The impact of social capital on mass customization and product innovation capabilities 
Abstract 
Social capital with customers has three dimensions: structural, relational and cognitive capital. We propose a research model on the joint effects of the three dimensions of social capital on mass customization capability (MCC) and product innovation capability (PIC). The hypotheses are empirically tested using structural equation modeling and data collected from 276 manufacturing firms in China. The results show that the three dimensions of social capital contribute to MCC and PIC development through different mechanisms. In particular, cognitive capital has a significant impact on MCC; relational capital significantly influences PIC; and structural capital indirectly associates with both MCC and PIC.  We also find that structural capital enhances both relational and cognitive capital. MCC improves PIC and fully mediates cognitive capital’s effect on PIC. The findings extend current understanding about the complex interrelationships among structural, relational and cognitive capital and how to develop MCC and PIC by investing in social capital. 
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1. Introduction 
Social capital with customers facilitates cross-boundary collaboration and integration, and enables manufacturers to access and leverage knowledge from customers to develop organizational capabilities (Inkpen and Tsang 2005; Lawson, Tyler, and Cousins 2008; Carey, Lawson, and Krause 2011; Ireland and Webb 2007; Matthews and Marzec 2012). Nahapiet and Ghoshal (1998) propose that social capital has three dimensions: structural, relational and cognitive capital. Social capital theory posits that these dimensions not only have different effects on the exchange, combination and creation of knowledge, but also are interrelated in a complex way and influence performance outcomes differently (Nahapiet and Ghoshal 1998; Adler and Kwon 2002). There is empirical evidence that the three dimensions of social capital jointly influence buyers’ operational (Villena, Revilla, and Choi 2011; Carey, Lawson, and Krause 2011; Lawson, Tyler, and Cousins 2008) and strategic performance (Villena, Revilla, and Choi 2011; Tsai and Ghoshal 1998). 
A growing number of Chinese manufacturers are relying on product innovation and mass customization to gain competitive advantage because of the increases in labour costs and land prices, and new environmental and safety regulations (Breznitz and Murphree 2011; Economist 2014). Successful Chinese manufacturers are usually good at balancing degrees of innovativeness and customization with efficiency. They are concentrating on low-cost and customer-centric innovation and customization for the mass market by imitating Western products and optimizing supply chain and manufacturing processes. Therefore, mass customization capability (MCC), which refers to the ability to offer a high volume of different products for a relatively large market without substantial trade-offs in cost, delivery, responsiveness and quality (Liu, Shah, and Schroeder 2006; Tu, Vonderembse, and Ragu-Nathan 2001), and product innovation capability (PIC), which refers to the ability to introduce new products to meet customer demands (Damanpour 2010; Kim, Kumar, and Kumar 2012), become critical for Chinese manufacturers to compete and move up value chains.  
Researchers have suggested that customers play critical roles in MCC and PIC development as they can provide important knowledge and resources (Lettice, Wyatt, and Evans 2010; Nambisan 2002; Huang, Kristal, and Schroeder 2008; Jitpaiboon et al. 2013). For example, knowledge acquired from customers enables manufacturers to determine the features and prices of the new or customized products and to localize imported products and technologies to fulfil customers’ special requirements cheaply and quickly. In addition, Chinese culture is characterized by collectivism and long-term orientation (Zhao, Flynn, and Roth 2006). China also has a lack of market-supporting institutional infrastructure, which reduces the effectiveness of formal control mechanisms (i.e., contracts). Therefore, manufacturers tend to rely on social capital to learn from their customers and manage customer relationships (Wang, Yeung, and Zhang 2011; Li, Wang, and Liu 2011). Understanding the mechanisms through which structural, relational and cognitive capital with customers jointly influence MCC and PIC will enable a manufacturer to tailor their customer relationship management strategies to build these two capabilities (Inkpen and Tsang 2005). 
The objective of this study is to investigate how social capital with customers can be used to develop MCC and PIC. This study addresses two research questions. First, how does structural, relational and cognitive capital with customers jointly influence MCC and PIC? Second, what is the relationship between MCC and PIC? 
2. Theoretical background and research hypotheses 
2.1 Social capital 
Social capital can be defined as ‘the sum of the actual and potential resources embedded within, available through, and derived from the network of relationships possessed by an individual or social unit’ (Nahapiet and Ghoshal 1998, P.243). Social capital in a buyer-supplier relationship has three dimensions: structural, relational and cognitive capital (Carey, Lawson, and Krause 2011;Villena, Revilla, and Choi 2011; Nahapiet and Ghoshal 1998). Structural capital refers to ‘the overall pattern of connections between actors - that is, who you reach and how you reach them’ (Nahapiet and Ghoshal 1998, P.244). It describes the existence of social linkages and connections, and can be conceptualized as the social interactions between a manufacturer and customers (Lawson, Tyler, and Cousins 2008; Tsai and Ghoshal 1998). Frequent and dense interactions with customers increase the quantity and speed of knowledge exchange (Inkpen and Tsang 2005).  Relational capital refers to ‘those assets created and leveraged through relationships’ (Nahapiet and Ghoshal 1998, P.244). It can be conceptualized as the trust and commitment between a manufacturer and customers (Lawson, Tyler, and Cousins 2008). Relational capital reflects the manufacturer’s belief that the customers will act according to common agreements and will not take advantage of relationship specific investments (Ireland and Webb 2007). As relational lubricants, trust and commitment reduce the transaction costs and opportunistic behaviours within buyer-supplier relationships (Yeung et al. 2009; Zhang and Huo 2013).  Cognitive capital refers to ‘those resources providing shared representations, interpretations, and systems of meaning among parties’ (Nahapiet and Ghoshal 1998, P.244). It can be conceptualized as the common objectives and values, and shared language and codes between a manufacturer and customers (Villena, Revilla, and Choi 2011). Common values and congruent goals ensure that buyer-supplier relationships are governed by agreed norms, which help to avoid inconsistencies and conflict about collaborative activities and expected outcomes (Inkpen and Tsang 2005). Shared language and codes enhance the effectiveness of customer involvement and integration (Matthews and Marzec 2012). Empirical studies have explored the impacts of structural, relational and cognitive capital on buyers’ performance (e.g., Cousins et al. 2006; Carey, Lawson, and Krause 2011; Villena, Revilla, and Choi 2011). However, these studies do not explain the mechanisms through which structural, relational and cognitive capital jointly influence a supplier’s MCC and PIC, especially in an emerging market with unique cultural and institutional environments, which calls for further investigation (Inkpen and Tsang 2005).    
2.2 Mass customization capability   
Mass customization aims at providing enough product variety so that almost every customer finds exactly what they want at a reasonable price (Da Silveira, Borenstein, and Fogliatto 2001). MCC includes four aspects: high volume customization, customization cost efficiency, customization responsiveness and customization quality (Tu, Vonderembse, and Ragu-Nathan 2001; Liu, Shah, and Schroeder 2006). What will be offered to customers and the additional costs associated with customization are constrained by solution spaces, which list pre-defined customization options and are determined by a manufacturer’s production system (Piller 2004; Zhang, Zhao, and Qi 2014). Knowledge from customers, such as preferences for specific permutations of options, requirements for product features (e.g., functionality, price, quality, accessory and service) and feedback and improvement suggestions about current products and processes, helps manufacturers to improve module and component design and production, inventory management and the designs of solution spaces and manufacturing processes (Huang, Kristal, and Schroeder 2008; Lai et al. 2012). Existing empirical research predominantly focuses on the effects of the technical aspects of customer collaboration on MCC. For example, manufacturers are advised to implement customer focused product design, customer involvement initiatives, customer-facing information technologies and customer integration strategies for MCC development (e.g., Lai et al. 2012; Kristal, Huang, and Schroeder 2010; Jitpaiboon et al. 2013). Although keeping close relationships with customers is recognised as being critical (Tu et al. 2004), less is known about the impacts of the social aspects of customer collaboration on MCC, and how to use structural, relational and cognitive capital to elicit knowledge for MCC development (Trentin, Forza, and Perin 2012). Researchers also find that MCC can improve value to customers (Tu, Vonderembse, and Ragu-Nathan 2001), customer satisfaction (Liu, Shah, and Schroeder 2012) and firm performance (Jitpaiboon et al. 2013). In addition, few empirical studies explore the relationship between mass customization and product innovation. For example, through case studies, researchers find that the implementation of mass customization can improve the product development process (Kincade, Regan, and Gibson 2007) and enable a manufacturer to develop a new engineering culture (Rungtusanatham and Salvador 2008). However, previous large scale surveys have provided limited insight on the impact of MCC on PIC (e.g., Liu, Shah, and Schroeder 2012; Trentin, Forza, and Perin 2012).
2.3 Product innovation capability 
Product innovation changes what a manufacturer offers to its customers. New products may take different forms, such as upgrades, extensions or major changes to existing products and can be defined as either incremental or radical, depending on the degree of newness as perceived by the market, customers or users (Damanpour 2010). PIC in China is characterized by customer focus and imitation (Breznitz and Murphree 2011; Economist 2014). Chinese manufacturers focus on adopting imported technologies and developing simpler, cheaper and more convenient versions of Western products with new features to meet local market requirements (Economist 2013). Such product innovation is customer centric instead of technology driven, and relies on a firm’s manufacturing capabilities. PIC requires information about product preferences and features, ideas about future technology and market development trends, and practice-generated and experience-based knowledge on how to design new products or improve existing products. Some of this knowledge is embedded in customer relationships (Nambisan 2002). Knowledge from customers complements internal research and development (R&D) efforts and enables a manufacturer to develop new products quickly and efficiently (Lettice, Wyatt, and Evans 2010; Almirall and Casadesus-Masanell 2010). Social capital plays a significant role in building collaborative relationships with customers, which motivate them to make specific investments in knowledge creation and transfer (e.g., Kim, Kumar, and Kumar 2012; Carey, Lawson, and Krause 2011; Lawson, Tyler, and Cousins 2008; Tsai and Ghoshal 1998). However, there is a lack of empirical evidence on how the three dimensions of social capital jointly influence PIC in China.  
2.4 Research hypotheses
2.4.1 The impact of structural capital on relational and cognitive capital  
Through formal and informal social events and interactions, structural capital can bridge and bond a manufacturer with its customers (Adler and Kwon 2002). It enables a manufacturer to establish individualized contacts with customers and provides opportunities for the manufacturer to access more customers.  This improves the diversity, quality and quantity of knowledge flows, and helps the manufacturer to gain a better understanding of customers and to determine whom to partner with (Tsai and Ghoshal 1998). Structural capital also provides a channel for the manufacturer to evaluate the execution of agreements or contracts through informal mechanisms, which helps the manufacturer to monitor collaboration and control issues such as free riding, hold-ups and leakages in buyer-supplier relationships (Nahapiet and Ghoshal 1998). The manufacturer can identify those customers who will be ‘team members’ by better judging their benevolence and willingness to make sacrifices and consider all parties’ interests in key decisions (Morgan and Hunt 1994; Mayer, Davis, and Schoorman 1995). This reduces the manufacturer’s concerns on relational risks and social liabilities (Yeung et al. 2009; Wang, Yeung, and Zhang 2011). The manufacturer can also develop confidence that customers are reliable and have integrity, and that they will fulfil their obligations and behave in a predictable manner (Mayer, Davis, and Schoorman 1995). The manufacturer and customers are then more likely to make relationship specific investments that are critical for relational capital development (Morgan and Hunt 1994).   
Frequent social interactions supplement information and communication technologies and improve the speed, timeliness, breadth and depth of knowledge exchange between a manufacturer and customers (Inkpen and Tsang 2005). Social events, such as exhibitions, conferences and workshops, help a manufacturer and customers to understand each other better (Cousins et al. 2006). High levels of structural capital indicate that a manufacturer occupies a central position in the network, which enables the manufacturer to renew and update its customer base frequently (Almirall and Casadesus-Masanell 2010). The manufacturer is able to find customers who have compatible objectives and a shared vision, as well as shared values and culture (Zahra and George 2002). Structural capital also provides a platform on which a manufacturer and customers can discuss, analyse, interpret and share knowledge, which enables the development of compatible mental models, and common language and codes between the manufacturer and customers (Carey, Lawson, and Krause 2011). These facilitate collective thinking, reduce ambiguous expectations and misunderstandings during collaboration, and lead to common interpretations of key market and technology changes. These further enable the manufacturer and customers to align their strategic objectives and co-develop a common set of values and visions based on shared interests and mutual understandings, which are critical for cognitive capital development (Matthews and Marzec 2012). Therefore, we propose the following hypotheses.  
H1: Structural capital positively associates with relational capital.
H2: Structural capital positively associates with cognitive capital.
2.4.2 The impact of relational capital on mass customization and product innovation capabilities  
Relationship capital increases behaviour transparency in supply chains and encourages a manufacturer and its customers to engage in collaboration (Yeung et al. 2009; Zhang and Huo 2013). Customers are more likely to share private knowledge with the manufacturer. Such knowledge enables the manufacturer to modularize products and processes, apply pull production and integrate its operations with customers, which results in a flexible supply chain with fast and reliable deliveries of the right product at the right time (Tu et al. 2004; Zhang, Zhao, and Qi 2014). Relational capital can lead to customer loyalty and then customers are more willing to participate in a manufacturer’s internal operations, which helps the manufacturer to grasp the heterogeneity of, and changes in, customer demands at low cost (Salvador, de Holan, and Piller 2009; Zhang and Huo 2013). Such knowledge enables the manufacturer to design product platforms to co-develop with customers and increases the degrees of product modularity and postponement (Yeung et al. 2007; Tu et al. 2004).  In addition, the manufacturer can incorporate customers’ voices into the design and manufacturing processes, which enable the manufacturer to align what it can deliver with the variety of products that customers want on a timely basis, and adjust its operations and solution space designs accordingly (Lai et al. 2012; Piller 2004).     
Trust and commitment can reduce a manufacturer’s perception of  opportunism and the manufacturer is then more willing to explore opportunities without worrying that it will be taken advantage of by customers (Inkpen and Tsang 2005; Ireland and Webb 2007). Relational capital plays a significant role in governing business relationships and solving conflict, which reduces the need for costly controls within supply chains (Villena, Revilla, and Choi 2011; Matthews and Marzec 2012). Relational capital also provides appropriate incentives to foster investment in collaborative innovation activities, such as connected information systems, cross-boundary teamwork and co-location of research facilities (Nambisan 2002; Yeung et al. 2009). It increases the openness to criticism and uncertainties, and the tolerance of failures and losses, which help a manufacturer to ‘think out of the box’ (Ganesan 1994; Brown, Lusch, and Nicholson 1995). The manufacturer is then more likely to explore novel and creative ideas about new products, which are profitable but risky (Kim, Kumar, and Kumar 2012). Relational capital allows partners to adjust collaboration according to environmental changes and make additional investments, which play a critical role in dealing with the complexity, uncertainty and unpredictability associated with innovation-oriented activities (Wang, Yeung, and Zhang 2011; Lettice, Wyatt, and Evans 2010). Therefore, we propose the following hypotheses. 
H3a: Relational capital positively associates with MCC.
H3b: Relational capital positively associates with PIC.
2.4.3 The impact of cognitive capital on mass customization and product innovation capabilities
 Common language, codes and concepts improve the capabilities for information processing and reduce the potential misunderstandings during knowledge exchange between a manufacturer and its customers (Trentin, Forza, and Perin 2012). They allow the manufacturer to better identify and understand customer needs, such as what is preferred, why, and how much the customer will pay for customization, and therefore, the manufacturer can make better decisions about the variety, feature, quality and functionality of products (Inkpen and Tsang 2005; Lai et al. 2012).  Cognitive capital also enables customers to provide feedback on a manufacturer’s internal operations directly, such as platform, equipment, and component and module design and production, which improves process effectiveness (Huang, Kristal, and Schroeder 2008). Shared culture, values and beliefs help a manufacturer to reach a deeper understanding of customers’ requirements and preferences, and to focus on the product attributes and features that truly matter to them (Da Silveira, Borenstein, and Fogliatto 2001). Shared objectives and a common vision ensure that there are aligned expectations for collaboration, which decreases the barriers for eliciting customer knowledge. This alignment also facilitates the manufacturer to assimilate and implement the knowledge acquired to improve operations together with customers (Tsai and Ghoshal 1998). Cognitive capital allows a manufacturer and customers to develop overlapping knowledge bases and a common understanding about market demands and technology trends, which facilitates the design and improvement of solution spaces and enhances MCC (Salvador, de Holan, and Piller 2009; Piller 2004).
Cognitive capital enables a manufacturer to identify unfulfilled market demands and local customers’ special requirements (Zahra and George 2002). It also helps the manufacturer and customers to align their roles and responsibilities in information sharing, knowledge absorption and joint product development (Matthews and Marzec 2012). The manufacturer can therefore outsource the design of products or components to customers, which reduces costs and lead-times in product innovation (Almirall and Casadesus-Masanell 2010). Shared objectives ensure that there are common expectations about the outcomes of collaborative product development between a manufacturer and its customers (Adler and Kwon 2002). Shared values and meanings allow a manufacturer to gain access to customers’ skills and experiences that can be difficult to transfer across organizational boundaries. This knowledge facilitates the manufacturer to learn about novel applications of existing technologies and to develop creative ideas about product concepts and features, which can help it to localize foreign products and technologies (Zahra and George 2002). Cognitive capital also helps a manufacturer to establish compatible technological trajectories, market forecasting and product development strategies with customers, which reduce some of the risks and uncertainties in joint product development (Nahapiet and Ghoshal 1998; Inkpen and Tsang 2005). Therefore, we propose the following hypotheses. 
H4a: Cognitive capital positively associates with MCC.
H4b: Cognitive capital positively associates with PIC.
2.4.4 The impact of mass customization capability on product innovation capability 
MCC improves a manufacturer’s operational capabilities along multiple dimensions (Huang, Kristal, and Schroeder 2008; Liu, Shah, and Schroeder 2012). In particular, customization responsiveness improves a manufacturer’s ability to reduce total lead-times for customized product delivery and to reorganize production processes quickly in response to customization requests (Tu, Vonderembse, and Ragu-Nathan 2001). Flexible and responsive processes enable the manufacturer to adjust production according to new product designs quickly, which increases new product introduction speed. Customization quality improves a manufacturer’s ability to manage and guarantee the quality level of every customized product (Liu, Shah, and Schroeder 2006). Product innovation is usually associated with increased production variety and complexity (Almirall and Casadesus-Masanell 2010). Customization quality ensures that new products can be manufactured with consistent quality and so the manufacturer can avoid the costs and delays caused by quality problems (Kim, Kumar, and Kumar 2012). In addition, the use of common parts and modules also enables the manufacturer to share product development costs across multiple product lines (Tu et al. 2004).  
Customization cost efficiency improves a manufacturer’s ability to provide differentiated products at a price similar to mass production, and high-volume customization improves a manufacturer’s ability to transform individual customer’s demands into large-batch common parts production (Tu, Vonderembse, and Ragu-Nathan 2001). These two capabilities enable the manufacturer to aggregate customers’ preferences and to identify the commonalities among customer demands and the changes in markets. The manufacturer can acquire and accumulate knowledge for the redesign of modules or core components and/or the linkages between them, which improves both radical and incremental innovation (Henderson and Clark 1990). Mass customization is customer centric and there is empirical evidence that MCC is generally associated with greater value to customers and customer satisfaction (Liu, Shah, and Schroeder 2012; Tu, Vonderembse, and Ragu-Nathan 2001). Customers are thus more willing to share their feedback, suggestions and ideas with mass customizers. MCC can therefore enhance a manufacturer’s knowledge stock on customers. The theory of absorptive capacity argues that  priori relevant knowledge is a prerequisite for learning and is the basis for innovation (Cohen and Levinthal 1990). Hence, relevant market knowledge gives rise to creativity and facilitates a manufacturer to generate new product ideas by associating and linking new technologies with customer demand (Zahra and George 2002; Tsai 2001). Therefore, we propose the following hypothesis.  
 	H5: MCC positively associates with PIC.
The conceptual model and all proposed hypotheses are provided in Figure 1.
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3. Methodology 
3.1 Questionnaire design
Based on the relevant literature, a survey instrument was designed to measure a manufacturer’s structural, relational and cognitive capital with customers, MCC and PIC. In addition, the questionnaire included the demographic profile of the manufacturers (industry, ownership and size). A multiple-item, 7-point Likert-type scale (1 = ‘strongly disagree’; 7 = ‘strongly agree’) was employed for all constructs.  The scales, which consist of 19 measurement items, are listed in the appendix.
 Structural capital was measured using three items regarding formal and informal social events and interactions with customers (Nahapiet and Ghoshal 1998; Villena, Revilla, and Choi 2011). They were developed based on Tsai and Ghoshal (1998) and Carey, Lawson, and Krause (2011). Relational capital was measured using four items regarding trust and relationship commitment with customers (Nahapiet and Ghoshal 1998; Tsai and Ghoshal 1998). They were developed based on Brown, Lusch, and Nicholson (1995) and Ganesan (1994). Cognitive capital was measured using three items regarding shared objectives, values and culture, and common language and codes between a manufacturer and customers (Nahapiet and Ghoshal 1998; Villena, Revilla, and Choi 2011). They were developed based on Carey, Lawson, and Krause (2011). All of the social capital items were adapted for the buyer-supplier relationship. The informants were asked to assess the social capital with their main customers.  
  We adopted five items from Lai et al. (2012) and Liu, Shah, and Schroeder (2012) to measure the four aspects of MCC.  PIC was measured using four items for both radical and incremental product innovation. They were developed based on Damanpour (2010) and Kim, Kumar, and Kumar (2012). The informants were asked to evaluate MCC and PIC by comparing with their main competitors.
The English version of the questionnaire was first developed and subsequently translated into Chinese by an operations management professor. The Chinese version was then translated back into English by another professor. This translated English version was then checked against the original English version for any discrepancies, and adjustments were made to reflect the original meaning of the questions in English. The questionnaire was pilot tested using a sample of 13 firms. The researchers discussed the survey questions face-to-face with managers after they filled out the questionnaire and clarified the meaning of the questions with them. When there was any confusion, the wording of the questions was modified. 
3.2 Sampling and data collection 
          To test the proposed hypotheses, manufacturing firms were randomly selected from four industries (i.e., textile and apparel, electrical appliances, electronics and communication equipment, and automobile) in four major areas (i.e., Pearl River Delta, Yangtze River Delta, Bohai Sea Economic Area and Central China) representing the national economy of China (Zhao, Flynn, and Roth 2006). We used the database provided by CSMAR Solution (http://csmar.gtadata.com/) as the sampling frame. 
After pilot-testing the questionnaire, it was decided to use one key informant per firm, who has the knowledge of customer relationship management and is familiar with product development and manufacturing processes. Such key informants include marketing managers, production managers, R&D managers, presidents, senior executives and directors. We sent questionnaires to 1,460 randomly selected firms, but 133 of them were returned unopened. We finally collected 276 usable questionnaires. The response rate is therefore 20.8%. The sample demographics are shown in Table 1.
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Since we obtained data from a single survey, common method bias might be a concern. Following Podsakoff  et al. (2003), we performed the Harman’s single-factor test on the variables of social capital, MCC and PIC using exploratory factor analysis (EFA). The results show 5 distinct factors with eigenvalues above 1.0, explaining 68.29% of total variance, and the first factor does not explain the majority of the total variance, which are acceptable for our study where constructs are correlated, both conceptually and empirically. To further assess common method bias, confirmatory factor analysis (CFA) was also applied to perform the Harman’s single-factor test. The model fit indices are χ2(153)=1080.284, Comparative Fit Index (CFI)=0.621, Tucker Lewis Index (TLI)=0.576, Root Mean Square Error of Approximation (RMSEA)=0.148 and Standardized Root Mean Square Residual (SRMR)=0.141, which are unacceptable and significantly worse than those of the measurement model (Hu and Bentler 1999). The results suggest that no single or general factor emerged. In addition, we sought to use multiple items for each construct, which can alleviate concerns for potential biases, since biases tend to be more problematic at the item level than the construct level.  
4. Analysis and results 
4.1 Measurement analysis 
 Reliability and validity of the constructs are assessed using both EFA and CFA. First, we employ EFA to test the unidimensionality of the scales, followed by Cronbach’s alpha and composite reliability for assessing construct reliability (Fornell and Larcker 1981). EFA with principal components analysis and varimax rotation with Kaiser Normalization is used. Three dimensions of social capital, including structural, relational and cognitive capital, and two types of capabilities, including MCC and PIC, emerge.  The social capital, MCC and PIC explain 68.29% of the total variance. Measurement items all have strong loadings on the construct they are supposed to measure, and lower loadings on the constructs they are not supposed to measure, thereby demonstrating unidimensionality (Table 2). The Cronbach’s alpha values range from 0.70 to 0.89 and the composite reliabilities range from 0.83 to 0.92 (appendix), which are all above the recommended threshold value of 0.70 (Nunnally and Bernstein 1994). Both composite reliability and Cronbach’s alpha indicate that all constructs are reliable.
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We use CFA and average variance extracted (AVE) to assess the convergent and discriminant validity. All of the AVE values are above the recommended value of 0.50 (ranging from 0.58 to 0.75) (appendix), thereby demonstrating adequate convergent validity (Fornell and Larcker 1981).  We also construct a CFA model using the AMOS 18 program. In the model, each item is linked to its corresponding construct, and the covariance among those constructs is freely estimated. The goodness of fit indices for the model are χ2(142)= 312.677, CFI=0.930, TLI=0.916, RMSEA=0.066, and SRMSR=0.054, which are better than the threshold values recommended by Hu and Bentler (1999). Generally, a construct that has either a loading of indicators of at least 0.5, a significant t-value (t > 2.0), or both is considered to be convergently valid (Fornell and Larcker 1981). For our model, the factor loadings range from 0.559 to 0.862, and the t-statistics of the factor loadings are all significant at the p < 0.01 level (appendix). Therefore, convergent validity is achieved.
Discriminant validity is assessed by comparing the square roots of the AVE of each construct with the correlations between the focal construct and each other construct.  A square root higher than the correlation with other constructs suggests discriminant validity (Fornell and Larcker 1981).  Table 3 shows the mean and standard deviations of the constructs and their correlations. Comparison of all of the correlations and square roots of the AVEs on the diagonal indicates adequate discriminant validity for all constructs. In addition, constrained CFA models are built for each possible pair of constructs in which the correlation of this pair is fixed to 1. The models are subsequently compared to the original unconstrained model, in which the correlations among constructs are freely estimated. A significant difference of the chi-square statistics between the constrained and unconstrained models will indicate discriminant validity (Fornell and Larcker 1981). In this study, all of the differences of χ2 between the constrained and unconstrained model are significant at the 0.01 level. As such, discriminant validity is achieved.
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4.2 Hypothesis testing  
Structural equation modeling is used to estimate the relationships among the constructs. The estimates are generated using the AMOS 18 program with the maximum likelihood estimation method, and are shown in Figure 2. The goodness of fit indices for the model are χ2(145)=331.545, CFI=0.924, TLI=0.910, RMSEA=0.068 and SRMR=0.058, which indicate that the model can be accepted (Hu and Bentler 1999). The results show that structural capital significantly enhances relational (β =0.773 p<0.01) and cognitive (β =0.789 p<0.01) capital, supporting H1 and H2.  We find that relational capital significantly contributes to PIC (β =0.268 p<0.01), but its impact on MCC is insignificant. Cognitive capital significantly improves MCC (β =0.520 p<0.01), but its effect on PIC is insignificant. Thus, our results support H3b and H4a, but H3a and H4b are not supported.  The results also show that MCC has a significant impact on PIC (β =0.472 p<0.01), supporting H5. 
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To further explore the impact of structural capital, we examine its indirect effects on MCC and PIC with their significance levels determined by the bias-corrected bootstrap method using a 95% confidence level and employing 2000 samples (Preacher and Hayes 2008).  The results show that the standardized indirect effect of structural capital on MCC is 0.475 (p<0.01) and on PIC is 0.521 (p<0.01). Hence, structural capital significantly indirectly associates with MCC and PIC. 
We then use Baron and Kenny’s (1986) method to investigate the impact of cognitive capital on PIC and the mediating role of MCC. We build a model based on Figure 1 and the only difference is that the MCC construct is deleted. The model is used to test the direct impact of cognitive capital on PIC.  The goodness of fit indices for the model are χ2(73)=185.014, CFI=0.939, TLI=0.923, RMSEA=0.075 and SRMR=0.056, which indicate that the model can be accepted (Hu and Bentler 1999). The results show that both relational (β=0.306 p<0.01) and cognitive (β=0.360 p<0.01) capital significantly influence PIC. The results in Figure 2 show that cognitive capital significantly enhances MCC, and MCC significantly improves PIC.  After we include MCC, the direct effect of cognitive capital on PIC becomes insignificant.  Therefore, we conclude that MCC fully mediates the impact of cognitive capital on PIC. 
5. Discussion and conclusions
         The results indicate that relational capital with customers does not affect MCC. Mass customized products are usually manufactured by reconfiguring modules constrained by a solution space (Salvador, de Holan, and Piller 2009). The customization options are limited to certain product features such as fit, style and functionality, and therefore a manufacturer only requires explicit demand information from customers (Piller 2004). There is no need for the customers to invest in relationship specific assets for knowledge exchange. Researchers have found that advanced web-based information systems, such as product configurators, choice navigation and co-design platforms, can efficiently facilitate the interactions with, and the elicitation of knowledge from, customers for mass customization (Salvador, de Holan, and Piller 2009; Jitpaiboon et al. 2013). Hence, the benefits gained from motivating customers to build relational capital for MCC development are limited. Establishing and maintaining relational capital requires considerable investment (Villena, Revilla, and Choi 2011) and so the costs of relational capital may counteract its benefits on MCC development.  
We find that MCC fully mediates the effect of cognitive capital on PIC. Chinese manufacturers lack the advanced knowledge and technologies for ground-breaking inventions, but have developed sophisticated and flexible supply chains (Breznitz and Murphree 2011). They rely on manufacturing capabilities to reduce the costs and lead-times for product innovation, which is mainly based on copying and localizing Western products with new features for Chinese markets (Economist 2013, 2014). As a set of operational capabilities, MCC enables a manufacturer to overcome performance trade-offs and achieve multiple operational priorities at the same time, which reduce the costs and lead-times of new product development and introduction (Liu, Shah, and Schroeder 2012; Zhang, Zhao, and Qi 2014). Common language and codes can facilitate learning from customers (Huang, Kristal, and Schroeder 2008) and support customer focused product design (Kristal, Huang, and Schroeder 2010). A shared vision and objectives can promote customer integration and customer involvement (Lai et al. 2012). These are all critical practices for MCC development. However, cognitive capital may also lead to groupthink and a manufacturer and its customers may become too homogenous, which might result in collective blindness (Villena, Revilla, and Choi 2011). The manufacturer may not be able to learn creative expertise and acquire non-redundant knowledge and novel ideas from customers, which diminishes cognitive capital’s impact on PIC (Carey, Lawson, and Krause 2011; Adler and Kwon 2002).  Hence, MCC carries cognitive capital’s impact on PIC. 
Our results show that structural capital indirectly associates with PIC and MCC. Structural capital provides a manufacturer with access to more customers for knowledge acquisition.  However, there is no guarantee that customers are willing to provide knowledge through social interactions, especially in an emerging market that is characterised by underdeveloped intellectual property right laws and ineffective legal enforcement systems (Zhou and Poppo 2010; Li, Wang, and Liu 2011). Customers may not share knowledge with a new partner even if there are high levels of structural capital between them, since formal contracts may not be able to protect their interests  (Wang, Yeung, and Zhang 2011). The main role of structural capital is to enable a manufacturer and customers to build relationships and become familiar with each other, which contributes to the development of relational and cognitive capital (Tsai and Ghoshal 1998; Cousins et al. 2006; Carey, Lawson, and Krause 2011). The empirical findings for the effects of structural capital on performance outcomes are mixed. For example, Carey, Lawson, and Krause (2011) fail to identify a significant direct relationship between structural capital and cost improvement; and Villena, Revilla, and Choi (2011) find that structural capital has no significant effect on operational performance. Our study shows that this may occur because structural capital enhances performance indirectly through relational and cognitive capital. Our results reveal that structural capital builds a foundation for a manufacturer to develop collaborative relationships with, and acquire knowledge from, customers. The three dimensions of social capital are not independent and a manufacturer should develop them simultaneously to capture their synergetic effects on MCC and PIC.  
This study contributes to the literature in three ways. First, we contribute to the mass customization literature by providing empirical evidence on the joint effects of structural and cognitive capital with customers on MCC development. Researchers have argued that mass customization requires a manufacturer to build cooperative relationships with customers (e.g., Salvador, de Holan, and Piller 2009; Da Silveira, Borenstein, and Fogliatto 2001). However, the majority of existing empirical studies only focus on the effects of customer-facing technical systems on MCC development (Trentin, Forza, and Perin 2012). This study enriches current literature by exploring the impacts of the social aspects of customer collaboration on MCC and clarifying how close relationships should be developed. Existing empirical research only focuses on MCC’s value to customers and performance, and there is limited empirical evidence on its benefits for organizational capability development (Liu, Shah, and Schroeder 2012; Tu, Vonderembse, and Ragu-Nathan 2001). We fill this void by showing that MCC also improves a manufacturer’s PIC, which enhances the current understanding of how MCC creates higher value for a manufacturer. 
Second, we contribute to the product innovation literature by providing empirical evidence that the three dimensions of social capital contribute to PIC in different ways. Such results extend the current understanding of how Chinese manufacturers innovate and the impacts of institutional and business environments in an emerging market on product innovation (Economist 2014, 2013). In particular, the under-developed institutional and legal environments cause Chinese manufacturers and customers to rely on relational capital to manage knowledge exchange and collaborative innovation. They also require structural capital to build trust and commitment in a relationship and hence structural capital indirectly associates with PIC. The lack of technological R&D capabilities causes Chinese manufacturers to rely on manufacturing capabilities to reduce the costs and lead-times for customer-focused product imitation and so MCC fully mediates the impact of cognitive capital on PIC. The findings clarify the mechanisms through which social capital with customers contributes to PIC development and provides guidelines on how to cooperate with customers to obtain their knowledge and skills for product innovation.  
Third, this study offers empirical evidence on the individual and synergic effects of the three dimensions of social capital on manufacturers’ MCC and PIC development, which contributes to the social capital literature (Matthews and Marzec 2012). Our findings show that structural capital positively associates with relational and cognitive capital, and improves MCC and PIC indirectly through relational and cognitive capital. Such results enrich our understanding of the complex interrelationships that exist between structural, relational and cognitive capital and their different roles in building a manufacturer’s organizational capabilities (Adler and Kwon 2002). Hence, we suggest that researchers should take a holistic perspective on the social capital embedded in relationships and explicitly consider the interrelationships between structural, relational and cognitive capital when investigating their effects on collaboration and knowledge transfer in a network.   
          This study also provides managerial guidelines about how to develop MCC and PIC by investing in social capital with customers. Practitioners in China can benefit from our results by understanding how to offer customized and innovative products at low cost. First, we suggest that managers could focus on building cognitive and structural capital with customers for MCC development. To develop cognitive capital, managers could share manuals and technical documents with customers frequently. Training programs could also be organized to help customers to understand the manufacturer’s operations. When developing long-term strategies, managers could consider customers as part of the big picture and adjust business strategies to align objectives and goals with them. To develop structural capital, managers could organize formal and informal social events, such as workshops, conferences, exhibitions, meetings and parties to encourage social interactions with customers. We also suggest that managers should develop standard operating procedures to formalize pre-sale and after-sale customer visits. Second, we suggest that a manufacturer could build structural, relational and cognitive capital with customers simultaneously for PIC development. Besides practices that lead to cognitive and structural capital, we suggest managers could make relationship specific investments, such as integrated information systems, cross-boundary teams, synchronized processes and co-located facilities, in collaboration with their customers, which will enable them to build relational capital. We also suggest that manufacturers could adopt manufacturing practices, technologies and systems that can improve MCC, such as time-based manufacturing practices (Tu, Vonderembse, and Ragu-Nathan 2001), modularity in product and process design (Tu et al. 2004), postponement (Yeung et al. 2007), supply chain learning (Huang, Kristal, and Schroeder 2008), supply chain integration (Lai et al. 2012; Liu, Shah, and Schroeder 2012), quality management (Kristal, Huang, and Schroeder 2010) and information technologies (Jitpaiboon et al. 2013; Trentin, Forza, and Perin 2012) for developing PIC.  Third, this study also benefits managers in developed countries. China is a very important market for Western manufacturers. Our analysis could help Western manufacturers to understand how to invest in social capital with customers to obtain knowledge about local markets. This helps engineers to localize Western-designed products by removing unwanted functions and developing new features to fulfil local demand and reduce prices.  
	While this study makes significant theoretical and practical contributions, it also has limitations that open up avenues for future research. First, although this study provides some interesting findings on the relationships between social capital, MCC and PIC in China, we cannot ascertain whether these relationships are the same in other countries with different cultural and business environments. Future research could examine the cross-country differences. Second, the impact of social capital might be influenced by political and institutional environments (Zhou and Poppo 2010). Investigating the influences of institutional forces, such as government support and legal protection, on the effect of social capital would be an interesting topic. Third, the industrial context, such as customization type and product characteristics, may affect the adoption and implementation of mass customization (Da Silveira, Borenstein, and Fogliatto 2001). Future studies could extend our findings by explicitly investigating the effects of industrial situations on MCC development. Last but not least, researchers have argued that besides trust and commitment, other relationship characteristics, such as power, also influence supply chain collaboration (Yeung et al. 2009; Ireland and Webb 2007).  Future research could investigate how power influences collaborative innovation and knowledge exchange.  
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Appendix Measurement items
	
	Factor loading  

	Product innovation capability C.R.= 0.92   α=0.89  AVE=0.75*
	

	PIC1: We are highly capable of radical product innovation
	.815

	PIC2: We are highly capable of  incremental product innovation
	.862

	PIC3: We can design new products that differ substantially from our existing products based on new technologies 
	.740

	PIC4: We can introduce new products quickly
	.835

	Mass customization capability  C.R.= 0.87  α=0.82  AVE=0.58
	

	MCC1: We are highly capable of large-scale product customization
	.693 

	MCC2: Our capability for responding quickly to customization requirements is very high 
	.559 

	MCC3: We can customize products while maintaining high volume 
	.696 

	MCC4: We can add product variety without sacrificing quality
	.762

	MCC5: We can easily add significant product variety without increasing costs
	.731

	Relational capital C.R.= 0.89  α=0.83 AVE= 0.66
	

	RC1: Our customers have considered our interests when they made decisions  
	.820

	RC2: We feel that our customers have been on our side 
	.753

	RC3: Our customers have made sacrifices for us in the past
	.579

	RC4: We feel that our customers view us as being an important ‘team member’, rather than our being just another supplier  
	.805

	Cognitive capital  C.R.= 0.89  α=0.81 AVE=0.72
	

	CC1: We and our customers have compatible objectives and visions
	.755

	CC2: We and our customers have shared values and culture
	.823

	CC3: We and our customers have common understandings about concepts and codes
	.706

	Structural capital  C.R.= 0.83  α=0.70  AVE=0.62
	

	SC1: Our employees frequently interact with customers 
	.653

	SC2: We frequently invite our customers to attend informal social events (e.g., games, lunch and party)  
	.613

	SC3: We frequently invite our customers to attend formal social activities (e.g., new product exhibition, workshop and training) 
	.693


Note: * C.R.—composite reliability; α— Cronbach’s Alpha ;  AVE— average variance extracted
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