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Abstract

:

Sustainable development has attracted the increasing attention of both researchers and practitioners. While academicians and practitioners’ focus towards sustainability has shifted to innovation, there is a need to understand how sustainability and innovation are interlinked. Thus, this paper attempts to analyze, first, the bidirectional impact of the firms’ pursuit of sustainability and innovation as the priority, second, the bidirectional impact of the adoption of sustainability innovation action programs and, third, to discern the bidirectional influence of sustainability and innovation performances. The evidence is drawn from a sample of 860 manufacturing plants in 22 countries from the sixth edition of the International Manufacturing Strategy Survey 2013. The survey was conducted using a self-administered questionnaire. Structural equation modelling has been employed to test the model. The results show that sustainability and innovation positively and significantly impact each other in terms of the adoption of their relevant action programs and performance. However, the pursuit of sustainability priority acts as an antecedent of innovation priority.
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1. Introduction


Since the release of World Commission on Environment and Development Report in 1987 (commonly known as the ‘Brundtland Commission Report’), research on sustainability has attracted increasing attention. The main concern of sustainability is meeting the needs of the present without compromising the ability of future generations to meet their own needs [1]. Sustainable development encompasses a triple bottom line, a concept developed by [2], which integrates economic, environmental and social issues in operations. While environmental sustainability refers to consuming natural resources in a more advantageous manner and producing less emission to preserve the ecosystem [3], social sustainability refers to the skills’ preservation and enhancing health and quality of life [4]. This study, by adopting the sustainability concept considering both environmental and social perspectives simultaneously, primarily attempts to provide important value to the literature, especially in the operations management literature [5].



Studying sustainability from the Operations Management (OM) field is essential since companies have to consider the footprint left behind in terms of the resources used (e.g., energy) [3]. Moreover, companies are required to operate responsibly for employees’ health and safety and society’s welfare. To conclude, “given the impact of the manufacturing industry on the environment, people and economy, OM gives new opportunities to significantly contribute to sustainability” [6] (p. 1).



Despite the fact that sustainability has been studied extensively for decades, practitioners, as well as academics still interrogate whether or not existing paths of businesses are sustainable [7]. As a result, recently, scholars suggest innovation as one of the possible ways to achieve sustainability, because in order to develop more sustainable products/services, companies need to change their way of doing things: innovate [7]. Accordingly, scholars claim that the incorporation of sustainability issues in innovation is needed [8,9]. Innovation is defined in any form of new products, processes, methods, markets and supply sources [10]. The core perspective of innovation is the novelty and change that must be achieved through a noticeable change from the previous product, process, service or business model [11]. Similar to several previous studies, (e.g., [12]), our notion of innovation is related to the change and novelty of the firm as an institutional context.



Companies require innovative responses, either incremental (doing better) or radical (doing different) [13]. In a similar vein, a broad understanding exits that the sustainability challenges propose meaningful opportunities for innovation [14]. Thus, sustainability challenges act as the source of change and the driver for innovation [15]. Thus, several pieces of evidence are documented on cases where sustainability orientation influences firms to see innovation as a priority or vice versa; the innovation orientation leads firms to consider sustainability as a priority, (e.g., [13,14]). This paper aims at expanding this debate by testing the mutual influence of sustainability and innovation as a business priority in a large sample of firms. To the best of our knowledge, such a large-scale empirical test has not been investigated in the previous studies.



When firms consider sustainability and/or innovation as a priority, they adopt the relevant action programs, (e.g., [14,16]). Moreover, scholars show the positive relationship between the internal sustainability action programs and managing new external insights for sustainability (referred to as external sustainability programs) [3,17]. In this regard, it is argued that environmental and social sustainability development relates to the exploration of product alternatives and, thus, to actions coordinating new product development, (e.g., [18]). The results of the studies propose the impact of the adoption of sustainability programs on innovation programs or vice versa. However, there is a lack of investigation on their simultaneous interaction to shed light on whether firms should focus on one before the other or if they should adopt them at the same time. Additionally, the majority of studies lie in showing successful cases or projects, and there is a lack of generalizable large-scale empirical investigations. That is why we further aim at testing the bidirectional influence of the adoption of sustainability and innovation action programs.



Finally, the adoption of sustainability or innovation programs enhances the business performance, whereas prior investigations on the inter-relationship between sustainability and innovation either lack taking into account the performance perspective or investigate the unidirectional relationship (through showing cases where either one impacts the other) [19]. However, investigating the bidirectional influence of sustainability and innovation performance is important because it can suggest the synergetic effect between them. To satisfy this need, we extend the course of this paper to test empirically the bidirectional influence of innovation and sustainability performance.



To do so, we target firms globally because of the need for the generalizability of the results. Moreover, aligned with Pagell and Gobeli’s recommendation [20], we analyze the data gathered from a sample of individual plants unlike the majority of the previous research that considers a sample of companies [6]. The advantage of scrutinizing individual plants is the ability to study day-to-day decisions and the exact implementation of sustainable and innovative action programs.



To conclude, since the attention of recent sustainability studies has shifted to innovation management as a priority [21,22], the purpose of this study is to investigate on a large and generalizable empirical basis the relationship between sustainability and innovation on three different levels: the firms’ pursuit of sustainability and innovation as the priority, the implementation of their relevant action programs and the performance achieved.



Through this analysis, this paper contributes not only to the sustainability research field, but also to the operation management and innovation fields. Moreover, the study aims at proposing new foundations in further understanding the determinants for sustainable development and innovation management. In particular, while there are fruitful investigations addressing the relationships between sustainability and innovation priorities, programs and performance, they are either focused on a few constructs or demonstrating cases/projects and do not investigate the bidirectional relationships in a generalizable sample of firms. We address this gap and present a more comprehensive study of the relationships between and among sustainability and innovation priorities, action programs and performance.



Moreover, we provide some guidance to managers when deploying sustainability and/or innovation priorities. In particular, the paper gives insights to practitioners on whether they can generally leverage superior sustainability and innovation action programs/performance by taking advantage of their mutual influence.



The structure of this paper is as follows: First, we review the literature on the link between sustainability and innovation. We then present the methodology used. Next, we present and discuss our results. Lastly, we present our conclusions, the limitations of this study, its managerial implications and lines for further research.




2. Literature Review


Scholars propose that sustainability has been emerging in addition to the traditional competitive priorities, (e.g., [23,24]). It is suggested that firms increasingly are integrating sustainability priorities in their business [25]. Furthermore, according to several surveys, the majority of firms take sustainability into account in developing and marketing new products, (e.g., [26]). The fact that sustainable firm pursue innovation as a priority suggests that a sustainability orientation triggers firms to acknowledge innovation as a business priority [14,15]. This argument emerges from two lines of reasoning. First, sustainability introduces additional contemporary visions for new business opportunities [27]; second, sustainability regulations push businesses to be innovative in order to find ways to comply with them without losing money (or even by increasing economic performance) [22,28]. In this regard, sustainability has been seen as a change force that generates new products and processes challenging existing practices in firms [29]. Porter contends that vigorous sustainability strategies would trigger innovation, stating: “properly constructed regulatory standards, which aim at outcomes and not methods, will encourage companies to re-engineer their technology” [30] (p. 96). Porter and van der Linde demonstrate multiple cases where a sustainability orientation leads to enhanced innovativeness in products and processes [31]. Indeed, the quest for sustainability has been shifting the competitive landscape, leading firms to re-think products, processes, if not business models. Particularly in times of economic crisis, the key to re-think products and processes is innovation. Nidumolu, Prahalad and Rangaswami, by scrutinizing longitudinally the sustainability initiatives of 30 large corporations, demonstrate that sustainability is a mother lode of innovations that generates both bottom-line and top-line returns [7], as environmental initiatives are able to decrease costs while generating additional revenues [32]. By pursuing sustainability as a priority, early movers are proven to view compliance as opportunity, make their value chain sustainable, design sustainable new products and processes, develop new business models and create next-practice platforms [7]. This would support also innovation strategies to be sustained in the long-term [33].



On the other hand, extensive practical illustrations are documented where firms’ innovativeness motivates businesses to perceive sustainability as a priority, (e.g., [14,34,35]). In this regard, it is argued that, as innovations are able to target beyond economic goals, through aiming at social and environmental purposes, they trigger business towards sustainability priorities [36]; second, because innovation strategies cannot be sustained long term without being merged with sustainability strategic orientation [37]. We can conclude that, whatever the perspective adopted, it is clear that innovation and sustainability orientation influence each other [13,38,39,40]. What still remains as a gap is whether, on a generalizable sample of firms, the pursuits of sustainability and innovation priority influence each other. Thus, the following hypothesis is formulated:

H1a: 

The pursuit of sustainability priority leads to the pursuit of innovation priority.





H1b: 

The pursuit of innovation priority leads to the pursuit of sustainability priority.







Business priorities and programs have been proposed as a coupled bundle for strategy deployment [41]. In this regard, there is clear evidence of the pursuit of sustainability priority, which urges firms to adopt relevant action programs, (e.g., [14,16]). However, scholars differentiated between external vs. internal and environmental vs. social action programs, (e.g., [6,42]). In particular, internal environmental action programs are classified into: (1) environmental certifications; (2) energy and water consumption reduction programs; (3) pollution emission reduction and waste recycling programs; and internal social action programs include: (1) social certification; (2) formal sustainability oriented communication, training programs and involvement; (3) a formal occupational health and safety management system; (4) work/life balance policies, (e.g., [6,43]).



Recently, scholars show the positive relationship between the general internal sustainability action programs with external sustainability programs [3]. The majority of these investigations focus on sustainability-oriented supply chain programs [44]. However, fewer studies relate the external sustainability programs to managing new external insights for sustainability, (e.g., [17,45]). It is argued that environmental and social sustainability development relates to the exploration of alternatives and to actions related to the new product development [7,17]. To do so, one common action program is argued to be new product development coordination with the manufacturing processes [18,46,47,48,49]. The results of the studies propose that the adoption of sustainability programs impacts the adoption of innovation programs and vice versa; because coordination programs for product innovation include cross-functional integration, employee involvement and leveraging firms’ ability to generate information, which in return would enhance the adoption of sustainability programs, (e.g., [50,51,52]). In this regard, case-based investigations illustrate that integrating innovation supports firms coping with the challenges of operational processes, particularly of implementing sustainability programs [53,54]. While, the majority of the studies lie in showing successful cases and/or projects, we are not aware of a simultaneous test on a large scale of firms on the bidirectional impact of the adoption of sustainability and innovation action programs. Thus, we hypothesize the following:

H2a: 

The adoption of sustainability action programs leads to the adoption of innovation action programs.





H2b: 

The adoption of innovation action programs leads to the adoption of sustainability action programs.







The adoption of sustainability and/or innovation action programs enhances the business performance in different ways [55] and plays a role in achieving business success, (e.g., [49,56,57,58]). Whereas prior investigations mostly lie on how sustainability performance impacts economic performance or organizational performance, (e.g., [17]), there are few investigations on the link between sustainability and innovation performance. It is argued that sustainability performance impacts product innovations [59] because ultimately, the sustainability contribution will be achieved when a viable new product is provided [40,60,61]. In this regard, for improving sustainability performance, a regular plan for all of the products is needed, leading to enhanced new product development performance [62].



On the other hand, it is argued that firms with higher innovation performance tend to achieve higher sustainability performance [26,48,63]. To conclude, while the literature highlights the critical role of examining performance in operational studies, prior research on the inter-relationship between sustainability and innovation lacks taking into account the performance dimension or investigating the unidirectional relationship [19]. In other words, few prior research that considers the performance dimension of sustainability and innovation focused on examples where either one impacts the other. However, we argue that taking into account the bidirectional influence of sustainability and innovation performance brings an understanding of the possible existence of the synergetic effect between them. Since there is a need to discern how innovation and sustainability performance would mutually contribute to each other on a generalizable scale [39], we hypothesize:

H3a: 

Sustainability performance positively impacts innovation performance.





H3b: 

Innovation performance positively impacts sustainability performance.








3. Methodology


A survey research methodology is congruent with the aim of this study because although the operation management literature is quite rich on each of the constructs of sustainability and innovation, previous studies lack generalizable investigations on their mutual inter-relationship. Moreover, a survey research methodology is aligned with other studies published in the managerial literature on sustainability action programs and performance [6,64,65].



To test the above research hypothesis, we used data collected in the sixth edition of the International Manufacturing Strategy Survey (IMSS VI), a research project carried out in 2013–2014 by a global network. The IMSS project, originally launched in 1992 by the London Business School and Chalmers University of Technology, studies manufacturing and supply chain strategies within the assembly industry (25–30 classifications of International Standard Industrial Classification (ISIC)—25, manufacture of rubber and plastics products; 26, manufacture of other non-metallic mineral products; 27, manufacture of basic metals; 28, manufacture of fabricated metal products, except machinery and equipment; 29, manufacture of machinery and equipment not elsewhere classified; 30, manufacture of office, accounting and computing machinery). It is carried out through a detailed questionnaire administered simultaneously in many countries by local research groups. The first section of the questionnaire is related to the general information about the business unit, while the other sections advise on the dominant activities of the plant (particularly focusing on business, strategies, action programs and performance). The unit of analysis is the plant to avoid issues related to diverse working manners of multiple plants of a business unit. To ensure alignment with the most recent trends in operations strategies, part of the questionnaire is redesigned in each edition. The update is performed by a design team composed of a pool of international researchers bypassing country biases of the team [66]. Aligned with the majority of the studies on priorities, programs and performances, we used responses from a single manager within each plant (e.g., operations, manufacturing, general or technical) [60]. This implies the assumption that such a manager has adequate and precise related information [67]. Responses have been gathered in a unique global database [68]. The sample consists of 931 manufacturing plants from 22 different countries, with an average response rate of 36 percent (Table 1). Data have been collected from May 2013–March 2014. Firms have been selected through three different ways: convenience sampling, random sampling and firms that participated in previous versions of the surveys.



The quality of the global database has been checked for all respondents. Cases with more than 60% of answers missing were deleted. Non-response and late response bias have been checked for all of the countries’ database, except for a few cases: Hungary, around half of the Norway cases and Germany. Two procedures are carried out on the country level for checking the non-response bias (objective measures (obtain sales, number of employees and Standard Industrial Classification code figures for respondents and non-respondents; these figures are normally available in most databases; t-test comparing sales_respondents and sales_nonrespondents; t-test comparing employees_respondents and employees_nonrespondents;    c h  i 2     test comparing SICCode_respondents and SICCode_nonrespondents) and contact non-respondents (contact non-respondents and ask them a couple of questions that can be important for checking non-response bias, e.g., existence of a formalized manufacturing strategy, manufacturing performance, strategic relevance of the manufacturing function, ongoing restructuring process, etc.; if possible, try to ask for the reason why they do not want to answer the questionnaire)) and one procedure for late-response bias (obtain sales, number of employees and SIC code figures for early respondents and late respondents). In addition, for questionnaires gathered on paper, fault-proof methods have been used for data consistency. Furthermore, in some countries, tests were performed for distinguishing between those answers collected on “paper” and those answers collected via “electronic survey”. No noticeable pattern suggesting a bias was found. Moreover, “since data were collected from a single person at a single point in time, common method variance (CMV) might be a threat to the validity of our results” [6] (p. 153). To control the CMV, in the questionnaire and research design, the following measures were considered [69]: (1) respondent anonymity/confidentiality was protected; (2) the questions are designed to be as clear and concise as possible; (3) constructs’ questions were distributed in different sections of the questionnaire [70,71,72]. In particular, questions on action programs are asked in different sections of the questionnaire, and these programs are separated from priorities and performances.



To ensure the validity of the survey variables, the project team assessed content validity. The content validity analysis is carried out through: (1) a review of questions for face validity; (2) the process of variable construction [73,74]. The team thoroughly reviewed the existing literature to establish appropriate domains and to extend them (the data were collected in 1992, 1996, 2001, 2005, 2009 and 2013–2014; the sixth version). Thus, the questions are formulated by a discussion of several academicians.



In addition, the confirmatory factor analysis of the SEM method is applied to confirm the convergent and discriminant validity (through testing the relations among the observables and the uni-dimensionality of the constructs) [73].



In the next step, the quality of the part of the database used particularly for this study has been checked. Missing data replacement was carried out in two steps: first, responses lacking one or more complete construct are eliminated (860 valid respondents remained); second, within these responses, the missing values were replaced with the mean of the series [75]; finally, the coherency of the replaced values with the other responses was checked. The distribution of the sample, in terms of country and valid response, rates is shown in Table 2.



Data have been tested primarily for the normality check by the skewness and kurtosis tests. The results reveal that the normality assumption is rejected for almost all of the variables. Even though the samples are ordinal and shown to be non-normal, maximum likelihood (ML) is considered despite its assumption of a continuous and normal sample, since previous scholars contend that treating ordinal data as continuous will result in negligible the underestimation of path coefficients, factor loadings and correlations [76]. We did not control for industry, because the sample of the IMSS survey is being restricted to what is called as assembly industries (ISIC 25–30), meaning that the examined industries are already homogeneous in nature. However, we controlled for size, perceived trend of environmental/social pressure and technological change. Following, the summary statistics of the dataset are reported (Table 3).




4. Operationalization of the Variables


The variables (observed variables) of all constructs (latent variables) were grounded based on previous research studies. All attributes are measured by a Likert scale of 1–5.



Business priorities: Respondents were asked to rate the importance of the competitive priorities for winning orders from the major customers, on a five-point Likert scale (1 = not important to 5 = very important). According to the literature, sustainability encompasses both environmental [6] and social [77] perspectives [3]. In IMSS, both variables are measured. We categorized these priorities into two groups: first, sustainability, which is composed by more environmentally-sound products and processes, a higher contribution to the development and welfare of society, safer and health respectful processes.



According to the literature, innovation has been differentiated mainly between product/process/organizational [78] or radical/incremental [79,80]. However, in IMSS, the attributes relate to the radical/incremental innovations, but are limited to product innovation. The reason lies within the inability to assess process/organizational innovation with measuring the importance of winning the order from the customers’ point of view, (e.g., [81]). Thus, innovation priority has been explored through the priority of offering new products more frequently and offering products that are more innovative, aligned with the way the innovator strategy is generally measured [82].



Action programs: In a similar vein to the course of this paper, we categorized the sets of action programs into two groups:



(1) Sustainability:



Respondents were asked to rate the level of effort put into the implementation of the action programs in the last three years (1 = none to 5 = high), (e.g., [6,83,84]). Following the framework developed in [5], both environmental and social internal programs are assessed for measuring sustainability action programs.



Environmental programs include, (e.g., [6,20,85,86,87,88,89]):

	
Environmental certifications (e.g., Eco-Management and Audit Scheme (EMAS)or International Organization for Standardization-ISO 14001)



	
Energy and water consumption reduction programs



	
Pollution emission reduction and waste recycling programs.








Social programs include [6,90,91,92] (an adaptation of the scale used by [93]):

	
Social certifications (e.g., SA8000 or OHSAS 18000)



	
Formal sustainability-oriented communication, training programs and involvement



	
Formal occupational health and safety management system



	
Work/life balance policies








(2) Innovation:



Respondents were asked to indicate the effort in the last three years put into implementing action programs to coordinate the new product development and manufacturing processes [94]. Following prior investigations [95,96], the innovation programs investigated in this survey are:

	
Informal mechanisms, such as direct, face-to-face communication, informal discussions and ad hoc meetings



	
Design integration between product development and manufacturing through, e.g., platform design, standardization and modularization, design for manufacturing, design for assembly



	
Organizational integration between product development and manufacturing through, e.g., cross-functional teams, job rotation, co-location, role combination, secondment and coordinating managers



	
Technological integration between product development and manufacturing through, e.g., CAD-CAM, CAPP, CAE, product lifecycle management



	
Integrating tools and techniques, such as failure mode and effect analysis, quality function deployment and rapid prototyping



	
Communication technologies, such as teleconferencing, web meetings, intranet and social media








Forms of process standardization, such as a stage-gate process, design reviews and performance management.Performance: Respondents were asked to rate the level of change in manufacturing performance over the last three years (1 = decrease −5% or worse, 2 = stayed about the same −5%–+5%, 3 = slightly increased +5%–+15%, 4 = increased = 15%–25%, 5 = strongly increased +25% or better). Aligned with the previous measurements of sustainability and innovation, their performances are measured. In particular, sustainability performance is measured in terms of environmental performance (materials, water and/or energy consumption, pollution emission and waste production levels) [83,97,98] and social performance (workers’ motivation and satisfaction and health and safety conditions) [4,6,20,77]. Innovation performance is measured through a bundle of product customization ability and new product introduction ability [95,99].




5. Analysis and Findings


The structural equation modelling (SEM) approach has been employed to test the hypotheses [100]. It is a statistical method with a confirmatory approach [101] in which constructs’ validity (measurement model) and relationships (structural model) are tested in a hypothesized model concurrently. Moreover, the advantage of the SEM method compared to traditional statistical techniques is the fact that it allows the measurement of several variables and their inter-relationship simultaneously, thanks to an indication of model fitness [102,103]. SEM has attracted increasing attention because of the need for testing a complex phenomenon, which consists of several items, respondents, relationships and combined effects (synergies) [104]. Accordingly, in this paper, this method is adopted for its capability in testing the combination of the hypotheses simultaneously with a large number of respondents.



First, the necessary conditions for model identification were assessed. There is p = 25 observable variables; thus, the non-redundant data points in the sample variance covariance matrix is given by: p = (p(p + 1))/2 = 325. The number of parameters to be estimated is 62, so the model has the necessary condition and can be over identified. The second tested condition is related to the measurement portions of the model. The first regression coefficient of each construct is constrained to one for establishing the scale of factors.



Finally, we specified a model based on our hypothesized framework providing also the parameter values for significant paths (Figure 1 and Table 4). The overall fit for the path model was acceptable (   C h  i 2     = 263). Even though the overall fitness of the model was acceptable, we used modification indices to enhance the model with respect to the theoretical considerations. Significantly, covariance between two measurements for each sustainability action program and performance were suggested: energy/material and water consumption (reduction programs) and pollution emission reduction and waste recycling programs/production level). Subsequently, further theoretical investigation of the variables shows that the correlations are justifiable based on the theoretical background due to the fact that both measurements are targeting environmental sustainability programs. Based on previous studies, the environmental programs may be correlated in a sense that firms with proactive environmental strategies engage typically to enhance diverse type of environmental programs [105,106]. As a consequence, the covariance of the environmental programs is considered in the final model with improved overall fit (   C h  i 2     = 262; Table 4).



As already widely proven by the literature, the pursuit of priorities positively impacts firms’ performance with the mediating role of the adoption of action programs. This is supported, in the model, with the proof of a partial mediation role for innovation and a fully mediating role for sustainability (considering a 99% confidence interval) (partial mediating role for both sustainability and innovation considering a 95% confidence interval).



The results of the analyses provide mixed support to the hypotheses.



Hypothesis 1a, stating that the pursuit of sustainability priority positively impacts innovation priority, is fully supported. However, Hypothesis 1b, stating that the pursuit of innovation priority positively impacts sustainability priority, is not supported. In other words, if the bidirectional relationship is considered, both fall into insignificant. However, when unidirectional relationships are considered, only the impact of sustainability as priority on innovation priority falls into significant and positive.



Hypothesis 2a,b stating that the adoption of sustainability action programs impacts the adoption of innovation action programs to coordinate new product development and manufacturing processes is fully supported. This means that on the level of effort firms provide for the adoption of innovation and sustainability action programs, not only innovation programs are functional to adopt more sustainability programs, but also sustainability programs enhance the adoption of innovation programs.



In a similar vein, Hypothesis 3a,b, stating that sustainability performance positively impacts innovation performance and vice versa, is also fully supported: innovation and sustainability performance improvement are highly correlated and show combined (synergetic) effects.




6. Discussion and Future Research


The results obtained by testing of the research hypotheses can be summarized in the framework depicted in Figure 2.



The results reveal appealing insight about the relationship between sustainability and innovation as priorities. This study shows that the pursuit of sustainability as a priority predicts pursuing innovation as a priority according to a generalizable sample of firms; meaning that innovation becomes an order winner when it is driven by sustainable orientation. Our results added value, thanks to its generalizability, to previous proposals of scholars through some cases that sustainability acts a driver of innovation (e.g., based on 30 big corporations in [7]). Our results suggest that innovating without sustainability consideration is no longer a strong competitive priority for firms. Thus, we propose that the sustainable product innovation (as a result of interaction between sustainability and innovation) is emerging as a competitive priority in practice. In this regard, the environmental (green/eco) product innovation is well-studied in the literature [107,108,109]. However, we argue that the social product innovations also turn out to be a business priority [110]. Accordingly, we suggest further research extending the debate of social product innovations as a business priority. The results, suggesting that the innovation priorities do not directly impact sustainability priorities, imply the fact that firms should anticipate sustainability priorities over innovation priorities.



Second, looking at the adoption of action programs, the results of our study confirm on a wider scale the positive correlation between sustainability and innovation action programs [9]. Therefore, we argue that the adoption of sustainability and innovation action programs positively and significantly impacts one another [53]; because coordination programs for product innovation include organizational integration (and cross-functional teams), which in return would enhance the adoption of sustainability programs, (e.g., [50,111,112]). Moreover, the coordination programs for product innovation enhance the employee involvement which in return is a critical element for implementing sustainability programs [51,87,92,113,114,115]. Pagell and Wu contributed to this debate by arguing that innovative firms leverage their ability to generate beneficial information, which supports establishing new sustainability programs [52]. To conclude, our results confirm many case-based studies arguing that innovative firms integrating innovation with manufacturing processes allow businesses to face fewer obstacles to the operational processes of implementing sustainability programs and are better equipped to cope with the challenges [53,54].



To conclude, the adoption of innovation coordination programs enhances the adoption and implementation of sustainability programs [7,30,52,54,116]. However, the majority of the above studies focuses on environmental programs. This study shows that innovation programs act as a predictor also for social sustainability management ([116], based on case data). This preliminary evidence call for further empirical investigation on the relationship between innovation and social sustainability programs may be from the process innovation perspective [54].



This study also shows the significant impact of the adoption of sustainability programs on innovation programs, which has been rarely investigated [117]. This finding can be justified as sustainability is proposed to be a facilitator of the product design integration [117]. Alternatively, the implementation of sustainability programs is argued to be more than just a technical process and also requires organizational redesign [118,119]. Moreover, it is argued that through adopting sustainability programs (e.g., certifications), firms can establish innovative technologies [119].



Finally, this study contributes to the literature on the interrelationship between sustainability and innovation performance, (e.g., [6,83,97,98]). The results demonstrate the positive and significant correlation of these two performance dimensions. Thus, we argue that organizations with higher sustainability performance are more innovative and vice versa [120]. Accordingly, plants that simultaneously pursue exploratory innovative programs and exploitative sustainability programs are able to enhance sustainability in existing systems and are able to develop new products [17]. This is aligned with previous scholars suggesting that innovative companies perform best at sustainability [7,52]. Gualandris and Kalchschmidt contributed to this debate by suggesting that high innovation performance may not be sufficient to guarantee high sustainability performance, but its absence may hinder it [53]. Our results, based on large-scale and multi-national empirics, confirm that innovation is not only critical for operational performances (e.g., cost and/or quality), but also it is valuable for environmental and social benefits.



We believe this study drives several valuable contributions: first, we analyze the bidirectional impact of sustainability and innovation; second, by considering both environmental and social perspectives of sustainability, as well as the performances of sustainability and innovation (we are not aware of any clear test that simultaneously does so), so filling a gap in the existing literature. In addition, by scrutinizing the impact of sustainability performance on innovation performance, we propose a new area where enhancing sustainability performance is paid back to the firms.



The paper provides managers with clear evidence of the necessity for sustainability as a priority and endeavors for enhanced innovation at the operational level. Moreover, the study proposes new foundations in further understanding the determinants for sustainable development and innovation. It can support firms to implement sustainability action programs within their operational processes by empirically analyzing how innovation, and in particular, innovation coordination programs, can increase environmental and social sustainability performance.



While this study provides a compelling contribution to the sustainability and innovation literature and possesses valuable implications for practice, there are some limitations and opportunities for future studies. First, the applied measurement items to measure environmental, social and innovation as the priority, program and performance may be considered as a limitation of this study, since the team was required to keep the IMSS questionnaire to a reasonable length, which made the researchers select only the most relevant items. Thus, we suggest using different measurements. Moreover, since sustainability and innovation interlinks evolve over time, examining the patterns in a longitudinal study will be advantageous. Future studies can also extend this paper’s scope by considering other industries. Moreover, we suggest future research to investigate possible differences between plants placed in various continents when it comes to sustainable development and innovation management. Finally, innovation measurements in this study are limited to new product developments, while future research needs to take into account other taxonomies of innovation, including new processes, management systems or business models.
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Figure 1. Structural equation model based on our second hypothesized model. 
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Figure 2. Framework for the relationship of innovation and sustainability. 
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Table 1. Firms’ descriptive data.







Table 1. Firms’ descriptive data.







	

	
Number of Firms Contacted

	
Number of Firms Agreeing to Participate

	
Number of Responses

	
Valid Responses in the Final Release

	
Agreement Rate

	
Valid Response Rate (on Contacted Firms)

	
Valid Response Rate






	
TOTAL

	
7167

	
2586

	
1003

	
931

	
36.1%

	
13.0%

	
36.0%
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Table 2. Sample descriptive data.







Table 2. Sample descriptive data.







	
Country

	
N

	
%

	
Valid Response Rate (on Contacted Firms)

	
Valid Response Rate






	
Belgium

	
27

	
3%

	
25.9%

	
65.9%




	
Canada

	
23

	
3%

	
20.4%

	
33.7%




	
China

	
113

	
13%

	
26.1%

	
79.2%




	
Denmark

	
36

	
4%

	
12.6%

	
30.2%




	
Finland

	
31

	
4%

	
6.2%

	
40.5%




	
Germany

	
14

	
2%

	
9.7%

	
23.4%




	
Hungary

	
55

	
6%

	
17.6%

	
26.8%




	
India

	
87

	
10%

	
18.2%

	
19.9%




	
Italy

	
44

	
5%

	
17.0%

	
35.0%




	
Malaysia

	
13

	
2%

	
5.6%

	
46.7%




	
Netherlands

	
48

	
6%

	
14.8%

	
51.0%




	
Norway

	
26

	
3%

	
23.6%

	
53.5%




	
Portugal

	
30

	
3%

	
26.0%

	
65.4%




	
Romania

	
39

	
5%

	
8.0%

	
21.5%




	
Slovenia

	
17

	
2%

	
6.7%

	
34.0%




	
Spain

	
26

	
3%

	
11.3%

	
12.9%




	
Switzerland

	
24

	
3%

	
15.8%

	
37.0%




	
Taiwan

	
26

	
3%

	
5.6%

	
48.3%




	
USA

	
37

	
4%

	
3.2%

	
75.0%




	
Japan

	
82

	
10%

	
48.0%

	
82.0%




	
Sweden

	
32

	
4%

	
17.3%

	
19.9%




	
Brazil

	
29

	
3%

	
15.9%

	
73.8%




	
TOTAL

	
860

	
100.0%

	
13.0%

	
36.0%
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Table 3. Summary statistics of the dataset.







Table 3. Summary statistics of the dataset.







	
Variable

	
Obs

	
Mean

	
SD

	
Min

	
Max






	
Control Variables

	

	

	

	

	




	
Industry

	
860

	
26.83605

	
1.559037

	
25

	
30




	
Country

	
860

	
10.77907

	
6.511209

	
1

	
22




	
Age

	
807

	
42.75341

	
31.5413

	
3

	
243




	
Size

	
860

	
2.532558

	
0.5523665

	
1

	
3




	
Environmental pressure

	
860

	
3.310744

	
1.046832

	
1

	
5




	
Social pressure

	
860

	
3.236558

	
1.06932

	
1

	
5




	
Technological change

	
860

	
3.306174

	
0.9773198

	
1

	
5




	
Latent variables of sustainability as priority

	

	

	

	

	




	
Environmental sustainability as priority

	

	

	

	




	

	
More environmentally-sound products and processes






	
860

	
3.257326

	
1.044634

	
1

	
5




	
Social sustainability as priority

	

	

	

	




	

	1.

	
Higher contribution to the development and welfare of society







	
860

	
3.0315

	
1.108833

	
1

	
5




	

	2.

	
More safe and health respectful processes







	
860

	
3.407244

	
1.117578

	
1

	
5




	
Latent variables of innovation as priority

	

	

	

	

	




	

	
Incremental: offering new products more frequently






	
860

	
3.253198

	
1.078175

	
1

	
5




	

	
Radical: offering products that are more innovative






	
860

	
3.614267

	
1.040566

	
1

	
5




	
Latent variables of sustainability action programs

	

	

	

	

	




	
Environmental action programs

	

	

	

	

	




	

	1.

	
Environmental certifications







	
860

	
3.264

	
1.412703

	
1

	
5




	

	2.

	
Energy and water consumption reduction programs







	
860

	
3.078279

	
1.157934

	
1

	
5




	

	3.

	
Pollution emission reduction and waste recycling programs.







	
860

	
3.11136

	
1.202645

	
1

	
5




	
Social action programs

	

	

	

	

	




	

	1.

	
Social certifications







	
860

	
2.623488

	
1.470521

	
1

	
5




	

	2.

	
Formal sustainability oriented communication, training programs and involvement







	
860

	
2.871291

	
1.185365

	
1

	
5




	

	3.

	
Formal occupational health and safety management system







	
860

	
3.375023

	
1.125752

	
1

	
5




	

	4.

	
Work/life balance policies







	
860

	
2.751453

	
1.167722

	
1

	
5




	
Latent variables of innovation action programs

	

	

	

	

	




	

	1.

	
Informal mechanisms







	
860

	
3.3275

	
1.013474

	
1

	
5




	

	2.

	
Design integration between product development and manufacturing







	
860

	
3.189477

	
1.082889

	
1

	
5




	

	3.

	
Organizational integration between product development and manufacturing







	
860

	
3.064302

	
1.064542

	
1

	
5




	

	4.

	
Technological integration between product development and manufacturing







	
860

	
3.020047

	
1.167397

	
1

	
5




	

	5.

	
Integrating tools and techniques







	
860

	
2.977721

	
1.236134

	
1

	
5




	

	6.

	
Communication technologies







	
860

	
3.245058

	
1.148234

	
1

	
5




	

	7.

	
Forms of process standardization







	
860

	
3.137674

	
1.140275

	
1

	
5




	
Latent variables of innovation performance

	

	

	

	

	




	

	
Incremental: product customization ability






	
860

	
3.076233

	
1.00641

	
1

	
5




	

	
Radical: new product introduction ability






	
860

	
3.207767

	
1.009979

	
1

	
5




	
Latent variables of sustainability performance

	

	

	

	

	




	
Social sustainability performance

	

	

	

	

	




	

	1.

	
Workers’ motivation and satisfaction







	
860

	
2.889023

	
0.9458301

	
1

	
5




	

	2.

	
Health and safety conditions







	
860

	
3.258186

	
0.9442817

	
1

	
5




	
Environmental sustainability performance

	

	

	

	

	




	

	1.

	
Materials, water and/or energy consumption levels







	
860

	
2.575907

	
0.9307496

	
1

	
5




	

	2.

	
Pollution emission and waste production







	
860

	
2.806709

	
0.9315846

	
1

	
5
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Table 4. Overall fit of the model and values of the hypothesized relationships.







Table 4. Overall fit of the model and values of the hypothesized relationships.







	
Fit Statistic

	
Value

	
Description




	
Likelihood ration




	
   C h  i 2    _ms (262)

	
1051.943

	
Model vs. saturated




	
p >    C h  i 2    

	
0.000

	




	
   C h  i 2    _bs (300)

	
10,451.881

	
Baseline vs. saturated




	
p >    C h  i 2    

	
0.000

	




	
Population error




	
RMSEA

	
0.059

	
Root mean squared error of approximation




	
90% CI, lower bound

	
0.055

	




	
Upper bound

	
0.063

	




	
p close

	
0.000

	
Probability RMSEA ≤ 0.05




	
Baseline comparison




	
CFI

	
0.922

	
Comparative fit index




	
TLI

	
0.911

	
Tucker–Lewis index




	
Size of residuals




	
SRMR

	
0.044

	
Standardized root mean squared residual




	
CD

	
0.929

	
Coefficient of determination




	
Values of the Hypothesized Relationships (Structural Model)

	
Coef.

	
OIM

Std. Error

	
p > IZI




	
Innovation as priority <-




	
Sustainability as priority

	
0.567

	
0.046

	
0.000




	
Sustainability action program <-




	
Innovation action program

	
0.497

	
0.131

	
0.000




	
Sustainability as priority

	
0.497

	
0.053

	
0.000




	
Sustainability Performance <-




	
Sustainability action programs

	
0.138

	
0.028

	
0.000




	
Sustainability as priority

	
0.072

	
0.029

	
0.012




	
Innovation performance

	
0.348

	
0.076

	
0.000




	
Innovation action program <-




	
Innovation as priority

	
0.133

	
0.027

	
0.000




	
Sustainability action program

	
0.332

	
0.042

	
0.000




	
Innovation performance <-




	
Innovation as priority

	
0.215

	
0.039

	
0.000




	
Innovation action program

	
0.237

	
0.061

	
0.000




	
Sustainability performance

	
0.335

	
0.116

	
0.004










© 2016 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/).
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