and particularity of smart shared products, so researchers may consider amending the structure of perceived interactivity and perceived particularity in their future research. Future research may investigate the influences of these additional variables to gain a better understanding of the adoption of SPSSs.
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Appendix A


The scales of consumer acceptance of smart product-service systems in sharing economy





	
Item




	
Perceived communication (PCM) (adapted from Song and Zinkhan [14])




	
PCM1

	
The mobile app of this bike sharing program accurately provided me with the location and number of bicycles in the surrounding area.




	
PCM2

	
When I encountered problems in use, the mobile app of this bike sharing program provided me with a solution.




	
PCM3

	
The mobile app of this bike sharing program was effective in gathering users’ feedback.




	
PCM4

	
The mobile app of this bike sharing program facilitated two-way communication.




	
Perceived Control (PCN) (adapted from Song and Zinkhan [14])




	
PCU1

	
While using mobile app of this bike sharing program, I always knew what function I am using.




	
PCU2

	
When using mobile app of this bike sharing program, I clearly knew where the functional menu I need was.




	
PCU3

	
When using mobile app of this bike sharing program, I could choose freely what I wanted.




	
PCU4

	
I feel that I have a great deal of control over my user experience with this mobile app.




	
PCU5

	
I feel that I can always control the bike through the mobile app of this bike share program.




	
Perceived Responsiveness (PRS) (adapted from Song and Zinkhan [14])




	
PRS1

	
The mobile app of the bike sharing program processed my input very quickly.




	
PRS2

	
Getting information from the mobile app was very fast.




	
PRS3

	
I was able to open the mobile app of this bike sharing program without any delay.




	
PRS4

	
When I clicked on the menu of the mobile app, I felt I was getting instantaneous information.




	
Perceived Ubiquity (PUB) (adapted from Nikou and Economides [16] and Chong et al. [19])




	
PUB1

	
In my city, share bikes are available everywhere.




	
PUB2

	
I can access share bikes anywhere and anytime.




	
Network Externality (NE) (adapted from Chong et al. [19] and Hsu and Lin [24])




	
NE1

	
In my observation, bike sharing program has a large number of users.




	
NE2

	
Many of my friends or families use share bike frequently.




	
NE3

	
Many of my contacts use share bike frequently.




	
Perceived Substitutability (PS) (adapted from Lamberton and Rose [17])




	
PS1

	
I believe a share bike substitutes quite well for a personally owned bicycle.




	
PS2

	
Sharing a bike just as good as owning one.




	
PS3

	
I believe a share bike is a closer substitute for my own bicycle.




	
PS4

	
There is no substitute for owing my own bicycle. (reversed)




	
Perceived of Usefulness (PU) (adapted from Venkatesh and Davis [34])




	
PU1

	
I find bike sharing program useful in my daily life.




	
PU2

	
Using share bike increases my travel convenience.




	
PU3

	
Using share bike increases my productivity.




	
Perceived Ease of Use (PEOU) (adapted from Venkatesh and Davis [34])




	
PEOU1

	
Learning how to use bike sharing program is easy for me.




	
PEOU2

	
My interaction with bike sharing program is clear and understandable.




	
PEOU3

	
I find bike sharing program easy to use.




	
PEOU4

	
It is easy for me to become skillful at using bike sharing program.




	
Usage Intention (UI) (adapted from Venkatesh and Davis [34])




	
UI1

	
I intend to continue to using bike sharing program in the future.




	
UI2

	
I will always try to use the bike sharing program in my daily life.




	
UI3

	
I plan to continue to use bike sharing program frequently.
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Figure 1. The research model. 






Figure 1. The research model.



[image: Sustainability 11 00928 g001]







[image: Sustainability 11 00928 g002 550] 





Figure 2. Structural model (Note: *** indicate significant at p < 0.01). 
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Figure 3. Results of the second-order model analysis. 
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Table 1. Descriptions with regard to gender, income, and bike sharing programs usage (sample size = 520).
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Measure

	
Range

	
Frequency

	
Percentage






	
Gender

	
Male

	
266

	
51.2%




	

	
Female

	
254

	
48.1%




	
Age

	
18 to 30

	
357

	
68.7%




	

	
31 to 40

	
120

	
23.1%




	

	
41 to 50

	
41

	
7.9%




	

	
Above 51

	
2

	
0.3%




	
Education (completed)

	
High School and below

	
39

	
7.5%




	
Junior College and Undergraduate

	
444

	
85.4%




	

	
Postgraduate

	
37

	
7.1%




	
Income (monthly)

	
0 to 2500 (0 to 400 USD)

	
215

	
41.3%




	
2501 to 4500 (401 to 720 USD)

	
122

	
23.5%




	

	
4501 to 6500 (721 to 1040 USD)

	
117

	
22.5%




	

	
6501+ (over 1040 USD)

	
66

	
12.7%




	
Type of brand

	
Mobike (https://mobike.com/cn/)

	
379

	
72.9%




	
OFO (http://www.ofo.so/#/)

	
406

	
78.1%




	

	
DiDi (http://www.xiaojukeji.com/)

	
87

	
16.7%




	

	
Youon (http://www.ibike668.com/)

	
74

	
14.2%




	

	
Others

	
121

	
23%




	
Usage frequency

	
Once every two months or less

	
45

	
8.7%




	
Once a month

	
25

	
4.8%




	

	
2-3 times per month

	
27

	
5.2%




	

	
Once a week

	
152

	
29.2%




	

	
2-3 times per week

	
154

	
29.6%




	

	
Once a day

	
100

	
19.2%




	

	
2 times per day or more

	
17

	
3.3%
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Table 2. Convergent validity for the measurement model.
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Construct Item

	
Mean

	
S.D.

	
Factor Loading

	
Cronbach’s α

	
CR

	
AVE






	
PCM

	
4.814

	
1.036

	

	
0.882

	
0.880

	
0.649




	

	
PCM1

	
4.935

	
1.248

	
0.843

	

	

	




	

	
PCM2

	
4.660

	
1.182

	
0.715

	

	

	




	

	
PCM3

	
4.681

	
1.164

	
0.799

	

	

	




	

	
PCM4

	
4.983

	
1.192

	
0.857

	

	

	




	
PCN

	
4.974

	
0.984

	

	
0.907

	
0.907

	
0.661




	

	
PCN1

	
4.994

	
1.143

	
0.832

	

	

	




	

	
PCN2

	
4.996

	
1.125

	
0.826

	

	

	




	

	
PCN3

	
5.013

	
1.071

	
0.833

	

	

	




	

	
PCN4

	
4.929

	
1.195

	
0.781

	

	

	




	

	
PCN5

	
4.935

	
1.116

	
0.791

	

	

	




	
PRS

	
4.723

	
1.043

	

	
0.900

	
0.900

	
0.693




	

	
PRS1

	
4.815

	
1.157

	
0.861

	

	

	




	

	
PRS2

	
4.767

	
1.181

	
0.829

	

	

	




	

	
PRS3

	
4.577

	
1.221

	
0.754

	

	

	




	

	
PRS4

	
4.733

	
1.193

	
0.880

	

	

	




	
PUB

	
5.252

	
1.239

	

	
0.858

	
0.859

	
0.753




	

	
PUB1

	
5.404

	
1.382

	
0.891

	

	

	




	

	
PUB2

	
5.100

	
1.262

	
0.844

	

	

	




	
NE

	
5.189

	
1.096

	

	
0.890

	
0.890

	
0.730




	

	
NE1

	
5.367

	
1.210

	
0.837

	

	

	




	

	
NE2

	
5.056

	
1.224

	
0.837

	

	

	




	

	
NE3

	
5.135

	
1.195

	
0.888

	

	

	




	
PS

	
4.755

	
1.114

	

	
0.885

	
0.886

	
0.662




	

	
PS1

	
4.908

	
1.281

	
0.871

	

	

	




	

	
PS2

	
4.752

	
1.319

	
0.866

	

	

	




	

	
PS3

	
4.806

	
1.317

	
0.772

	

	

	




	

	
PS4

	
4.556

	
1.238

	
0.738

	

	

	




	
PU

	
5.205

	
1.029

	

	
0.871

	
0.871

	
0.692




	

	
PU1

	
5.198

	
1.176

	
0.840

	

	

	




	

	
PU2

	
5.235

	
1.140

	
0.857

	

	

	




	

	
PU3

	
5.181

	
1.148

	
0.798

	

	

	




	
PEOU

	
5.346

	
1.092

	

	
0.910

	
0.910

	
0.716




	

	
PEOU1

	
5.413

	
1.219

	
0.853

	

	

	




	

	
PEOU2

	
5.312

	
1.229

	
0.899

	

	

	




	

	
PEOU3

	
5.269

	
1.261

	
0.779

	

	

	




	

	
PEOU4

	
5.390

	
1.212

	
0.851

	

	

	




	
UI

	
5.027

	
1.139

	

	
0.867

	
0.866

	
0.683




	

	
UI1

	
5.213

	
1.171

	
0.899

	

	

	




	

	
UI2

	
4.937

	
1.347

	
0.774

	

	

	




	

	
UI3

	
4.931

	
1.318

	
0.802

	

	

	








Remark: PCM – Perceived Communication, PCN – Perceived Control, PEOU – Perceived Ease of Use, NE – Network Externality, UI – Usage Intention, PRS – Perceived Responsiveness, PS – Perceived Substitutability, PUB – Perceived Ubiquity, PU – Perceived Usefulness, S.D. - Standard Deviation, CR - Composite Reliability, AVE - Average Variance Extracted.
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Table 3. Validity of the measurement model (values in Italic: the square root of the average variance extracted for each construct).
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	PCM
	PCN
	PEOU
	NE
	UI
	PRS
	PS
	PUB
	PU





	PCM
	0.806
	
	
	
	
	
	
	
	



	PCN
	0.740
	0.831
	
	
	
	
	
	
	



	PEOU
	0.658
	0.736
	0.846
	
	
	
	
	
	



	NE
	0.519
	0.557
	0.527
	0.854
	
	
	
	
	



	UI
	0.405
	0.564
	0.606
	0.549
	0.826
	
	
	
	



	PRS
	0.698
	0.772
	0.682
	0.432
	0.494
	0.832
	
	
	



	PS
	0.447
	0.478
	0.461
	0.606
	0.635
	0.408
	0.814
	
	



	PUB
	0.473
	0.438
	0.485
	0.715
	0.383
	0.383
	0.457
	0.868
	



	PU
	0.500
	0.611
	0.699
	0.742
	0.755
	0.523
	0.683
	0.520
	0.832







Remark: PCM – Perceived Communication, PCN – Perceived Control, PEOU – Perceived Ease of Use, NE – Network Externality, UI – Usage Intention, PRS – Perceived Responsiveness, PS – Perceived Substitutability, PUB – Perceived Ubiquity, PU – Perceived Usefulness, Italic font = square-root of the AVE
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Table 4. Direct, indirect, and total effects.
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	Dependent Variables
	R-squared
	Independent Variables
	Direct Effect
	Indirect Effect
	Total Effect





	PEOU
	0.537
	PCM
	0.147
	
	0.147



	
	
	PCN
	0.368
	
	0.368



	
	
	PRS
	0.220
	
	0.220



	
	
	PUB
	0.150
	
	0.150



	PU
	0.604
	PS
	0.273
	
	0.273



	
	
	NE
	0.341
	
	0.341



	
	
	PEOU
	0.348
	
	0.348



	
	
	PU
	
	0.052
	0.052



	
	
	PCM
	
	0.051
	0.051



	
	
	PCN
	
	0.128
	0.128



	
	
	PRS
	
	0.077
	0.077



	UI
	0.461
	PEOU
	0.213
	0.183
	0.395



	
	
	PU
	0.526
	
	0.526



	
	
	PCM
	
	0.058
	0.058



	
	
	PCN
	
	0.146
	0.146



	
	
	PRS
	
	0.087
	0.087



	
	
	PUB
	
	0.059
	0.059



	
	
	PS
	
	0.144
	0.144



	
	
	NE
	
	0.179
	0.179







Remark: PCM – Perceived Communication, PCN – Perceived Control, PEOU – Perceived Ease of Use, NE – Network Externality, UI – Usage Intention, PRS – Perceived Responsiveness, PS – Perceived Substitutability, PUB – Perceived Ubiquity, PU – Perceived Usefulness.
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Table 5. Reliability and validity tests for the second-order model (values in Italic: the square root of the average variance extracted for each construct).






Table 5. Reliability and validity tests for the second-order model (values in Italic: the square root of the average variance extracted for each construct).
















	
	Cronbach’s α
	CR
	AVE
	PI
	PP
	PEOU
	PU
	UI





	PI
	0.939
	0.947
	0.579
	0.761
	
	
	
	



	PP
	0.897
	0.916
	0.550
	0.566
	0.741
	
	
	



	PEOU
	0.910
	0.937
	0.787
	0.716
	0.530
	0.887
	
	



	PU
	0.871
	0.921
	0.794
	0.553
	0.705
	0.623
	0.891
	



	UI
	0.867
	0.918
	0.790
	0.499
	0.577
	0.540
	0.658
	0.889







Remark: PI – Perceived Interactivity, PP – Perceived Particularity, PEOU – Perceived Ease of Use, PU – Perceived Usefulness, UI – Usage Intention.
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