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Abstract

:

In the global trend of sustainable development and tightening legal environment, enterprises need to integrate their various resources to promote green innovation and organizational performances. This study conceptualizes green information system (IS) infrastructure as the hardware resource and green culture as the software resource. Based on the resource-alignment perspective, it examines their direct effects on green innovation effectiveness as well as indirect effects through the mediation of IS-culture fit, innovation-IS fit and innovation-culture fit. Survey observations were collected from over 300 organizations in China, the largest emerging economy under tremendous ecological and developmental pressures. The results suggest that green IS infrastructure and green culture has positive direct impacts on green innovation effectiveness. Meanwhile, innovation-IS fit, innovation-culture fit and IS-culture fit serve as positive, negative and non-significant mediators, respectively. In addition, a multi-group analysis reveals that organization size moderates the mediating rather than direct relationships, and small/medium and large enterprises face their own pros and cons in green innovation. Theoretical and practical implications of the findings are discussed.
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1. Introduction



“Green, green, it’s green, they say on the far side of the hill. Green, green, I’m going away to where the grass is greener still.”



—Johnny Rivers





To leave a green world to later generations, sustainable development is the only viable path. In the current global advocacy of green economy, each country faces the environmental challenge to keep up in the “green race” [1]. In this context, technology-based green innovation at the organizational level is widely regarded as the essential means to the end of ecological competitiveness [2,3,4,5,6]. Many studies have confirmed that the implementation of green innovation not only helps the environment, but also contributes to organizational performance, competitiveness, and corporate green image or brand [7,8,9,10].



Among the studies that examined the organizational performance related to green innovation, some include its adoption drivers as the antecedents [11,12,13]. For those organizations that have decided to adopt or are in the process of implementing green innovation, however, it is also important to understand what existing factors and conditions may affect green innovation practice and effectiveness. Researchers identify the relevant factors and conditions as follows: absorptive capacity [14], stakeholders and culture [15], green organizational identity [16], corporate environmental ethics [4], and green intellectual capital [8]. In particular, the emergence of green information systems (IS) is seen as an important organizational resource that contributes to the well development and functioning of green innovation [17,18,19].



A case study suggested that the success of organizational innovations depends on the mutual alignment between new technologies and pre-existing conditions such as organizational culture and structure [20]. Though researchers have examined green culture and green IS quite extensively, there is a lack of empirical findings on the alignment between them. Thus, the main purpose of this study is to investigate the synergetic effect of technological and cultural factors on green innovation.



Organizations need to assemble and integrate capabilities/resources into manageable bundles [21]. Such organizational capabilities cannot be evaluated in isolation as their values manifest through mutual integration and interplay [22]. In addition, organizational innovation research reveals that organizational culture also plays an important role [23,24,25,26]. Despite the presence of a few studies on green culture [27,28], it has not been examined together with other organizational capabilities, especially green IS.



From a holistic perspective, this study aims to examine the relationships among green innovation, IS and green culture. In addition to the direct effects that green IS and green culture may have on green innovation, there are potential indirect effects through the mediation of the alignments between two of them. Based on literature review, this study develops a research model and tests it with empirical observations collected from organizations. The findings may enrich the green innovation literature by examining the roles of green IS and green culture together, and provide helpful insights for organizations to integrate their cultural, technological and innovative efforts in their green endeavor.




2. Key Components of Green Endeavor


2.1. Green Innovation


In recent years, green innovation has captured the attention of researchers and practitioners as an emerging organizational innovation. The appearance of the term is rooted in eco-innovation concept that describes “new products and processes which provide customer and business value but significantly decrease environmental impacts” [29]. Since then, there have been quite a few studies on the topic with the same or similar terms such as environmental innovation and sustainable innovation [30,31,32,33,34,35,36,37,38]. Largely synonymous and interchangeable, these terms can be categorized under the umbrella term of “green innovation”.



There are different types of innovations towards sustainable development, such as: technological innovation, organizational innovation, institutional innovation and social innovation [39]. Organizational innovation requires the integration of hardware (e.g., technological infrastructure) and software (e.g., organizational culture) resources in an organization to cope with different innovation types (e.g., radical vs. incremental) and modes (e.g., component vs. architectural) [40]. Therefore, green innovation is a complex organizational endeavor that has been examined in different contexts, such as green research and development [41], green supply chain management [42], green corporate image [43] and green organizational identity [16].



Researchers mainly investigate green innovation from three aspects: its own components (i.e., construct dimensions), antecedents (i.e., explanatory variables), and consequences (i.e., outcome variables). The primary challenge for empirical studies is in construct measurement, especially for the multi-dimensional construct of green innovation. In addition to the direct ecological effort, the green innovation also requires necessary changes in products, processes, and organizational structures [44]. Thus, it is not appropriate to measure green innovation as a unidimensional construct. For instance, the measurement of eco-innovation should include four aspects: input, intermediate output, direct output and indirect impact [44]. A similar analytical framework explores the diversity of eco-innovations along several key dimensions including design, user, product service and governance [45]. Despite the difference in details, it is clear that green innovation is a multidimensional concept including technical and non-technical elements.



In addition, researchers are interested in the factors that affect green innovation, or its antecedents. Green innovation may involve the factors at different levels, and organization-level factors play a fundamental role in comparison with industry-, region-, and country-level factors. Organizational factors deserve close attention because the green innovation effort is never purely policy-driven, but a result of balancing between long-term sustainability and short-term profitability in managerial praxis [11,38]. Organizations need to get ready internally for green innovation to embrace the external challenges and opportunities of environmental regulations and market demands [11]. Empirical evidence confirmed that a firm’s internal initiatives, environmental regulations and market demands are all important to its green innovation success [12,46]. According to the technology–organization–environment (TOE) framework, technical characteristics such as complexity, relative advantage, and compatibility also affect green innovation adoption in addition to organizational, market and regulatory factors [13].



Green innovation is likely to have different implications on the consequences from general innovation as well. Most existing studies treated green innovation as one subtype of general organizational innovation without paying much attention to its unique features and impacts, such as multi-dimensional performances (e.g., economic, environmental and social), technology support (e.g., green information systems and green supply chain management), and cross-sector collaboration (e.g., suppliers, customers, and stakeholders). This makes it difficult for existing green innovation research to highlight its difference with existing organizational innovation research. However, green innovation differs from general innovation from innovation process and driving factors to consequences and performance [47,48,49]. Because innovation processes within enterprises targeting higher environmental goals are somewhat unique from those motivated by other objectives, green innovation is more challenging than other types of organizational innovation [49].



Therefore, green innovation is a complex organizational endeavor that requires the design and implementation of eco-friendly products. In addition to the “hardware” of technological infrastructure, the effort requires the support of “software”, especially the organizational culture related to green innovation, or green culture. The alignment between such hardware and software largely determines whether green innovation is successful or not [40].




2.2. Green Culture


Extant literature studies the effects of organizational culture on green innovation from different aspects. First, it is found that green culture affects employees’ awareness related to green innovation in terms of their own orientations toward and perceived organizational commitment to green endeavors [50]. Employees in organizations of which the culture is aligned with the ecological movement are likely to participate in sustainability effort, leading to enhanced organizational performances and positive environmental impacts.



Regarding the relationship between green culture and organizational strategy, researchers found that strong environmental culture helps organizations implement green strategy [51]. Moreover, how well environmental values are integrated into organizational culture influences the effect of green strategy on ecological and business performance [52]. Organizational culture comprises different aspects that play different roles in environmental/sustainability management, and organizations need to cultivate green culture to guide employee behavior in different aspects of their collective effort [53]. A case study of nine companies in various industries analyzed how they defined, developed, and integrated sustainability into organizational culture and strategy as well as employees’ mentality, and gave a practical guidance on how organizations build green culture by taking advantage of their unique capabilities, knowledge and purposes to cater to both long-term sustainability goal and short-term profitability requirement [28]. Another study in the healthcare field found that the transformation of organizational cultures is inseparable from employee involvement, innovation effort, new decision-making models and an infrastructure for significant cultural changes [27].



The theories of organizational innovation suggest that organizations’ internal factors are essential to green innovation. According to the resource-based view, such internal factors include strategy, structure, and core capabilities [54]. In addition, intangible factors such as personnel-based resources also play the role that cannot be ignored [11]. As an intangible resource, organizational culture is related to the internal climate that supports or impedes organizational creativity and innovation [24,54,55,56]. On the one hand, an organizational culture proactive to green innovation often leads to competitive advantage [57]. On the other hand, bad or mismatched culture may negatively affect the organization’s environmental management, green innovation and relevant performance [53].



From the theoretical perspective, the existing studies highlight the importance of organizational culture to sustainable development and environmental management. However, there is still a lack of empirical studies on the relationship between organizational culture and green innovation. Based on the current literature of organizational culture, therefore, this study will investigate the research question of whether and how green culture may affect green innovation.




2.3. Green IS Infrastructure


Green IS pertains to the establishment and utilization of information systems to facilitate ecological goals with functions such as environment auditing, teleconferencing and virtual collaboration [58,59]. Enabled by green IS infrastructure, the utilization of such functions is conducive to green innovation and corporate sustainability [5]. Whereas organizational culture can be regarded as an intangible “software” resource that provides necessary environment for environmental management, green IS infrastructure can be regarded as a tangible “hardware” resource that enables green IS functions and supports green innovation. Based on the resource-based view, six IS competencies (i.e., IT/innovation governance, business-IS linkages, project management, knowledge management, collaboration, and ambidexterity) can make a difference in the conception, implementation and development of process innovations [60].



There are a few empirical studies on the relationship between general IS and business innovation. An exploratory case study examined the roles that enterprise information systems play in within-organization innovation [61]. For cross-organization innovation, IS may also facilitate the effort by enhancing the communication with other organizations such as suppliers and clients [62], as well as the quality of service through service innovation [63].



Nevertheless, there is still a lack of empirical studies on the relationship between green IS and green innovation. Although green IS and green innovation sharing the common goal of sustainable development, they play different roles in organizations. In addition to the resource-based view that treats green IS as a “hard” resources, the general IT alignment literature has also investigated the relationship between system characteristics and organizational characteristics (e.g., strategy and culture) in terms of how to implementing technology to facilitate and support long-term endeavor [64,65].





3. Mutuality among Key Components


The above literature review suggests that green culture and green IS can be regarded as the soft (i.e., intangible) and hard (i.e., tangible) resources that facilitate the strategic endeavor of green innovation. Regarding the relationships between organizational resources and strategic activities, the general alignment theory provides an overarching framework. There are generally six perspectives of alignment: fit-as-matching, fit-as-mediation, fit-as-moderation, fit-as-profile-deviation, fit-as-covariation, and fit-as-gestalts [66]. Green culture and green IS provides the social environment and technological infrastructure necessary for green innovation, the success of which largely depends on how well the two types of resources meet its requirement. In this sense, fit-as-matching gives appropriate theoretical mechanism and analytical scheme to conceptualize and operationalize the alignment among them, as depicted in Figure 1.



3.1. Organizational Innovation and IS Infrastructure


For organizations, the implementation of information technology (IT) is increasingly seen as the key enabler of organizational innovation rather than just for cost-efficiency consideration [67]. IT may promote innovation as an intellectual technology that interacts with the intellect of the human users [68]. The technology extends the intellects of its users, leading to an ongoing cycle of organizational innovation and change [67].



From the perspective of knowledge management, organizations may facilitate process-, product-, service-, technology- and management-related aspects of innovation by aligning technology with innovation [69]. From an IT capability view, organizations may utilize technological advances to innovate and differentiate, leading to IT-enabled business value [70]. Thus, the implementation of IT promotes the process, service and management innovation in organizations [71,72,73].



Information technology supports organizational innovation through the complex interaction among different factors, rather than a simple technology adoption or diffusion process. A study based on the resource-alignment view confirmed that the interaction between IT capital and innovation yields a positive influence on organizational performances [74]. At the strategic level, the alignment between IT strategy and open innovation strategy is found to enhance organizational performance [65].



To summarize, researchers suggest that organizations need to align technology capability with innovation requirement to achieve optimal resource allocation and competitive advantage. Although there are not many studies on green IS and green innovation, the existing literature concerning the relationship between general IS and corporate innovation still provides a theoretical basis.




3.2. Organizational Innovation and Organizational Culture


Similarly, there are not many studies on the alignment between green culture and green innovation. However, researchers confirmed the significant role that organizational culture plays in organizational innovation [75,76]. The consensus is that organizations should establish a supportive cultural environment conducive to the promotion of innovation [25,26]. Nevertheless, different types of organizational endeavor call for different strategies of cultural cultivation [77]. For instance, adhocracy culture fosters the pioneer strategy to lead the market (e.g., developing new products) and hierarchical culture promotes the imitator strategy to follow a pioneer [26].



Furthermore, organizational culture is a multi-dimensional construct. It is found that the consistency and mission dimensions lead to direction and stability, whereas involvement and adaptability dimensions facilitate flexibility and change [78]. This dual nature requires the cultivation of organizational culture through internal integration, training or learning, and external cooperation or adaptation [79], leading to ambidextrous organizational culture [80]. In terms of organizational innovation, ambidextrous organizational culture affects the development of new products, services and processes through contextual ambidexterity [80]. Once formed, such radical innovation culture is likely to positively impact business performance [81].



Green culture is also likely to have this dual characteristics, namely internally integration of shared vision, and external adaptation to the changes in policy and market. Naturally green culture can be considered as a moderating factor that promotes green innovation if both are mutually aligned.




3.3. IS Infrastructure and Organizational Culture


Following a values-based approach, a literature review on the linkage between IT and culture revealed that the existing research had examined both IT’s impact on culture and culture’s impact on IT, leading to a theory that there is a mutual influence between organizational culture and IT as well as a potential conflict of values [82]. A reorientation of values arises from the reconciliation of the conflict, which requires organizations to appropriately address the relationship between IT value and culture fit.



There are four stages of theory development regarding the relationship between organizational culture and IT infrastructure: (1) technological determinism that IT impacts organizational culture; (2) organizational imperative for cultural adaptation; (3) interactionist view of culture and IT; and (4) emergent process of IT-culture alignment [64]. Although country-level culture is considered relatively stable, organizational culture is considered malleable. Both Stages (3) and (4) suggest the importance of interaction and integration between IT infrastructure and organizational culture for their alignment optimal to corporate performances.



For green innovation, the same logic may apply: green culture and green IS may interact and align with each other through mutual influence and accommodation. In the long term, the implementation and adoption of green IS will shape organizational culture to be more eco-friendly, which will in turn enhance green IS usage at different levels in an organization.





4. Research Model and Hypotheses


Green innovation, green culture and green IS in organizations are closely related to each other, and researchers must examine their relationships in a holistic system rather than separately. The alignment between green innovation and green IS, or innovation-IS fit, captures how well green IS implementation supports the accomplishment of green innovation goal. Once an organization establishes the strategy of green innovation, it needs to implement appropriate green IS functionalities to facilitate the endeavor. A mismatch is likely to prevent employees from fully utilizing green IS to fulfil green innovation. The alignment between green culture and green innovation, or culture-innovation fit, indicates how green innovation is in line with green culture. For example, an organization of a stronger green culture faces less resistance from employees in the adoption of green innovation approaches such as paperless office, electronic workflow and teleconferencing. Meanwhile, such green innovation endeavor may as well strengthen green culture in the long run. Similarly, the alignment between green culture and green IS, or culture-IS fit, reflects the degree of cohesion between green IS implementation and green culture. If an organization has a relatively weak green culture, for instance, it probably needs to take effort to justify green IS expenditure and persuade employees to use the newly implemented functionalities.



As the two different types of foundations, green IS infrastructure and green culture are likely to have direct impacts on green innovation. In addition, there may be indirect effects through the mediation of alignments among the three components of green endeavor. The premise is that if the components are aligned with each other, the supportive roles that green IS infrastructure and green culture play will be optimized in terms of green innovation effectiveness as the outcome variable. The direct and indirect relationships are hypothesized in the research model as shown in Figure 2.



Compared with other types of organizational innovations, green innovation emphasizes the use of technology [38]. For such a technology-enabled innovation, organizational context in terms of size can make a difference as it largely determines resource availability and structural agility [83,84]. It is found that small and medium enterprises are usually more agile but at the same time face more resource constraints than big organizations in adopting technologies [85]. Therefore, organization size is likely to moderate the hypothesized relationships in the model, which are to be discussed in details below.



4.1. Green Culture-Related Hypotheses


Organizational culture is considered essential for the success of an organization, especially in the IT-driven global environment [86]. For sustainable-development-oriented organizations, the establishment of a good green culture enhances environmental management and performance. IS-related organizational culture affects system usage and user behavior [87]. Organizations that establish green culture and implement green IS, therefore, need to pay attention to the alignment between two.



Similarly, organizational culture in many studies is also seen as an important factor that influences organizational innovation [54,55,56]. Certain aspects of organizational culture can significantly affect organizational innovation [88]. This requires innovation-driven organizations to consider the impact of organizational culture and pay attention to aligning organizational culture with innovation activities.



Organizational culture comprises multiple dimensions in terms of adaptability, consistency, involvement, and mission, which play somewhat different roles in organizational effectiveness [78,89]. The same dimensions of green culture also pertain to green innovation [27]. An organization of relatively high level of adaptability tends to change its operation, technology and structure to survive the ecological tide. Consistency and involvement largely determine the efficiency of collective effort of organizational members in green endeavor, as the two dimensions indicate agreement and participation. Finally, mission provides direction and guidance to the collective effort, such as green IS implementation and use, as it is related to an organization’s purpose as shared by employees.



In an organization with a good green culture, therefore, employees are more receptive to green concepts and practices, and more active in green innovation activities. In addition, the organization is more likely to seriously examine and continuously adapt its culture to green innovation. Hence the following hypotheses:



Hypothesis 1 (H1).

Green Culture is positively associated with IS-Culture Fit.





Hypothesis 2 (H2).

Green Culture is positively associated with Innovation-Culture Fit.





Hypothesis 3 (H3).

Green Culture is positively associated with Green Innovation Effectiveness.






4.2. Green IS-Related Hypotheses


In an organization, information system infrastructure and organizational culture are closely related with each other. Claver et al. [24] suggested that system implementation and adoption shape relevant organizational culture in terms of informatic culture and informational culture. The former is a material symbol of the culture that entails the acceptance of using IT as a critical organizational activity, whereas the latter also concerns how employees capture and utilize information and data through organizational behavior.



Southern and Murray [90] believed that the use of IS contributes to a better organizational culture. Meanwhile, Silvius, Smit and Driessen [91] also found that certain aspects of organizational culture such as “governance” and “partnership” play important roles in information system adoption and implementation. Information systems and green culture may combine and form green informational culture, which can be seen as an organizational resource as well as an organizational capacity [92]. When an organization has better IS infrastructure, therefore, it is more likely to achieve the desired alignment between green IS and green culture.



From the resource-based view, information systems provide necessary infrastructure for organizational innovation [60,61]. For cross-organization innovation, information systems facilitate service innovation by enhancing communication and quality of service [62,63]. Green innovation usually involves the collaboration within and cross organizations to accomplish ecological goals, which requires green IS to provide necessary technical support. Therefore, green IS infrastructure is critical to Green Innovation, as indicated in the following hypotheses:



Hypothesis 4 (H4).

Green IS Infrastructure is positively associated with IS-Culture Fit.





Hypothesis 5 (H5).

Green IS Infrastructure is positively associated with Innovation-IS Fit.





Hypothesis 6 (H6).

Green IS Infrastructure is positively associated with Green Innovation Effectiveness.






4.3. Alignment-Related Hypotheses


The basic premise of resource-based view is that an organization must effectively integrate various resources to achieve its managerial goals. Consistent with the ecological modernization theory, environmental innovation strategy and resource alignment between partners have positive impacts on green innovation performance, whereas resource alignment also moderates the relationship between environmental innovation strategy and green innovation performance [93]. The three aspects of green innovation, including green process innovation, green product innovation and green management innovation, all require the effective integration of organizational resources [9,94,95].



Researchers also found that cultural factors as intangible resources make a difference in organization creativity and innovation [24,54,55,56]. Therefore, the establishment of environment-friendly culture consistent with sustainable development objectives facilitates green innovation. Organizational culture comprises the values, principles, traditions and conventions shared by the members of an organization to regulate their behavior [78]. Compared with other tangible organizational resources, therefore, green culture is unique in that it provides a common context for all employees to participate in green activities.



For the same ecological goal, the alignment between green culture and green IS reflects the integration of two tangible and intangible resources, the alignment between green innovation and green culture reflects the integration of intangible resources and business operations, and the alignment between green innovation and green IS reflects the integration of tangible resource and business operations. The degree of alignment or misalignment affects how employees utilize organizational resources and carry out business operations, leading to different levels of performance. Therefore, all aspects of alignment contribute to green innovation in organizations, as hypothesized below:



Hypothesis 7 (H7).

Innovation-Culture Fit is positively associated with Green Innovation Effectiveness.





Hypothesis 8 (H8).

IS-Culture Fit is positively associated with Green Innovation Effectiveness.





Hypothesis 9 (H9).

Innovation-IS Fit is positively associated with Green Innovation Effectiveness.






4.4. Performance-Related Hypotheses


The bottom-line question for green innovation is how it eventually affects organizational performances related to sustainable development. It is found that the product and process aspects of green innovation have direct impacts on environmental performance, whereas the managerial aspect has somewhat more salient influence competitive advantage [9]. More specifically on competitive advantage, researchers found that green innovation activities contribute to operational efficiency and financial outcome in addition to ecological consequence [96,97,98,99]. Therefore, green innovation effectiveness is likely to enhance the environmental, economic and operational aspects of organizational performance, leading to the following hypotheses:



Hypothesis 10 (H10).

Green Innovation Effectiveness is positively associated with Economic Performance.





Hypothesis 11 (H11).

Green Innovation Effectiveness is positively associated with Operational Performance.





Hypothesis 12 (H12).

Green Innovation Effectiveness is positively associated with Environmental Performance.







5. Methodology


To test the research model, this study collected survey observations from organizations that pursue ecological goals in their operations. The target population is the employees of those organizations in China. Known as the “world’s factory”, this largest emerging economy faces the challenge of environment protection and embraces the opportunity of sustainable development.



5.1. Measurement


A survey questionnaire was developed to capture the constructs in the research model from the perspective of employees. Among the nine constructs, three concern different aspects of green endeavor (i.e., green IS, green culture, and green innovation), three pertain to their alignments (i.e., green IS-culture fit, innovation-IS fit and innovation-culture fit), and the other three are about organizational performances (i.e., environmental performance, economic performance and operational performance). In addition to the direct impacts of green endeavor variables, the alignment variables further carry their indirect effects, leading to partial mediations. The operationalization of the constructs, therefore, needs to tap their different natures based on previously validated instruments.



Appendix A lists all the measurement items, which were of five-level Likert scale in the questionnaire. Green IS Infrastructure was measured with items adapted from the study by Gholami et al. [100]. Measures of Green Culture were adapted from Denison and Mishra’s [78] items. Measurement of Green Innovation came from studies by Chen et al. [94], Chiou et al. [9] and Damanpour and Aravind [95]. Measures of different aspects of alignment were derived from Lin and Huang’s [101] scale. Environmental performance was measured with the items developed by Green et al. [102] and Lee et al. [103]. Economic performance scale was originally developed by Daugherty et al. [104]. The measurement of operational performance was based on instruments developed by Gholami et al. [100] and Chiou et al. [9].




5.2. Survey Method and Sample


Under tremendous developmental and environmental pressures, China has tightened its regulations on pollution and emission, especially on the enterprises in big cities. Based on a cluster sampling on the enterprises in Beijing, Shanghai, Guangzhou, and Xi’an, electronic and paper questionnaires were given to the contacts of 500 companies (one per each). At the beginning, there is a filtering question on whether the organization has implemented green IS to facilitate green innovation. For most enterprises in China, being green is not a fashion but a necessity: they either meet the requirement or get phased out. To further minimize the influence of social desirability bias, participants were told that there are no correct or wrong responses and ensured of anonymity and confidentiality.



Altogether, 368 valid responses were obtained, of which 194 were gathered from on-site interviews (53%) and 174 were returned by emails in Word files (47%). Table 1 reports the profiles of participating organizations and respondents. Among the organizations, about 42% were from traditional industries such as manufacturing, energy and real estate, and about 33% were from emerging industries such as logistics, IT and service, with the rest from other industries. About half of them were large organization of 1000 or more employees, and the rest were small and medium enterprises.



Among the respondents, male-to-female ratio was a little bit above two. Almost half of them were from the administration departments, and the rest were from production, marketing, as well as research and development. The distribution of organizational roles reflects the composition of managerial levels in organizations: about 60% were at the operational level, and 40% were at middle and senior levels.



Possible response bias due to different data collection methods was assessed. The MANOVA test comparing on-site versus online responses showed no significant difference (Wilks’ lambda = 0.827, p = 0.196). On-site responses were typically obtained immediately, but online responses usually take some time from several hours to a few weeks after emailed invitations. As the responses were not sensitive to response time, nonresponse bias is not a big concern [105].



This study also evaluates common method bias with Harman’s one-factor test and unmeasured latent method construct technique [106,107,108]. The exploratory factor analysis result on all measures indicated that the first unrotated factor explained 41.269% of total variance (less than 50%), whereas all factors with Eigen value larger than 1 explained 67.088% of total variance. Table 2 reported the confirmatory factor analysis result comparing method-only model, trait-only model, and trait/method model. The trait-only model yielded the best goodness-of-fit, confirming that trait-based variance was stronger than common method variance.





6. Results


Table 3 gives the results of descriptive, reliability and correlational analyses for all the constructs used in this study. On average, the responses were moderately positive as the means were above three (i.e., neutral) but below four (i.e., agree), and exhibited reasonable dispersions as the standard deviations were above 0.5 but below 1. Indicating the internal consistency of responses, all the reliability coefficients were above 0.7. The correlation coefficients were higher among those of the same concepts (i.e., culture, IS, innovation, alignment, and performance) than among others, which also support convergent validity. The evaluation of discriminant validity was based on the comparison between correlation coefficients and the square root of the average variance extracted (AVE). The square root of AVE for each construct was larger than its correlation coefficients with the other constructs, supporting discriminant validity.



In the research model, the three main green constructs in terms of technology, culture and innovation are second-order formative constructs comprising first-order reflective constructs as their indicators. The multicollinearity of formative indicators was assessed to make sure that they are distinct from each other. As shown in Table 4, all the tolerance values were above 0.25 and variance inflation factors (VIF) were below 5. There was evidence for the discriminant validity among formative indicators as they did not co-vary too much with each other in predicting their higher-order constructs.



The main statistical analysis tool used is partial least square (PLS-SEM) to accommodate the reflective-formative higher-order nature of latent constructs [109,110]. Following the common practice of item packaging when reliability coefficients are all acceptable, the index score of each dimension of Green Culture, Green IS Infrastructure and Green Innovation Effectiveness was calculated based on the average of item responses, and used as a formative indicator.



Figure 3 shows the standardized estimates of path coefficients for all the observations. The two control variables, organization size (β = −0.025, p > 0.05) and organization age (β = 0.056, p > 0.05), did not make much difference on the core construct of Green Innovation Effectiveness. Green Innovation Effectiveness had positive effects on all the economic, operational and environmental aspects of organizational performance. The expected results supported the bottom-line premise that green innovation is important for corporate sustainability. The direct effects of both Green IS Infrastructure (β = 0.481, p < 0.01) and Green Culture (β = 0.380, p < 0.01) on Green Innovation Effectiveness were also significantly positive as hypothesized.



Each of the two exogenous variables also contributed to the alignment between them (Green Culture→IS-Culture Fit: β = 0.313, p < 0.01; Green IS Infrastructure→IS-Culture Fit: β = 0.481, p < 0.01) as well as their alignments with Green Innovation in a positive way (Green Culture→Innovation-Culture Fit: β = 0.637, p < 0.01; Green IS Infrastructure→Innovation-IS Fit: β = 0.648, p < 0.01). The effects of three alignment variables on Green Innovation Effectiveness, however, were quite mixed. In terms of their effects on Green Innovation Effectiveness, Innovation-IS Fit (β = 0.152, p < 0.05) was positive and significant, Innovation-Culture Fit (β= −0.113, p < 0.1) was negative and marginally significant, and IS-Culture Fit was not significant (β = 0.008, p > 0.1). Together, the results suggest partial mediation for Innovation-IS Fit and Innovation-Culture Fit, the former as a facilitator but the latter as a neutralizer in terms of their effects on green innovation. There is almost no mediation for the alignment between Green IS Infrastructure and Green Culture, probably due to their counter effect with each other.



Table 5 also reports the standardized estimates of path coefficients for the split samples based on organization size (big vs. small-and-medium). The multi-group analysis indicated that organization size noticeably moderated four of 12 hypothesized relationships. All the four relationships pertained to Green Innovation Effectiveness: three were related to its relationships with alignment constructs and one with Environmental Performance. Whereas none of the alignment constructs had significant effects on Green Innovation Effectiveness for large organizations, Innovation-IS Fit had a significantly positive effect, Innovation-Culture Fit had a significantly negative effect, and IS-Culture Fit had a non-significant effect for small and medium enterprises. The relationship between Green Innovation Effectiveness and Environmental Performance was significantly positive for both groups, but the effect was more salient for big organizations than for small and medium enterprises.




7. Conclusions and Implications


This study investigates the roles that green IS infrastructure and green culture play in green innovation. Based on the literature review, it develops a research model to capture the triadic relationships involving the direct effects of green IS infrastructure and green culture on green innovation as well as their indirect effects through the mediation of mutual alignments among the three. The hypothesized relationships were tested using survey observations collected from organizations in China. The results supported most of the hypotheses, and suggested that the relationships may vary across organizations of different sizes.



The major limitation of this study is that the observations were collected from a single country sample. In China, most organizations either voluntarily or are forced to embrace the opportunity of green innovation and green technology to sustain competitive advantages and comply with regulatory requirements. In this sense, the observations were valid. However, organizational culture may somewhat depend on national culture, which may vary significantly from one country to another [111]. Future studies may conduct cross-country analyses by collecting observations from multiple countries and regions.



Despite the limitations, this study yields some interesting and useful insights for researchers and practitioners. First, it helps answer the question of “what really matters to green innovation?” Compared with previous research, this study includes both green IS infrastructure as tangible resource and green culture as intangible resource. In addition to their direct effects from the resource-based view, it also investigates their indirect effects on green innovation based on the alignment perspective. Existing organizational studies on alignment typically include two factors and the fit between them. The findings based on the triadic relationships contribute to the literature by providing a more comprehensive understanding of how green technology and green culture interact with green innovation. Moreover, this study considered organizational characteristics, and revealed the moderating effect of organization size on the relationships.



The findings confirm that green innovation is indeed an extremely complex phenomenon. For an organization to succeed in achieving the ecological goals, it must establish sufficient green IS infrastructure, and align it with the endeavor. In addition, it must consider the existing organizational culture and cultivate new green culture. Organizations of different sizes may pursue different strategies to align green culture with green innovation and green IS infrastructure.



In particular, the results suggest that innovation-IS fit plays a more critical role than innovation-culture fit and IS-culture fit in maximizing green innovation effectiveness. Though green culture matters in its direct effect on the outcome, its alignments with green innovation and green IS infrastructure have little or even negative impacts. On the one hand, it is important for an organization to nurture green culture for long-term support; on the other hand, it is not worth the effort to adjust the culture to green innovation or technology. The direct practical implication is that decision-makers and managers can just focus on aligning green IS infrastructure with innovative endeavors. If they try to align green culture with green innovation and/or green IS infrastructure, the effort is likely to be neutralized.



The discussion of theoretical implication, on the other hand, requires a more in-depth comparison between technological and cultural resources in the context of green innovation. The formation of organizational culture is based on the uniformity of employee beliefs, and once a culture forms, it further strengthens the uniformity, leading to cultural inertia [112]. In theory, such an inertial force of organizational culture is likely to reduce the potential of IT implementation to engender organizational change [113]. The findings of this study not only provide empirical evidence of the dissonance in cultural alignment with technology and innovation, but also suggest that green culture is still inevitably associated with cultural inertia.



Rather, the IT infrastructure of an organization can be established in a much more flexible way for the purpose of obtaining and retaining competitive advantage in the fast changing world [114]. In this sense, aligning green IS infrastructure with green innovation makes more sense to organizations as it leads to predictable results in the near future. In contrast, when an organization eventually adjusts green culture to green innovation/technology, the endeavor may already have a new focus that demands further adjustment. Therefore, aligning culture to the moving targets of technology and innovation is mostly meaningless or even counter-productive.



Meanwhile, the direct effect of green culture on green innovation effectiveness suggests that organizations should cultivate organizational culture as early as possible to provide the supporting environment. In addition to such an intangible resource for green innovation, of course, organizations need to invest on green IS infrastructure as a tangible resource. The relatively stable cultural environment and relatively dynamic technological environment are both needed for the success of green innovation.



Though organization size does not have a direct impact on green innovation effectiveness (see Figure 3), the former moderates the effects of innovation-culture fit, IS-culture fit and innovation-IS fit on the latter as well as the effect of the latter on the environmental performance (see Table 5). The findings suggest that large and small/medium enterprises have their own advantages and disadvantages in green innovation endeavor. Bigger companies are more capable of integrating intangible cultural resource and tangible IS resource to promote green innovation. This explains why big organizations outperformed small and medium enterprises in terms of environmental performance in the sample. Small and medium enterprises, however, have the upper hand to quickly adopt green IS to support green innovation, yet are more susceptible to the negative effects of possible misalignment. This justifies the positive effect of innovation-IS fit and negative effect of innovation-culture fit for them in this study. The lack of significance of all alignment constructs for big organizations, on the other hand, suggests that they may miss the opportunity to embrace emerging technologies but also avoid bleeding-edge risks.



For policy makers, the findings suggest best practices to motivate and facilitate the green innovation of enterprises. On the one hand, environmental legislations push organizations to initiate green innovation for legal compliance; on the other hand, financial incentives such as tax benefit, low-interest loan and public funding provide a pull for infrastructure upgrade [115,116]. An enterprise needs to absorb and respond to such external incentives for them to take effects. The organization is likely to cultivate its internal green culture to adapt to the external legal environment, and establish its green IS infrastructure with the monetary support. With these two pillars in place, the company will experience less hindrance but gain more momentum in green innovation.
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Appendix A. Measurement Items


Functions of Green IS Infrastructure



Please check the boxes corresponding to the functions of green IS infrastructure that are currently used in your organization for environmental protection and sustainable development:




	☐

	
Energy saving




	☐

	
Paperless office (e.g., email, workflow, ERP)




	☐

	
Online collaboration




	☐

	
Remote meetings




	☐

	
Pollution control




	☐

	
Environmental monitoring




	☐

	
Emissions audit




	☐

	
Green procurement and logistics




	☐

	
Green manufacturing and packaging




	☐

	
Others (please specify): _________________









Green IS Infrastructure



Our organization implements Green IS infrastructure to…



Pollution prevention








	…

	
reduce overall consumption and emissions.




	…

	
reduce overall waste.




	…

	
reduce overall use of hazardous and toxic materials.









Product stewardship








	…

	
make material sourcing and acquisition more environmentally friendly.




	…

	
make product distribution and delivery more environmentally friendly.




	…

	
make product disassembly and remanufacturing routings more environmentally friendly.









Sustainable development








	…

	
facilitate online collaboration (e.g., teleconferencing, electronic workflow) among employees.




	…

	
facilitate green operations across all the departments.




	…

	
facilitate management support and control for sustainable development.




	…

	
facilitate environmental compliance and auditing.









Green Culture



For the purpose of environment protection and sustainable development, …



Involvement








	…

	
most people in our organization have input into the decisions that affect them.




	…

	
collaboration across functional roles is actively encouraged.




	…

	
there is continuous investment in the skills of employees.









Consistency








	…

	
there is a high level of agreement about the way that we do things in our organization.




	…

	
our approach of doing business is very consistent and predictable.




	…

	
there is a clear and consistent set of values that governs the way we do business.









Adaptability








	…

	
customers’ comments and recommendations often lead to changes in our organization.




	…

	
our organization is very responsive and changes easily.




	…

	
learning is viewed critical for organizational improvement.









Mission








	…

	
our organization has a long-term purpose and direction.




	…

	
there is a shared vision of what our organization will be like in the future.




	…

	
we understand what needs to be done for us to succeed in the long run.









Green Innovation Effectiveness



Our organization excels in the following aspects of green innovation: …



Product innovation








	…

	
using less or non-polluting/toxic materials.




	…

	
environment-friendly packaging for products.




	…

	
recovering and recycling end-of-life products.




	…

	
eco-labelling of products (green stickers like “Energy Star”).









Process innovation








	…

	
consuming less resource (e.g., water, electricity, fuel) during production/use/disposal.




	…

	
reducing the emission of hazardous substances or waste during the manufacturing process.




	…

	
recycling, reusing and remanufacturing materials or parts.




	…

	
using cleaner or renewable technology to make savings (e.g., energy, water).




	…

	
reducing the use of raw materials during the manufacturing process.









Management innovation








	…

	
redesigning production and operation processes to enhance environmental efficiency




	…

	
improving products/services to meet new environmental criteria or directives




	…

	
encouraging IT usage (e.g., paperless office) to reach ecological objectives




	…

	
establishing green strategy and ecological initiative




	…

	
adapting organizational structure to the needs of sustainable development




	…

	
enhancing managerial procedures (e.g., carbon footprint tracking) to support ecological decisions.









Alignment



IS-Innovation Fit



In facilitating the green innovation, our organization’s green IS infrastructure is…




	…

	
adequate




	…

	
appropriate




	…

	
compatible




	…

	
helpful




	…

	
valuable









Culture-Innovation fit



In facilitating the green innovation, our organization’s green culture is




	…

	
adequate




	…

	
appropriate




	…

	
compatible




	…

	
helpful




	…

	
valuable









IS-Culture Fit



In facilitating the implementation and operation of green IS infrastructure, our organization’s green culture is




	…

	
adequate




	…

	
appropriate




	…

	
compatible




	…

	
helpful




	…

	
valuable









Organizational Performance



Organizational performance is enhanced in terms of…



Economic performance








	…

	
investment recovery




	…

	
cost containment




	…

	
profitability




	…

	
labour productivity




	…

	
inventory reduction









Operational performance








	…

	
product delivery




	…

	
product quality




	…

	
capacity utilization




	…

	
cycle time reduction




	…

	
customer service









Environmental performance








	…

	
material reuse




	…

	
environmental compliance




	…

	
environment preservation




	…

	
reduction of hazardous wastes and emissions




	…

	
reduction of resource consumptions (e.g., energy, water, electricity, fuel)









Note: All items were of 5-level Likert scale in the questionnaire.
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Figure 1. Conceptual framework. 
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Figure 2. Research model. 
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Figure 3. Estimated model. 






Figure 3. Estimated model.
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Table 1. Profiles of participating organizations and respondents.
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	Characteristics
	Frequency
	% (N = 368)





	Organization Type
	
	



	 - Manufacturing
	65
	17.7



	 - Energy
	30
	8.2



	 - Real Estate
	58
	15.8



	 - Logistics
	8
	2.2



	 - IT
	69
	18.8



	 - Service
	45
	12.2



	 - Other
	93
	25.3



	Size (Number of Employees)
	
	



	 - Small and Medium (<1000)
	193
	52.4



	 - Large (≥1000)
	175
	47.6



	Respondent Gender
	
	



	 - Male
	254
	69



	 - Female
	113
	30.7



	 - Not Reported
	1
	0.3



	Managerial Level
	
	



	 - Senior
	24
	6.5



	 - Middle
	117
	31.8



	 - Operational
	226
	61.4



	 - Not Reported
	1
	0.3



	Home Department
	
	



	 - Administration
	164
	44.6



	 - Research and Development
	84
	22.8



	 - Production
	63
	17.1



	 - Marketing
	57
	15.5
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Table 2. Unmeasured latent method construct (ULMC) model comparison.
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	Model
	χ2
	df
	χ2/df
	RMSEA
	CFI
	NFI





	Method-Only (1-Factor)
	8870.004
	2153
	4.12
	0.092
	0.625
	0.56



	Trait-Only (16-Factor)
	3981.704
	2037
	1.955
	0.051
	0.891
	0.803



	Trait/Method (17-Factor)
	4370.532
	2072
	2.109
	0.055
	0.872
	0.783
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Table 3. Descriptive, reliability and correlational analyses.
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	Concept_Variable
	Mean (SD)
	α
	V1
	V2
	V3
	V4
	V5
	V6
	V7
	V8
	V9
	V10
	V11
	V12
	V13
	V14
	V15
	V16





	V1: Culture_Involvement
	3.63 (0.82)
	0.79
	0.84
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	V2: Culture_Consistency
	3.65 (0.77)
	0.81
	0.67
	0.85
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	V3: Culture_Adaptivity
	3.79 (0.69)
	0.73
	0.67
	0.65
	0.81
	
	
	
	
	
	
	
	
	
	
	
	
	



	V4: Culture_Mission
	3.72 (0.75)
	0.83
	0.55
	0.65
	0.71
	0.87
	
	
	
	
	
	
	
	
	
	
	
	



	V5: IS_Pollution Prevention
	3.77 (0.80)
	0.88
	0.47
	0.49
	0.48
	0.45
	0.90
	
	
	
	
	
	
	
	
	
	
	



	V6: IS_Product Stewardship
	3.77 (0.78)
	0.86
	0.51
	0.49
	0.54
	0.51
	0.78
	0.88
	
	
	
	
	
	
	
	
	
	



	V7: IS_SustainableDevelopment
	3.84 (0.74)
	0.86
	0.49
	0.51
	0.51
	0.50
	0.70
	0.77
	0.84
	
	
	
	
	
	
	
	
	



	V8: Innovation_Product
	3.68 (0.72)
	0.85
	0.50
	0.56
	0.53
	0.53
	0.57
	0.60
	0.60
	0.80
	
	
	
	
	
	
	
	



	V9: Innovation_Process
	3.80 (0.66)
	0.85
	0.51
	0.52
	0.57
	0.55
	0.56
	0.60
	0.62
	0.71
	0.79
	
	
	
	
	
	
	



	V10: Innovation_Management
	3.72 (0.70)
	0.88
	0.52
	0.56
	0.57
	0.63
	0.62
	0.64
	0.69
	0.66
	0.78
	0.79
	
	
	
	
	
	



	V11: Fit_Innovation-Culture
	3.76 (0.69)
	0.91
	0.54
	0.53
	0.55
	0.56
	0.53
	0.53
	0.62
	0.48
	0.46
	0.54
	0.86
	
	
	
	
	



	V12: Fit_IS-Culture
	3.75 (0.68)
	0.90
	0.54
	0.52
	0.51
	0.53
	0.58
	0.58
	0.66
	0.52
	0.48
	0.60
	0.80
	0.84
	
	
	
	



	V13: Fit_Innovation-IS
	3.72 (0.68)
	0.91
	0.49
	0.51
	0.51
	0.5
	0.56
	0.58
	0.62
	0.53
	0.51
	0.59
	0.71
	0.77
	0.85
	
	
	



	V14: PerformanceEconomic
	3.76 (0.67)
	0.88
	0.43
	0.39
	0.43
	0.39
	0.42
	0.48
	0.47
	0.49
	0.52
	0.52
	0.55
	0.51
	0.54
	0.83
	
	



	V15: PerformanceOperational
	3.77 (0.67)
	0.89
	0.44
	0.41
	0.53
	0.53
	0.44
	0.47
	0.49
	0.47
	0.53
	0.58
	0.62
	0.61
	0.55
	0.77
	0.83
	



	V16: PerformanceEnvironmental
	3.85 (0.62)
	0.87
	0.43
	0.41
	0.45
	0.44
	0.40
	0.42
	0.51
	0.49
	0.57
	0.57
	0.62
	0.60
	0.57
	0.66
	0.67
	0.81







Note: SD, standard deviation; the bold is the square root of AVE.
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Table 4. Multicollinearity among formative indicators of second-order constructs.
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	Formative Indicator
	Tolerance
	VIF





	Green Culture
	
	



	 - Involvement
	0.467
	2.142



	 - Consistency
	0.426
	2.345



	 - Adaptability
	0.351
	2.850



	 - Mission
	0.400
	2.499



	Green IS
	
	



	 - Pollution Prevention
	0.367
	2.722



	 - Product Stewardship
	0.293
	3.414



	 - Sustainable Development
	0.388
	2.580



	Green Innovation
	
	



	 - Product
	0.452
	2.212



	 - Process
	0.324
	3.084



	 - Management
	0.356
	2.813







Note: VIF, variance inflation factor.
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Table 5. Standardized partial least square estimates.






Table 5. Standardized partial least square estimates.





	Path
	All
	Big
	S&M
	Diff





	Control: Size→Innovation Effectiveness
	−0.025
	-
	-
	-



	Control: Age→Innovation Effectiveness
	0.056
	0.050
	0.008
	0.042



	H1: Green Culture→IS-Culture Fit
	0.313 ***
	0.316 ***
	0.299 **
	0.017



	H2: Green Culture→Innovation-Culture Fit
	0.637 ***
	0.633 ***
	0.659 ***
	0.026



	H3: Green Culture→Innovation Effectiveness
	0.380 ***
	0.350 ***
	0.362 ***
	0.012



	H4: Green IS Infrastructure→IS-Culture Fit
	0.481 ***
	0.542 ***
	0.436 ***
	0.106



	H5: Green IS Infrastructure→Innovation-IS Fit
	0.648 ***
	0.680 ***
	0.619 ***
	0.061



	H6: Green IS Infrastructure→Innovation Effectiveness
	0.481 ***
	0.399 ***
	0.535 ***
	0.136



	H7: Innovation-Culture Fit→Innovation Effectiveness
	−0.113 *
	0.027
	−0.202 **
	0.229 **



	H8: IS-Culture Fit→Innovation Effectiveness
	0.008
	0.146
	−0.052
	0.198 *



	H9: Innovation-IS Fit→Innovation Effectiveness
	0.152 **
	0.023
	0.208 ***
	0.185 *



	H10: Innovation Effectiveness→Economic Performance
	0.563 ***
	0.610 ***
	0.532 ***
	0.078



	H11: Innovation Effectiveness→Operational Performance
	0.592 ***
	0.660 ***
	0.544 ***
	0.116



	H12: Innovation Effectiveness→Environmental Performance
	0.607 ***
	0.697 ***
	0.536 ***
	0.161 **







Note: S&M—Small and Medium. Statistical significance is based on two-tailed t-test: *—Significant at 0.1 level; **—Significant at 0.05 level; ***—Significant at 0.01 level.














© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Performance

H2 |

‘ Green Culture Innovation-Culture Fit | Economic | !
H10 :

H1 H3 \H? :

— HS : : 11 : |

| IS-Culture Fit Green Innovation Efectiveness Operational ‘ !
H4 H6 /49 |

T H12 !

’ Green IS Infrastructure s Innovation-IS Fit | Environmental ‘ !

Organizational Context: Size Matters





nav.xhtml


  sustainability-09-01369


  
    		
      sustainability-09-01369
    


  




  





media/file0.png





media/file2.png
Green
Innovation

\
\
d XGreen

Technology Culture





media/file5.jpg
Performance

Green Culture__Jo [ nnovation-Culture it | [Size oo A_ECOTOMIC
031 038~ Q011" 0. ’
001 X . 59 ”
I5-Culture Fit Green Innovation ffectiveness Operational
048 bag™ 015" 0.0q]
Green s nfastructure [&——{ innovation s it Age 61 Environmental

Note: - significant at 0.1 level, ™ - significant at 0.05 level, ** - significant at 0.01 level





media/file6.png
Performance

| .64

Green Culture Innovation-Culture Fit | | Size |{) e Economic |
10.31“' 0.38" \:D.ll' 4).031 '
| IS-Culture Fit Green Innovation Effectiveness Operational |
ID.‘IB"' 0.48™ /015“' D.Dq

| Green IS Infrastructure Innovation-IS Fit ‘ | Age P'El Environmental |

D-ES"'

-

Note: " - significant at 0.1 level, ™ - significant at 0.05 level, ™ - significant at 0.01 level





media/file3.jpg
Innovation-Culture Fit

H1

H7

Is-Culture Fit

Green Innovation Effectiveness

11

Operational

Ha

Ho

H12

Green IS Infrastructure

Innovation-IS Fit

Environmental

Organizational Context: Size Matters






media/file1.jpg
Green
Innovation






