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ECO-CONTROL: THE INFLUENCE OF MANAGEMENT CONTROL SYSTEMS ON ENVIRONMENTAL AND ECONOMIC PERFORMANCE

ABSTRACT

Eco-control is the application of financial and strategic control methods to environmental management. In this study, we investigate to what extent eco-control influences environmental and economic performance. Using survey-data from a sample of Canadian manufacturing firms, the results suggest that eco-control has no direct effect on economic performance. A mediating effect of environmental performance on the link between eco-control and economic performance is observed in different contexts. More specifically, eco-control indirectly influences economic performance in the context of (i) higher environmental exposure, (ii) higher public visibility, (iii) higher environmental concern, and (iv) larger size. This study contributes to the management accounting literature by providing insight into the roles and contributions of management accounting in the context of sustainable development.
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1. INTRODUCTION

Over the past centuries, industrial development has brought immeasurable wealth and prosperity while also causing unintended ecological degradation such as global warming, ozone depletion, deforestation and desertification, declining biodiversity, and toxic waste (Shrivastava, 1995). Although organizations play a major role in causing and potentially controlling ecological problems, they could also benefit from cost reductions through ecological efficiencies, the development of green markets and first-mover advantage, better community relations, and improved image (Hart, 1995; Porter & Van der Linde, 1995; Shrivastava, 1995). Environmental management accounting (EMA) helps firms work to attain those potential benefits and to face their environmental responsibilities (Schaltegger & Burritt, 2000). 

As part of EMA, eco-control is the application of financial and strategic control methods to environmental management (Schaltegger & Burritt, 2000).  As a specific application of management control systems (MCS), eco-control has attracted growing attention in recent years as a means of driving an environmental strategy throughout the firm. Eco-control helps organizations to measure, control and disclose their environmental performance. They are used to supply information for decision making to ensure the attainment of environmental objectives and to provide persuasive evidence supporting the benefits of such actions.

Various streams of research have examined environmental accounting in the accounting and environmental management literatures. In particular, an extensive body of research has examined environmental disclosure and reporting practices (e.g. Al-Tuwaijri et al., 2004; Gray, Javad et al., 2001; Deegan & Blomquist, 2005; Lehman, 1999; Neu, Warsame, and Pedwell, 1998; Clarkson, Li, Richardson, & Vasvari, 2007).
 While some research has defined the concept of environmental management accounting and has reported current practices (e.g. Bennett & James, 2000; Bartolomeo et al., 2000; Burritt, 2004; IFAC, 2005), other studies have examined the role of accounting / accountants in environmental management (e.g. Gray, 1992; Bebbington et al. 1994; Wilmshurst & Frost, 2001) and issues related to environmental cost accounting (e.g. Herbohn, 2005; Antheaume, 2004; Gluch & Baumann, 2004). 

However, the notion of eco-control has not been investigated extensively. Most of the research related to eco-control is descriptive or prescriptive (e.g. Epstein, 1996a,b; Epstein & Birchard, 2000; Bennett & James, 1999; Eckel, Fisher, & Russel, 1992; Figge, Hahn, Schaltegger, & Wagner, 2002; Burritt & Schaltegger, 2001). While contributing to the further development of tools, this literature is often based on a limited number of case studies and suffers from a lack of empirical evidence (Bouma & Van der Veen, 2002; Burritt, 2004). Recent studies have however attempted to address this gap by exploring empirically some aspects of eco-control. 
For instance, Sharma (2000) examined the integration of environmental performance criteria in employee performance evaluation, but did not find a link with managerial interpretation. In a contingency setting, Pondeville & De Rongé (2005) found that the perceived ecological environmental uncertainty and environmental stakeholders’ pressures have a positive influence on the use of formal environmental control systems, but no such link was found with environmental strategy. Similarly, Perego & Hartmann (2005) observed that the relationship between environmental strategy and the use of environmental performance measurement systems is not direct but mediated by some attributes of the environmental management accounting systems sophistication and properties of the measurement systems. 
Not only have the issues related to eco-control been overlooked in past research, but there is also a lack of empirical evidence supporting their impact on environmental and economic performance. While various studies have documented the influence of environmental management
 on environmental or economic performance (e.g. Roy, Boiral, & Lagacé, 2001; Melnyk, Sroufe, & Calantone, 2003; Christmann, 2000), other studies have examined the relationship between environmental and economic performance (e.g. Burnett & Hansen, 2007; Russo & Fouts, 1997; Al-Tuwaijri et al., 2004; Wagner & Schaltegger, 2004; McWilliam & Siegel, 2000). Those studies have resulted in different findings: positive impact, negative impact or no effect. However, few empirical studies have tested the influence of eco-control on environmental and economic performance. Notable exception includes the work of Judge & Douglas (1998) and Wisner, Epstein, & Bagozzi (2006) that find positive relationships between environmental strategic planning, and environmental and economic performance. Also, Epstein & Wisner (2005) observed that environmental compliance is positively influenced by various eco-controls, including plans and procedures, belief systems, measurement systems, and reward systems. However, Lanen (1999) does not find any association between the incentives to monitor plant performance and waste ratio.
In sum, because this stream of research is hindered by insufficient empirical evidence and unexplored topics, the findings about eco-control remain fragmented and disparate. At the same time, a rich body of literature has examined the link between MCS and economic performance (Luft & Shields, 2007), but not environmental performance. Hence, there is a need to further investigate eco-control, as a specific application of MCS, and its impact within the organizations in order to contribute to the management accounting and EMA literatures. Using survey-data from a large sample of manufacturing firms, this study examines to what extent eco-control influences environmental and economic performance. More specifically, it uses a mediation model to investigate the direct effect of eco-control on economic performance, as well as the indirect effect through environmental performance. 
The remainder of this paper is organized as follows. The next section defines the main constructs, describes the conceptual framework, and presents our hypotheses. The following section presents the methodology, including a sample definition, data collection and measurement of constructs. We next describe the results of our analyses followed by a discussion and the conclusion of this study.

2. THEORETICAL FRAMEWORK
2.1 Definition of constructs

Eco-control
Eco-control refers to the integration of environmental matters within MCS (Schaltegger & Burritt, 2000). Like MCS, eco-control is designed to help an organization adapt to the context in which it is set and to deliver the key results desired by stakeholder groups (Merchant & Otley, 2007). It is the process by which managers ensure that economic and ecological resources are obtained and used effectively and efficiently in the accomplishment of the organization’s objectives (Anthony, 1965). Following the definition of MCS from Simons (1987, 1990), eco-control is defined as the formalized procedures and systems that use financial and ecological information to maintain or alter patterns in environmental activity. 
In this paper, eco-control is composed of three important practices, namely uses of performance measures, budgeting and incentives. These practices have been chosen because they represent control tools for which a rich body of literature has been developed in the field of management accounting (Shields, 1997; Ittner & Larcker, 2001; Luft & Shields, 2007). More specifically, in the context of eco-control, performance measures refer to the extent to which environmental performance indicators are used by managers for various purposes. From the overlap between the management accounting (e.g. Atkinson et al, 1997; Henri, 2006a,b; Simons, 2000) and the environment literature (e.g. Bennett & James, 1998; Briassoulis, 2001), four main uses are reflected and examined in this study: (i) to monitor compliance with environmental policies and regulation, (ii) to motivate continuous improvement, (iii) to provide data for internal decision-making, and (iv) to provide data for external reporting. Budgeting specifically involves the setting of detailed goals for environmental expenses, incomes from material scrap or recycled waste, and environmental investments. Incentives refer to the integration of environmental criteria in the evaluation process to direct managerial effort towards environmental activities (Gabel & Sinclair-Desgagné, 1993). 

Environmental performance

Although judgments are frequently made about which companies are ‘greener’, there is no clear or agreed upon definition of what constitutes environmental performance (Lober, 1996). There is still a significant lack of agreement concerning the definition and operationalization of this concept. In the accounting literature, environmental performance has mainly been examined in terms of the environmental impacts generated in the conduct of business, such as hazardous waste recycled (Al-Tuwaijri et al., 2004), toxic releases (Patten, 2002), pollution-level in discharged water (Cormier and Magnan, 1997), non-compliance with environmental statutes (Mobus, 2005), or environmental ratings of firms developed by external groups (i.e., Council on Economics Priorities’ (CEP) company rating chart, Dow Jones Sustainability Index, etc.).

However, the use of environmental impacts as a proxy for environmental performance restricts the scope of this multidimensional concept to only one aspect. Indeed, similar to the concept of performance that is not limited to only a financial aspect but also integrates other aspects (i.e., customer satisfaction, productivity, quality, innovation), the concept of environmental performance also covers numerous aspects (Ilinitch, Soderstrom, and Thomas, 1998). Building on the work of organizational theorists that have examined the concept of effectiveness since the 1950s (Henri, 2004), we use different effectiveness models to define environmental performance, namely the goal model, the system model, the strategic-constituencies model and the competing-values model. Based on those models, environmental performance is divided into two main dimensions, namely (i) results versus process, and (ii) internal versus external (Ilinitch et al. 1998). These dimensions are discussed next.

First, the results refer to the accomplishment of outcomes (Etzioni, 1960). Reflecting the goal model, the focus is on the ends: the achievement of financial and environmental outcomes. Hence, the environmental impacts used in past accounting research refer to results, as well as the financial consequences of environmental practices.  Although many authors have underlined the crucial importance of financial impact in the environmental management literature (e.g., Bennett & James, 2000; Porter & Van der Linde, 1995), this impact has not been addressed explicitly as an aspect of environmental performance. 

The process refers to the system model which, without neglecting the importance of the ends,  emphasizes the means needed to  achieve a specific end (Yuchtman and Seashore, 1967). Thus, reflecting a group of studies in the environmental management literature (e.g., Sharma & Vredenburg, 1998; Melnyk et al., 2003), environmental performance also refers to the process and product improvements resulting from the integration of environmental considerations in the operational decisions of the firm. Furthermore, following the strategic-constituencies model, the process also considers the powerful interest groups that gravitate towards the organization (Connolly et al., 1980). Consequently, reflecting the importance devoted to stakeholder relations within the environmental management literature, our definition of environmental performance also refers to the capacity of the organization to establish harmonious relationships among various stakeholders concerned with environmental issues.

The internal-external dimension is part of the competing-values model (Quinn and Rohrbaugh, 1983; Quinn, 1988). This model views the assessment of performance as an exercise grounded in values whereby performance is described along two sets of competing values; these values have either an internal or an external focus. In the context of environmental performance, the internal values emphasize ‘managerialism’ (Gray & Bebbington, 2000). Managerialism refers to a business-oriented view of environmental performance whereby the economic consequences of environmental actions are emphasized in the assessment of environmental performance. The external values refer to a sustainability-oriented view of environmental performance whereby environmental protection and enhancement are given a greater emphasis (Gray & Bebbington, 2000).

To integrate those two dimensions of environmental performance, we have adapted the integrative matrix developed by Ilinitch et al. (1998) and Lober (1996). The environmental performance matrix contains two axes: (a) the vertical axis refers to the process and results, and (b) the horizontal axis reflects the internal-external dimension. The junction of those two axes provides a framework for organizing the various views of environmental performance into four aspects. We specifically define these aspects as follows: (i) environmental impact and corporate image (external / results), (ii) stakeholder relations (external / process), (iii) financial impact (internal / results), (iv) process and product improvements (internal / process). Each of these four aspects is necessary but not sufficient for environmental performance. Only collectively can they help a firm to be effective which is why all four aspects are integrated into our definition as well as the operationalization of environmental performance. More specifically:

1. Environmental impact and corporate image refer to the overall reputation of the company and the degree to which organizations meet or exceed standards required by laws and regulations related to emissions and discharges. 

2. Stakeholder relations refer to the interaction between the organization and its various external constituencies, including its shareholders, the local community, the government, customers, suppliers, and industry.

3. Financial impact refers to the monetary consequences associated with environmental practices such as reduction in material costs, reduction in process/production costs and reduction in costs of regulatory compliance.

4. Process and product improvements refer to the integration of environmental issues into the operations resulting in a competitive advantage for the organization such as improved quality, increased productivity and improved innovation.

2.2 Overview of the conceptual model

Figure 1 presents a mediation model that reflects the relationships among eco-control, environmental performance, and economic performance. Eco-control is first expected to have a positive and direct influence on economic performance (hypothesis 1). Furthermore, eco-control is also expected to contribute positively and indirectly to economic performance through environmental performance (hypothesis 2). Consistent with the management accounting literature, various studies suggest that the relationship between MCS and performance is influenced by contextual factors (Chenhall, 2007). It is expected that the direct and indirect effects of eco-control on economic performance are greater for firms (i) facing greater environmental exposure, (ii) dealing with greater public visibility, (iii) reflecting greater environmental concern, (iv) facing more pressure from stakeholders, and (v) reflecting larger size (hypotheses 3-4). These relationships are discussed more specifically below. Also, considering the fact that eco-control is a subset of environmental management systems, we control for the influence of other environmental management practices on environmental performance, such as environmental audits, purchasing manual with ecological guidelines, environmental training, analysis of product life cycle and internal documentation. Based on past research, a positive relationship is expected to be found between those practices and environmental performance (e.g. Melnyk, Sroufe, and Calantone, 2003; Christmann, 2000; Sharma & Vredenburg, 1998).
-- Insert figure 1 --

2.3 Direct effect of eco-control on economic performance

While little evidence has been provided in past research to support the link between eco-control and economic performance, the management accounting literature encompasses a number of studies suggesting a positive relationship between MCS and economic performance (e.g. Baines & Langfield-Smith, 2003; Ittner et al., 2003; Luft & Shields, 2007; Emsley, 2000; Bonner et al., 2000; Said et al., 2003; Widener, 2006; Ittner & Larcker, 1997). These studies are used as support to advocate a positive association between eco-control and economic performance. 
As with MCS, eco-control is used to guard against undesirable behaviour and to encourage desirable actions (Merchant, 1982). That undesirable behaviour or those desirable actions specifically related to environmental issues can have a major impact on economic performance by leading to variation in costs of material, process and production, and regulatory compliance. They may also contribute to an increase (e.g., development of competitive advantages) or decrease (e.g., bad press and corporate image) in sales. 

Appropriate accounting information supports effective resource management and contributes to economic performance (Baines & Langfield-Smith, 2003). More specifically, eco-control is used to quantify the environmental actions of an organization and integrate the environmental concerns into the organizational routines. This quantification and integration of environmental issues improve the alignment among business strategy, environmental strategy and underlying value drivers. Eco-controls fosters alignment by connecting information systems, goals and objectives, resources allocation and performance evaluation to these value drivers (Ittner et al., 2003). Furthermore, eco-control allows for the provision of frequent feedback information. By comparing the gap between environmental results and expectations, eco-control allows managers to (i) adjust actions or strategies when results fall below expectations, (ii) improve communication of specific actions required to achieve those expectations, (iii) motivate performance against value drivers, (iv) direct managers to areas of critical concerns, and (v) better understand the links among objectives, actions and results (Said et al., 2003; Ittner & Larcker, 1997; Kaplan & Norton, 1996).

From an economic standpoint, eco-control may support economic performance by providing incremental information. By incorporating information concerning managerial actions and environmental issues that are not fully captured in financial results, eco-control can improve contracting, and ultimately economic performance (Said et al., 2003; Hemmer, 1996; Feltham & Xie, 1994; Banker & Datar, 1989). Also, following a resource-based view (Wernerfelt, 1984; Barney, 1991), eco-controls may contribute to the development and maintenance of organizational capabilities leading to the achievement of a sustainable competitive advantage and superior performance (Henri, 2006b).  
In sum, similar to MCS, eco-control promotes goal congruence between the individual and the organization, coordinates and communicates strategic priorities, directs managers to critical areas of concerns, and improves the allocation of resources and the establishment of priorities based on organizational goals (Flamholtz, Das, and Tsui, 1985; Flamholtz, 1983). Therefore, by contributing to resource management, eco-control fosters economic performance (Baines & Langfield-Smith, 2003). Formally stated:
H1: Economic performance is positively influenced by eco-control. 
2.4 Indirect effect of eco-control on economic performance through environmental performance

While hypothesis 1 predicts a direct effect of eco-control on economic performance, an indirect effect may also occur through environmental performance. Indeed, eco-control being a specific application of MCS, its effect may also be observable at an intermediary level of performance, i.e. environmental performance. This view is supported by some studies which provide evidence of a link between aspects of eco-control and environmental performance (e.g., Judge & Douglas, 1998; Wisner et al., 2006, Epstein & Wisner, 2005), and at a more general level, by studies providing evidence of a link between MCS and other levels of performance, such as manufacturing performance, quality performance and customer performance (e.g., Sim & Killough, 1998; Ittner et al., 2002; Chow et al., 1991; Selto et al., 1995).
More specifically, eco-control allows for the quantification of environmental actions and the integration of environmental concerns within organizational routines. By providing appropriate financial and ecological information, eco-control supports effective resource management and environmental performance. Indeed, by clarifying and translating vision and strategy, eco-control directs managers to critical areas of environmental matters, communicates the associations between employees' actions and environmental goals, improves the allocation of resources, and encourages the establishment of priorities based on such environmental goals (Epstein, 1996a; Epstein & Birchard, 2000). In other words, eco-control is expected to foster environmental performance in four ways: (i) by providing feedback, (ii) by providing information for decision-making, (iii) by focusing organizational attention, and (iv) by providing data for external reporting. These elements are discussed specifically next.
First, eco-control is used to monitor compliance with environmental policies, goals and regulations. It supports the attainment of pre-established environmental goals and closely monitors deviations from regulations (Simons, 1990

 ADDIN EN.CITE <EndNote><Cite><Author>Simons</Author><Year>1995</Year><RecNum>95</RecNum><MDL><REFERENCE_TYPE>1</REFERENCE_TYPE><REFNUM>95</REFNUM><AUTHORS><AUTHOR>Robert Simons</AUTHOR></AUTHORS><YEAR>1995</YEAR><TITLE>Levers of control: How managers use innovative control systems to drive strategic renewal</TITLE><PLACE_PUBLISHED>Boston</PLACE_PUBLISHED><PUBLISHER>Harvard Business School Press</PUBLISHER><PAGES>217</PAGES><ISBN>0-87584-559-2</ISBN><KEYWORDS><KEYWORD>management control, strategy, organizational learning</KEYWORD></KEYWORDS></MDL></Cite></EndNote>,1995). This reflects a feedback system relying on a cybernetic logic whereby goals are set in advance, output is measured, goals and output are compared, feedback is provided, and corrections are made if necessary (Hofstede, 1978). By providing feedback regarding the differences between environmental goals and outputs, eco-control is used as a database to facilitate single-loop learning on environmental issues (Abernethy & Brownell, 1999; Argyris & Schön, 1978). 

The use of eco-control as a monitoring tool also represents one instrument of communication between managers and subordinates to share information about environmental issues. As Kenis (1979) observed, communication of goals downward in an organization informs subordinates about the expectations of upper-management. Conversely, through upward-flowing reports comparing goals with actual performance, upper-management learns about the accomplishments and problems of lower management. 
At the individual level, providing goals and feedback enhance environmental performance by clarifying expectations, reducing ambiguity associated with tasks related to achieving environmental strategies, and providing a coherent reflection of environmental priorities (Chenhall, 2005). By guiding individual and group actions, eco-control becomes one vehicle in promoting environmental goal congruence between individuals and the organization (Flamholtz et al., 1985; Cyert & March, 1963). It motivates people to align their behaviour with the environmental goals of the organization and to exert additional effort, which in turn should improve environmental performance (Bonner et al., 2000; Epstein, 1996a). 

Eco-control also represents a source of information that provides data for internal decision-making. Managers constantly oversee strategic and operational issues and require information to support their analytical processes concerning issues in which they are taking the lead, or to explore ideas proposed by others (Langley, 1990). By revealing cause-and-effect relationships among environmental operations, strategy and goals, or between environmental and organizational issues (Atkinson, Waterhouse, and Wells, 1997; Chenhall, 2005), eco-control is used as a facilitator during the decision-making process and contributes to environmental performance. Managers need a considerable amount of information from their eco-controls to support decisions made related to cost reduction, process and production efficiency, regulatory compliance, and product improvement (Epstein, 1996b; Burritt, 2004; Eckel et al., 1992). 

Furthermore, eco-control motivates continuous improvement by focusing organizational attention toward environmental concerns. It sends a clear message from top-management that environmental performance is important to the firm (Epstein, 1996a).  Environmental goals can be achieved with eco-controls that force managers to focus on both profit-related activities and activities related to environmental performance (Lothe et al., 1999; Gabel & Sinclair-Desgagné, 1993). If performance is rewarded based only on profit or revenue contributions, employees quickly recognize that trade-offs on the environment are acceptable and thus, environmental performance will be affected negatively (Epstein, 1996a). 

Eco-controls send cues related to environmental issues, promote discussion, debate, and information exchanges (Simons, 1990). In providing an agenda and a forum for regular face-to-face debate and dialogue, eco-control supports the development of environmental initiatives leading to cost reductions, process innovations and product improvements. Indeed, it has the power to represent a positive trigger that fosters creative and inspirational forces (Simons, 1995). According to Dent (1990), curiosity and experimentation can be fostered by control systems. By motivating continuous improvement, eco-control contributes to the development of complex rules and associations regarding new environmental actions, and the development of an understanding of causation, which is associated with double-loop learning (Argyris & Schön, 1978). 

Lastly, eco-control also contributes to environmental performance when used to provide data for external reporting. Indeed, environmental reporting represents a means for the organization to respond to various stakeholder pressures (e.g. investors, customers, shareholders, etc.) by disclosing financial and non-financial impacts of environmental matters. Those practices contribute to the creation of a good corporate image, influence reputation and gain marketing benefits by influencing the public’s perception of the operations of the organization (Dixon, Mousa, and Woodhead, 2005). Environmental disclosures may be used to seek or maintain social legitimacy (Patten, 2005). More specifically, organizations must demonstrate that they are operating within the norms and values of society in order to reduce the likelihood of costly public policy actions against the organization. Hence, formally stated:

H2a: Environmental performance is positively influenced by eco-control.
Traditional economic thought suggests an inverse relationship between environmental performance and economic performance because of the trade-off between the profitability of a firm and its environmental responsibilities (Al-Tuwaijri et al., 2004). Environmental issues are characterized as generating costs that firms never recover and representing financial diversions from vital productive investments (Russo & Fouts, 1997).  However, despite initial investments that increase costs in the short term, operating costs can be reduced by exploiting ecological efficiencies, such as waste reduction, energy conservation, materials reutilization, and life-cycle costs perspective (Porter & Van der Linde, 1995). Furthermore, superior environmental performance provides a basis for creating a competitive advantage and the opportunity to increase revenues by fulfilling the needs of “green” consumers (Hart, 1995). Following the resource-based view of the firm, organizational performance would be enhanced by (i) physical assets and environmental technology that outperform equivalent assets of competitors, (ii) the development of unique organizational capabilities related to environmental management, and (iii) intangible resources such as a reputation for leadership in environmental affairs and the ability to influence public policies in ways that would give a competitive advantage (Russo & Fouts, 1997). 

Furthermore, superior environmental performance reduces long-term risks associated with resource depletion, fluctuations in energy costs, product liabilities, as well as pollution and waste management (Shrivastava,  1995).  Moreover, by cutting emissions well below the required level,  firms can reduce compliance and liability costs and get ahead of the regulatory curve (Shrivastava, 1995). Lastly, it is worth mentioning that superior environmental performance provides the opportunity to improve public relations and corporate image, as well as to gain social legitimacy (Dixon et al., 2005; Patten, 2005), which may contribute to economic performance. 
Eco-control has been linked to environmental performance (hypothesis 2a). It has been argued above that environmental performance has a positive influence on  economic performance. Thus, eco-control is expected to have indirect implications for economic performance by influencing environmental performance. In other words, eco-control influences environmental performance, which in turn influences economic performance. Therefore, it is argued that eco-control, as a specific application of MCS may not only affect economic performance but also the intermediary level of performance, namely environmental performance, which in turn influences economic performance. The following hypothesis is thus proposed:

H2b: Economic performance is positively influenced by eco-control through environmental performance.
2.5 Effects of contextual variables
Considering the potential influence of other factors on the relationships among eco-control, environmental performance and economic performance, five contextual factors are examined, namely (i) environmental exposure, (ii) public visibility, (iii) environmental concern, (iv) stakeholder pressures, and (v) size. Environmental exposure refers to the firm’s exposure to future environmental costs, while  public visibility refers to exposure of the firm to public scrutiny (Al-Tuwaijri et al., 2004). Environmental concern is defined as the importance devoted by the firm to integrating environmental issues within organizational practices, while stakeholder pressures are defined as the expression of interest and influence by groups or individuals (Henriques & Sadorsky, 1999). 
These factors have been chosen for various purposes. First, their influence has been documented in past environmental management and accounting research (e.g. Sharma & Vredenburg, 1998; Judge & Douglas, 1998; Buysse & Verbeke, 2003; Wagner & Schaltegger, 2004; Henriques & Sadorsky, 1999; Al-Tuwaijri et al., 2004).  Secondly, these factors have combined internal and external perspectives, as well as general organizational factors and specific environmental factors.
 Lastly, these factors refer directly or indirectly to common factors examined in the MCS literature, namely strategy, external uncertainty, and size (Chenhall, 2007).
Firms facing greater environmental exposure may have greater incentives to perform well environmentally considering the potential future costs, while firms exposed to greater public scrutiny may be more likely to incur political costs associated with poor environmental and economic performance (Al-Tuwaijri et al., 2004). When the choice to integrate environmental issues within organizational practices is completely voluntary, it reflects a strong commitment by management to the improvement of environmental, and ultimately, economic performance. Also, firms facing more pressure from stakeholders have greater incentives to perform well environmentally and economically in order to persuade stakeholders that their investments and the firms operations are not conveying important risk (Al-Tuwaijri et al., 2004).  Lastly, the relative importance of the environmental activities of larger firms being more material, the potential cost savings or revenue improvements related to environmental matters may be more important. Therefore, in those contexts, the direct and indirect influence of eco-control on economic performance may be greater considering the importance of environmental activities and issues. Formally stated:
H3: The direct effect of eco-control on economic performance is greater for firms (a) facing greater environmental exposure, (b) dealing with greater public visibility, (c) reflecting greater environmental concern, (d) facing more pressure from stakeholders, and (e) reflecting larger size.
H4: The indirect effect of eco-control on economic performance through environmental performance is greater for firms (a) facing greater environmental exposure, (b) dealing with greater public visibility, (c) reflecting greater environmental concern, (d) facing more pressure from stakeholders, and (e) reflecting larger size.
3. RESEARCH METHOD

3.1 Research Design

We collected data from a survey administered to a random sample of 1500 Canadian manufacturing firms from Scott’s Manufacturing database. In this study, ‘firm’ is a fully autonomous entity or a subunit of a larger firm. In all cases, they appeared as separate entities in the database. We selected organizations with 100 employees or more, and reporting sales of over $20 million. These criteria are intended to ensure that organizations are large enough for organizational variables to apply (Miller, 1987) and that management control systems are sufficiently developed (Bouwens & Abernethy, 2000). The final sample comprised 1447 organizations (considering wrong addresses, organizations that moved, etc).

The questionnaire was first validated using a pre-test administered to various academics and managers. This pre-test confirmed the understanding of each of the measurement instruments. We then sent the questionnaire to the CEO or another member of the top- management team (COO or senior vice-president) of each firm along with a letter explaining the purpose of the study and a self-addressed stamped envelope was included with the questionnaire. Three weeks after the initial mailing, 500 organizations randomly selected from among the non-respondents received a reminder by telephone. All the other organizations that did not respond to the questionnaire following the initial mailing and that were not selected for the telephone follow-up received a replacement questionnaire. 

n troisième groupe de de U
We received a total of 303 usable questionnaires, for a response rate of 20.9%
. On average, firm size was 710 employees and the respondents had on average 13.7 years of experience working for their organization. Appendix 1 presents the profile of the respondents. We performed an analysis of the non-response bias to confirm the validity of the data. Initially, the comparison between respondents and non-respondents with respect to size, industry and geographical region did not reveal any significant differences. Moreover, the comparison between the first and last 10% of respondents (the latter being used as a proxy for the non-respondents) did not reveal any significant differences in the responses obtained for the main constructs of the study. Hence, it appears that non-response bias is not a major concern in this sample.

3.2 Measurement of Constructs

Appendix 2 presents the instruments used to measure the main constructs. Descriptive statistics of the main constructs and correlation matrix are presented in Table 1. Three instruments were used to measure eco-control. First, the use of performance measures was measured using an instrument developed by Bennett & James (1998) containing four items ranging on a seven-point Likert-type scale (1=not used at all, 7=used extensively). The respondents were asked to indicate to what extent the organization uses environmental performance indicators to (i) monitor internal compliance with environmental policies and regulations, (ii) provide data for internal decision-making, (iii) motivate continuous improvement, and (iv) provide data for external reporting. A higher score indicates a greater use of performance measures.

-- Insert table 1 --

We developed a three-item instrument to measure the integration of environmental issues into the budget. The instrument contains three questions asking the respondents to rate the extent to which (i) environmental expenses, (ii) environmental investment, and (iii) incomes from material scrap or recycled waste are detailed in the budget of the organization, each on a seven-point Likert-type scale (1=not detailed at all, 7=very detailed). A higher score indicates a more detailed integration of environmental matters into the budgeting of the firm. 
The integration of environmental criteria into the incentive system was measured using an instrument developed by Sharma (2000) containing three items ranging on a seven-point Likert-type scale (1=not at all, 7=to a very great extent). A higher score indicates more integration of environmental criteria into the incentive system.

Environmental and economic performance are measured using a perceptual instrument. As several authors argue, in terms of consistently providing valid and reliable performance assessment, neither objective nor subjective measures are superior (e.g., Venkatraman & Ramanujam, 1987; Dess & Robinson, 1984). Environmental performance is adapted from the instrument developed by Sharma & Vredenburg (1998). The respondents were asked to indicate the extent to which environmental practices have led to various types of benefits (e.g. a reduction in material costs, increased productivity, better relationships with stakeholders, overall company reputation). The questionnaire contains fifteen items ranging on a seven-point Likert-type scale (1=no contribution, 7=very large contribution) and covers the two axes of the environmental performance matrix discussed previously, namely (i) process (nine items) and results (six items), and (ii) internal (eleven items) and external (four items). A higher score indicates better environmental performance. In order to establish the validity of the answers provided by the respondents, the mean score of the items was compared with objective data obtained from a public database. The results show significant correlations between those two sets of data and thus, support the validity of the construct.

Economic performance is measured with an instrument using three indicators: (i) return on investment (ROI); (ii) operating profits, and (iii) cash flow from operations. The respondents were asked to indicate the performance of their organization over the past twelve months compared to their leading competitors based on a seven-point Likert-type scale (1=well below average, 7=well above average). A higher score indicates better economic performance. We measured the other environmental management practices using twelve items from the instrument of Aragon-Correa (1998). The respondents were asked to indicate the importance of each item on natural environment-related practices in their organization using a seven-point Likert-type scale (1=not important at all, 7=very important). A higher score indicates more importance devoted to those practices. 
Lastly, the contextual factors are measured as follows. Environmental exposure was measured with a dichotomous variable using the data from NPRI to identify low and high polluting industries (see note 6). Ownership was used as a proxy to measure public visibility based on a dichotomous variable. Private firms are associated with low public visibility while public ones are associated with high visibility. The environmental concern is measured using a four-item instrument developed by Judge & Douglas (1998). Higher scores indicate more integration of environmental issues into the strategic planning process, i.e. more environmental concern. Stakeholder pressures are measured using the instrument of Buysse & Verbeke (2003) containing sixteen items where higher scores indicate more pressure from various stakeholders. Size is measured using the natural log of the number of employees. 

To establish the reliability of each construct, we examined the Cronbach Alpha and composite reliability. The constructs must exceed the recommended cut-off point of 0.70 to reflect an acceptable level (Nunnally, 1967; Fornell & Larcker, 1981). Moreover, to verify convergent validity, the variance extracted has been analyzed and we have performed first-order confirmatory factor analyses (CFA) for three constructs (i.e. environmental performance, economic performance and other environmental management practices) and second-order CFA for eco-control. The variance extracted must exceed the recommended cut-off point of 0.50 to reflect acceptable validity (Hair et al., 1998). Three main elements were examined for the CFA, namely the significance of the standardized factor loading and the R2 for each item, and the overall acceptability of the measurement model using chi-square statistics and three fit indices. Those indices, namely NNFI (non-normed fit index), CFI (comparative-fit index), and RMSEA (root mean square error of approximation) reflect two complementary types of indices (absolute fit and incremental fit measures) and they are among the most frequently reported.
 Lastly, discriminant validity has been assessed by comparing the variance extracted from each individual construct with the squared correlation between latent constructs (Fornell & Larcker, 1981). To support discriminant validity, the variance extracted for each construct must exceed the squared correlations.

Appendix 2 presents the statistics of the measurement analysis for the initial and respecified models. Respecifications were necessary for the following constructs: (i) eco-control (one item was deleted because of inadequate R2); (ii) environmental performance (two items were deleted because of inadequate R2 and variance extracted < 0.50); and (iii) other environmental management practices (two items were deleted because of inadequate R2).  After those respecifications, all constructs exceed the recommended cut-off point for the Cronbach Alpha, composite reliability and variance extracted, exhibit acceptable model fit, reflect adequate R2, and all factor loadings are statistically significant (p<0.01). All comparisons between the variances extracted and the squared correlations support the discriminant validity of the constructs.
Data analysis

The data analysis follows three steps. First, structural equation modeling (SEM) is used to test the meditation model (figure 1). SEM consists of a set of linear equations that simultaneously test two or more relationships among directly observable and/or unmeasured latent variables (Bollen, 1989; Bollen & Long, 1993). We analyzed data collected from the survey with LISREL 8.72 and used a covariance matrix as an input matrix.
  To check the overall goodness of fit of a model in the presence of multivariate non-normal data, maximum likelihood estimates, which are robust to such violations, and multiple indices, are suggested (Bentler & Chou, 1987). Furthermore, composite indices and a partial disaggregation approach were used to represent latent constructs (Bagozzi & Heatherton, 1994).
 As suggested by Landis et al. (2000), three indicators were used per latent construct. Also, among various methods proposed to form composite indices, the single-factor method has been chosen
.

Second, still using SEM, sub-group analyses are conducted to assess the influence of the five contextual factors on the mediation model. Splitting the sample at the median for each contextual factor, two sub samples are created and compared. Lastly, considering the importance of the mediation effect in our model, we intend to provide an approximate significance test for the indirect effect of eco-control on economic performance via environmental performance. We use the Sobel test to assess whether the mediator carries the influence of the independent variable to the dependent variable (Sobel, 1982). More specifically, we use the Aroian version of the Sobel test because it does not make the unnecessary assumption that the product of the standard errors is vanishingly small (Baron & Kenny, 1986). We conduct this test for the global sample as well as for each sub-group.
4. RESULTS
Table 2 presents the results of the overall model in terms of path coefficients, Z statistics, number of iterations, proportion of variance (R2), and goodness-of-fit indices. Table 3 presents the same information for the ten sub-group analyses based on the contextual factors. The models respect the recommended threshold mentioned previously, except for the RMSEA of some models which is slightly above the threshold. This globally indicates a good fit of the data to the models.  No respecification was made to the initial models and no starting values were used. 

- Insert table 2 - 
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4.1  Direct effect of eco-control on economic performance

The results of the overall model (table 2) do not reflect a significant direct relationship between eco-control and economic performance. The same absence of relationship is also observed for each sub-group analysis (table 3). Those results fail to support hypotheses 1 and 3. This is contrary to the predictions and results of many prior studies that have found links between MCS and economic performance. However, while those studies examine MCS globally, our results focus specifically on eco-control, i.e. the integration of environmental concerns within MCS. This suggests that a specific application of MCS may not directly affect economic performance but will instead affect an intermediary level of performance, in the present case environmental performance (which will be discussed later). At a more general level, this may also suggest that MCS may not affect economic performance directly but indirectly via other levels of performance (e.g., operational performance, manufacturing performance, etc.) or organizational actions / initiatives. 
Furthermore, as reported by Ittner et al. (2003), while having a positive effect on economic performance, one may argue that eco-control also has a negative effect by (i) making the systems too complex and difficult to understand, (ii) promoting information overload, (iii) spreading agents’ efforts over too many objectives, (iv) reducing motivation by including multiple goals that are inconsistent in the short term, and (v) increasing administrative costs relative to simpler systems. The ‘costs’ of eco-control may offset its ‘benefits’, and thus the results do not reflect any statistical effect. 
4.2 Indirect effect of eco-control on economic performance through environmental performance

The results of the overall model (table 2) suggest a positive and significant relationship between eco-control and environmental performance (0.662; p<0.01). The same positive and significant relationship between eco-control and environmental performance is also observed in all sub group analyses (table 3), providing strong support for hypothesis 2a. Indeed, these results suggest that the integration of environmental matters within MCS contribute to increased environmental performance. The eco-control provides appropriate accounting and ecological information that supports effective resource management. More specifically, eco-control directs managers to critical areas of environmental issues, and encourages the establishment of priorities based on such concerns. It provides information that supports decision-making and improves the allocation of resources. 

As previously mentioned, the examination of the influence of eco-control on environmental performance has been controlled for other environmental management practices. While those practices are positively and significantly associated with environmental performance in the overall model (0.180; p<0.01), this relationship is not reflected in each sub-group analysis. Indeed, in a context where firms have limited environmental concerns and also face minimal  pressure from stakeholders, the influence of the other environmental management practices is not significant. Interestingly, while these results are not necessarily surprising, the positive influence of eco-control on environmental performance remains significant in those contexts. This suggests that eco-control may be one central component of the environmental management system that is adequate to support environmental performance in various organizational contexts. 

The overall model does not reflect a significant relationship between environmental and economic performance. Hence, despite the significant link between eco-control and environmental performance, no support is provided for H2b, namely the indirect effect of eco-control on economic performance through environmental performance.  However, the sub-group analyses show a positive and significant association between environmental and economic performance in specific contexts: (i) higher environmental exposure (0.258; p<0.05), (ii) higher public visibility (0.491; p<0.01), (iii) higher environmental concern (0.259; p<0.05), and (iv) larger firms (0.253; p<0.01). Those results suggest the present of an indirect effect of eco-control on economic performance through environmental performance in those specific contexts. No relationship is observed when dividing the sample based on stakeholder pressures. 
Table 4 presents the results of the Sobel tests for the overall model as well as for each sub-group. The results are in line with the conclusion of tables 2 and 3. First, no mediating effect of environmental performance on the relationship between eco-control and economic performance is suggested for the overall model and for the sub-group of high stakeholder pressure. However, the indirect effect is significant in the same specific contexts, namely: (i) high environmental exposure (p<0.05), (ii) high public visibility (p<0.01), (iii) high environmental concern (p<0.05), and (iv) large firms (0.253; p<0.01). Hence, strong support is provided for hypotheses 4a, 4b, 4c, and 4e. 
- Insert table 4 - 

Overall, eco-control has no direct effect on economic performance globally or in different contexts. Being focused specifically on environmental issues, it positively affects positively  environmental performance (overall and in each sub-group). The mediating effect of environmental performance on the link between eco-control and economic performance holds for a subset of firms reflecting different contextual factors. More specifically, eco-control indirectly influences economic performance when  (i) environmental exposure is higher, (ii) public visibility is higher, (iii) environmental concern is higher, and (iv) size is larger. In those specific contexts, following the ‘win-win’ logic, the results support a positive influence of environmental performance on economic performance. Firms benefit from cost reductions through ecological efficiencies, the development of green markets and first-mover advantage, better community relations, and improved image. The importance of environmental activities and issues in those contexts explain the value and usefulness of eco-control in supporting environmental performance, which in turn has a positive influence on economic performance.
4.3 Sensitivity analyses

To validate the robustness of the overall model, additional analyses on a specific model have been conducted to examine in detail the links for each practice of eco-control, namely the use of performance measures, budgeting and incentives. According to standardized results (not tabulated), PMS (0.323; p<0.01) and incentives (0.237; p<0.01) are significantly associated with environmental performance while budgeting is only significant at the 0.10 level. Furthermore, as with the overall model, the results do not show any significant relationships between three eco-control practices and economic performance. It should be noted that in the overall model, eco-control and the other environmental management practices explain 47% of the variance of environmental performance. In the specific model, the proportion of variance of environmental performance that is accounted for by the three individual components of eco-control and the other environmental management practices is 42%. In other words, the combined eco-control construct has greater exploratory power than the three individual components.
In order to provide for a more comprehensive test, we run a model including the five contextual factors as control variables.  This model includes the links among the contextual factors and eco-control as well as environmental performance. Another link has been added, namely size to economic performance. Although the integration of those new variables reduces the statistical power and leads to an insufficient ratio of observations per estimated parameter to test the structural model, the results allow for the validation of the original model. Indeed, we find a significant relationship between eco-control and environmental performance (0.917; p<0.01) but no link was found between economic performance and eco-control as well as environmental performance. 
To examine the potential influence of industry on the results, the overall model has been run with the environmental and economic performance variables operationalized as follows: the three composite indices of those two variables are adjusted for industry by subtracting the dominant two-digit industry average from their respective firm counterparts. The results remain qualitatively unchanged as all the results that were previously significant are still significant at the 0.01 level and the paths that were not significant remain unchanged. 
To examine the potential influence of specific aspects of environmental performance on the results, the overall model has been estimated for each of the four aspects of the environmental performance matrix. Eco-control is positively and significantly associated with each of the four aspects of environmental performance (p<0.01). The relationship between environmental and economic performance is not significant for each aspect. Overall, this suggests that the results are not driven by specific aspects of environmental performance and that the relationships are not influenced by the number of items in each performance cell of the matrix. It should be noted that eco-control and environmental performance explain 1.7% of the variance of economic performance. When the model is run for each aspect of environmental performance, the proportion of variance that is accounted for varies between 1% and 1.5%. In other words, the four aspects of environmental performance have greater exploratory power than the individual components.
Lastly, to provide for a general validation of the results, the overall model has been run for a sample of 134 firms using the public data provided by NPRI (see footnote 6). While the results support a positive influence of eco-control on environmental performance (0.185; p<0.05), no significant association has been found between economic performance and eco-control, as well as environmental performance. While the data from NPRI reflects mainly one aspect of environmental performance (i.e. environmental impact and corporate image), these results support the conclusions of the overall model as well as those of the analysis conducted for each performance aspect.
5. CONCLUSION

The aim of this study was to examine the influence of the integration of environmental matters within management control systems on environmental and economic performance. More specifically, it uses a mediation model to investigate the direct effect of eco-control on economic performance, as well as the indirect effect through environmental performance. Overall, eco-control has no direct effect on economic performance. A mediating effect of environmental performance on the link between eco-control and economic performance is observed in different contexts. More specifically, eco-control has an indirect influence on economic performance in the context of (i) higher environmental exposure, (ii) higher public visibility, (iii) higher environmental concern, and (iv) larger size.
A number of theoretical contributions and practical implications can be derived from our results. From a theoretical standpoint, this paper contributes to the management accounting and environmental management literatures by providing insight into the roles and contributions of management accounting in a context of sustainable development. It consolidates the role of accounting in a context of sustainable development as a tool fostering transparency and accountability (Gray, 1992). As suggested by Mathews, (1997:481), environmental accounting, as a field of study, “must lead to action and change in the relationship between business, the stakeholders which make up society and the environment which we need to support us all”. Furthermore, this study presents a holistic view of environmental performance by integrating not only one aspect of the construct but four aspects, namely process and product improvements, stakeholder relations, regulatory compliance and financial impact, as well as environmental impact and corporate image. Lastly, it contributes to the MCS literature by providing evidence that the link between control systems and economic performance is not necessarily direct. It may occur via other levels of performance or specific organizational actions or initiatives. 
Although numerous studies have addressed issues related to environmental disclosure and reporting, little is known about other dimensions of environmental accounting, especially eco-control. As observed by Burritt (2004), empirical research in environmental management accounting is scarce and is focused more on describing than on analyzing or critically evaluating the effectiveness of tools. Thus, this paper contributes to the current literature by providing empirical data shedding some light on the current practices and application of eco-control in manufacturing firms. Our results also reflect the importance of integrating the environmental dimension into MCS to increase environmental and economic performance. 

This study also has important implications for management practices. Considering the economic performance resulting from improvements in environmental performance, managers should be aware of the importance of integrating environmental matters into the existing management control systems. More specifically, there are many ways to integrate environmental issues into the control systems: (i) developing specific performance indicators (e.g. inputs of energy, outputs of solid waste, financial impact, etc.), (ii) frequently using those indicators to monitor compliance, to support decision-making, to motivate continuous improvement and for external reporting, (iii) fixing specific goals in the budget for the environmental expenses, incomes and investment, and (iv) linking environmental goals and indicators to rewards.

This study is subject to potential limitations in terms of internal and external validity. First, for any proposed structural model, other structural models tested using the same data may suggest different relationships among latent constructs and reflect equivalent levels of fit (MacCallum et al.,1996). The possible existence of an equivalent model is problematic and constitutes a limitation of the current results obtained.  Second, no clear evidence of causality can be established with survey data obtained from cross-sectional analyses. Rather the evidence must be considered consistent with theoretical arguments and predicted relationships. Third, this study is static, i.e., it does not incorporate the evolution of eco-controls and performance over time. Lastly, using the survey method to collect data creates a potential for bias due to common response. 

Appendix 1  Description of the sample
	POSITION
	%
	Experience within the firm (average in years)

	CEO / General manager
	29%
	18.9

	COO 
	21%
	11.3

	Senior Vice-presidents
	26%
	13.3

	Environmental representatives a
	14%
	9.3

	Other
	10%
	10.9

	Average
	
	13.7


a This group includes various environmental representatives such as advisor, coordinator, specialist, manager, and supervisor.

	INDUSTRY

	SIC code
	#

	20  Food and kindred products
	26

	21  Tobacco manufactures
	1

	22  Textile mill products
	5

	23  Apparel and other textile products
	5

	24  Lumber and wood products
	42

	25  Furniture and fixture
	15

	26  Paper and allied products
	27

	27  Printing and publishing
	4

	28  Chemicals and allied products
	17

	29  Petroleum and coal products
	6

	30  Rubber and misc. plastics products
	19

	31  Leather and leather products
	2

	32  Stone, clay, glass, and concrete products
	9

	33  Primary metal industries
	16

	34  Fabricated metal products
	25

	35  Industrial machinery and equipment
	31

	36  Electrical and electronic equipment
	20

	37  Transportation equipment
	26

	38  Instrument and related products
	4

	39  Misc. manufacturing industries
	3

	TOTAL

	303


	SIZE

	Number of employees
	#

	< 100
	7

	between 100 and 499
	192

	between 500 and 999
	65

	between 1 000 and 4 999
	35

	> 5 000 
	4

	TOTAL
	303

	AVERAGE
	710


Note: The seven firms included in the 100 employees or less have been classified in accordance with the answer of the survey’s respondents. These firms have been previously identified and selected in the Scott’s database as firm of more than 100 employees. 

Appendix 2   Questionnaire Items and Statistics of Measurement Analysis

Eco-control (second-order model)

	Items
	Initial model
	Respecified model

	
	Standardized  loadings
	R2
	Standardized  loadings
	R2

	Use of performance measures
   Monitor internal compliance with environmental policies 
   and regulations
	

0.871**
0.865**
	0.758
0.748


	0.873**
0.865**
	0.762
0.748



	   Provide data for internal decision-making
	0.930**
	0.865
	0.930**
	0.865

	   Motivate continuous improvement
	0.888**
	0.789
	0.888**
	0.789

	   Provide data for external reporting

Budgeting
   Environmental expenses

   Environmental investment

   Incomes from material scrap or recycled wastes

Incentives
   Environmental indicators are important in reward systems
   Environmental performance objectives are included in the   

   planning systems

   Environmental performance indicators are weighted on 

   par with economic performance indicators

	0.736**

0.798**
0.926**

0.914**

0.431**

0.806**
0.865**

0.909**

0.908**
	0.542
0.636
0.857

0.835

0.186

0.649
0.748

0.826

0.825
	0.736**
0.793**
0.936**

0.905**

--

0.804**
0.865**

0.909**

0.908**
	0.542
0.629
0.876

0.819

--

0.646
0.748

0.826

0.825

	Goodness-of-fit of the model:    

Cronbach Alpha

Composite reliability:

Variance extracted:
	χ2 (32) = 51.778 p < .05
NNFI= .993; CFI=.995; RMSEA = 0.045
0.921
0.962

0.722
	χ2 (24) = 40.372 p < .05

NNFI= .994; CFI=.996; RMSEA = 0.048
0.930

0.969
0.782


Environmental performance

	Items
	Initial model
	Respecified model

	
	Standardized  loadings
	R2
	Standardized  loadings
	R2

	Reduction in material costs
	0.695**
	0.483
	0.751**
	0.564

	Reduction in process/production costs
	0.760**
	0.578
	0.793**
	0.629

	Reduction in costs of regulatory compliance
	0.658**
	0.432
	0.683**
	0.467

	Increased process/production efficiency
	0.820**
	0.672
	0.849**
	0.721

	Increased in productivity
	0.803**
	0.645
	0.846**
	0.716

	Increased knowledge about effective ways of managing operations
	0.853**
	0.728
	0.868**
	0.753

	Improved process innovations
	0.842**
	0.708
	0.859**
	0.738

	Improved product quality
	0.768**
	0.590
	0.804**
	0.646

	Improved product innovations
	0.713**
	0.508
	0.763**
	0.582

	Organizational-wide learning among employees
	0.749**
	0.561
	0.754**
	0.569

	Better relationships with stakeholders such as local communities, regulators, and environmental groups
	0.619**
	0.383
	0.596**
	0.355

	Improved employee morale
	0.695**
	0.483
	0.706**
	0.498

	Overall improved company reputation or goodwill
	0.692**
	0.479
	0.672**
	0.452

	Filters and controls on emissions and discharges
	0.253**
	0.064
	-
	-

	Residue recycling
	0.299**
	0.090
	-
	-

	Goodness-of-fit of the model:    

Cronbach Alpha

Composite reliability:

Variance extracted:
	χ2 (86) = 559.97 p< .001; NNFI= 0.939; CFI=0.950; RMSEA = 0.135

0.934

0.933

0.494
	χ2 (61) = 432.3 p<.001

NNFI= .945; CFI=.957; RMSEA = 0.139

0.944

0.949

0.591


Economic performance

	Items
	Initial model
	Respecified model

	
	Standardized  loadings
	R2
	Standardized  loadings
	R2

	Return on investment (ROI)
	0.893**
	0.798
	-
	-

	Operating profits
	0.963**
	0.927
	-
	-

	Cash flow from operations
	0.890**
	0.791
	-
	-

	Goodness-of-fit of the model:    

Cronbach Alpha

Composite reliability:

Variance extracted:
	χ2 (0) = 0 p> .001

 NNFI= 1.0; CFI=1.0; RMSEA = 0.00 

0.939

0.940

0.839
	-


Note: * Significant at the .05 level  ** Significant at the .01 level.

Other environmental management practices

	Items
	Initial model
	Respecified model

	
	Standardized  loadings
	R2
	Standardized  loadings
	R2

	Use of natural environmental arguments in marketing
	0.609**
	0.370
	0.597**
	0.356

	Natural environmental aspects in administrative work
	0.704**
	0.495
	0.707**
	0.499

	Periodic natural environmental audits
	0.817**
	0.668
	0.825**
	0.681

	Purchasing manual with ecological guidelines
	0.730**
	0.533
	0.723**
	0.522

	Natural environmental seminars for executives
	0.744**
	0.554
	0.739**
	0.546

	Natural environmental training for firm’s employees
	0.827**
	0.683
	0.829**
	0.687

	Total quality program with natural environmental aspects
	0.790**
	0.624
	0.798**
	0.637

	Pollution damage insurance
	0.531**
	0.282
	--
	--

	Natural environmental management manual for internal use
	0.840**
	0.705
	0.850**
	0.723

	Natural environmental analysis of product life cycle
	0.668**
	0.446
	0.656**
	0.430

	Participation in government-subsidized natural environmental programs
	0.581**
	0.338
	--
	--

	Sponsorship of natural environmental events
	0.640**
	0.410
	0.621**
	0.386

	
	
	
	
	

	Goodness-of-fit of the model:    

Cronbach Alpha

Composite reliability:

Variance extracted:
	χ2 (54) = 234.5 p< .001; NNFI= 0.960; CFI=0.967; RMSEA = 0.105
0.923
0.920
0.496
	χ2 (35) = 129.1 p<.001

NNFI= .969; CFI=.976; RMSEA = 0.094
0.922
0.923
0.547
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FIGURE 1 Conceptual framework








Table 1 Descriptive statistics and correlation matrix of the main constructs
	
	Eco-control


	Environmental performance


	Economic performance


	Other env. man. practices

	Descriptive statistics
	
	
	
	

	No. of items
	9
	13
	3
	10

	Theoretical range
	1-7
	1-7
	1-7
	1-7

	Minimum
	1.0
	1.0
	1.0
	1.0

	Maximum
	6.90
	6.70
	7.0
	6.50

	Mean
	4.21
	3.79
	4.13
	3.68

	Standard deviation
	1.54
	1.42
	1.49
	1.37

	Median
	4.5
	4.0
	4.33
	3.70


	Correlation matrix (Pearson)
	
	
	
	

	
	
	
	
	

	Eco-control
	1.0
	
	
	

	Environmental performance
	0.66**
	1.0
	
	

	Economic performance
	0.11
	0.15*
	1.0
	

	Other env. man. practices
	0.70**
	0.55**
	0.09
	1.0


Note 1:  * Significant at the .05 level  ** Significant at the .01 level.

Table 2 Standardized results of the structural equation model
	Description of path
	Path

coefficient
	Z statistics
	R2

	Eco-control            Economic performance
	0.039
	0.431
	0.017

	Environmental performance          Economic  performance
	0.102
	1.184
	

	Eco-control            Environmental performance
	0.662
	11.551**
	0.471

	Other env. man. practices            Environmental  performance
	0.180
	3.772**
	

	Goodness-of-fit indices:   χ2 (50) = 242.45 p < 0.01;  NNFI= .93; CFI=.95; RMSEA = .11
Number of iterations: 14                                                                                                                        n=303


* p < 0.05   ** p < 0.01

Table 3 Standardized results of sub-groups analyses
	Description of path and 

expected sign


	PATH COEFFICENTS 

	
	Environmental exposure
	Public visibility
	Environmental concern
	Stakeholder pressures
	Size

	
	Low
	High
	Low
	High
	Low
	High
	Low
	High
	Small 
	Large

	Eco-control            

Economic performance


	0.057
	-0.049
	0.182
	-0.277
	0.130
	-0.260
	0.131
	-0.031
	0.200
	-0.085

	Environmental performance       Economic performance


	0.046
	0.258*
	-0.123
	0.491**
	-0.137
	0.259*
	0.057
	0.090
	-0.055
	0.253**

	Eco-control            
Environmental performance


	0.674**
	0.608**
	0.685**
	0.689**
	0.649**
	0.499**
	0.656**
	0.610**
	0.664**
	0.654**

	Other env. man. practices            Environmental performance


	0.127*
	0.416**
	0.132*
	0.228**
	0.071
	0.314**
	0.135
	0.151**
	0.221**
	0.145**

	R2 for environmental performance
	0.470
	0.543
	0.446
	0.526
	0.427
	0.348
	0.448
	0.394
	0.489
	0.449

	R2 for economic performance 
	0.009
	0.054
	0.019
	0.131
	0.012
	0.068
	0.030
	0.009
	0.029
	0.043

	Fit indices of the model:  Chi-square

                                          D.F.

                                          p-value

                                          NNFI

                                          CFI

                                          RMSEA

Number of cases (n)
	160.73
50

<0.01

0.93
0.95
0.10
203
	123.12
50
<0.01
0.92
0.94
0.12
100
	142.88

50

<0.01

0.93
0.95
0.10
180
	130.29

50

<0.01

0.93
0.95
0.11
123
	139.41

50

<0.01

0.93
0.95
0.11
159
	116.07

50

<0.01

0.92
0.94
0.10
144
	143.78

50

<0.01

0.92
0.94
0.11
155
	122.66

50

<0.01

0.93
0.95
0.10
148
	131.56
50
<0.01

0.93
0.95
0.11
142
	136.41
50
<0.01

0.93
0.95
0.10
161


* p < 0.05   ** p < 0.01

Table 4 Results of the Sobel test

	Model
	Sobel Test

	
	Z-value
	P-value

	Overall model
	1.78
	0.07

	Sub-groups:
	
	

	   Environmental exposure – low

   Environmental exposure - high
	1.11

1.96
	0.27
0.05

	   Public visibility – low

   Public visibility – high
	-0.59

3.67
	0.55
0.00

	   Environmental concern – low

   Environmental concern – high
	0.13
2.36
	0.90
0.02

	   Stakeholder pressures – low

   Stakeholder pressures – high
	1.05
1.63
	0.30
0.10

	   Size – small

   Size - large
	0.17
2.47
	0.86
0.01


Note: A significant z-value indicates that the indirect effect of eco-controls on economic performance via environmental performance is significantly different from zero.
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� The purpose of environmental management is to develop, implement, manage, coordinate and monitor corporate activities to minimize the negative environmental impact of the firm’s products throughout their life cycle (Melnyk et al., 2003; Klassen & McLaughlin, 1996). Environmental management accounting (EMA) is one component of environmental management (� ADDIN EN.CITE <EndNote><Cite><Author>Eckel</Author><Year>1992</Year><RecNum>215</RecNum><record><rec-number>0</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Eckel, Len</author><author>Fisher, Kathryn</author><author>Russell, Grant</author></authors></contributors><titles><title>Environmental Performance Measurement</title><secondary-title>CMA Management</secondary-title></titles><pages>16</pages><volume>66</volume><number>2</number><dates><year>1992</year><pub-dates><date>Mar 1992</date></pub-dates></dates><isbn>08313881</isbn><urls><related-urls><url>http://proquest.umi.com/pqdweb?did=768331&amp;Fmt=7&amp;clientId=9268&amp;RQT=309&amp;VName=PQD</url></related-urls></urls></record></Cite></EndNote>�Eckel et al.,1992�; Figge et al., � ADDIN EN.CITE <EndNote><Cite><Author>Figge</Author><Year>2002</Year><RecNum>70</RecNum><record><rec-number>0</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Frank Figge</author><author>Tobias Hahn</author><author>Stefan Schaltegger</author><author>Marcus Wagner</author></authors></contributors><titles><title>The Sustainability Balanced Scorecard - linking sustainability management to business strategy</title><secondary-title>Business Strategy and the Environment</secondary-title></titles><pages>269</pages><volume>11</volume><number>5</number><dates><year>2002</year><pub-dates><date>Sep/Oct 2002</date></pub-dates></dates><isbn>09644733</isbn><urls></urls></record></Cite></EndNote>�2002; �� ADDIN EN.CITE <EndNote><Cite><Author>Epstein</Author><Year>1994</Year><RecNum>90</RecNum><record><rec-number>0</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Epstein, Marc</author></authors></contributors><titles><title>Environmentally responsible corporations</title><secondary-title>Management accounting</secondary-title></titles><pages>74</pages><volume>April 1994</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNote>�Epstein, 1994)�.


� The internal factors refer to (iii), and (v), while the external factors refer to (i), (ii), and (iv). The general organizational factors refer to (iv), and (v), while the specific environmental factors refer to (i), (ii), and (iii).


� The current literature suggests that a sample size varying between 100 and 200 cases is adequate for small-to-medium structural-equation models, or between 5 to 10 observations per estimated parameter � ADDIN EN.CITE <EndNote><Cite><Author>Bentler</Author><Year>1987</Year><RecNum>23</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><REFNUM>23</REFNUM><AUTHORS><AUTHOR>P.M. Bentler</AUTHOR><AUTHOR>Chih-Ping Chou</AUTHOR></AUTHORS><YEAR>1987</YEAR><TITLE>Practical issues in structural modeling</TITLE><SECONDARY_TITLE>Sociological Methods &amp; Research</SECONDARY_TITLE><VOLUME>16</VOLUME><NUMBER>1</NUMBER><PAGES>78-117</PAGES><CALL_NUMBER>SEM 1</CALL_NUMBER></MDL></Cite></EndNote>�(Bentler & Chou, 1987�; � ADDIN EN.CITE <EndNote><Cite><Author>Anderson</Author><Year>1988</Year><RecNum>3</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><REFNUM>3</REFNUM><AUTHORS><AUTHOR>James C. Anderson</AUTHOR><AUTHOR>David W. Gerbing</AUTHOR></AUTHORS><YEAR>1988</YEAR><TITLE>Structural equation modeling in practice: a review and recommended two-step approach</TITLE><SECONDARY_TITLE>Psychological Bulletin</SECONDARY_TITLE><VOLUME>103</VOLUME><NUMBER>3</NUMBER><PAGES>411-423</PAGES><CALL_NUMBER>SEM 1</CALL_NUMBER></MDL></Cite></EndNote>�Anderson & Gerbing, 1988)�. In the current study, the sample size is adequate to test the proposed model (n=303) as well as the ratio of observations per parameter 10.8). Furthermore, based on the guidelines of � ADDIN EN.CITE <EndNote><Cite><Author>MacCallum</Author><Year>1996</Year><RecNum>89</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><REFNUM>89</REFNUM><AUTHORS><AUTHOR>R.C. MacCallum</AUTHOR><AUTHOR>Michael W. Browne</AUTHOR><AUTHOR>Hazuki M. Sugawara</AUTHOR></AUTHORS><YEAR>1996</YEAR><TITLE>Power analysis and determination of sample size for covariance structure modeling</TITLE><SECONDARY_TITLE>Psychological Bulletin</SECONDARY_TITLE><VOLUME>1</VOLUME><NUMBER>2</NUMBER><PAGES>130-149</PAGES><CALL_NUMBER>SEM</CALL_NUMBER></MDL></Cite></EndNote>� MacCallum, Browne, and Sugawara (1996)�, this study has adequate statistical power (i.e. 0.93).


� Data were collected from the National Pollutant Release Inventory (NPRI) provided by the federal government of Canada. This database contains information on more than 300 pollutants released and transferred from individual facilities across Canada (air, water, land and injected underground and transferred off-site to disposal, treatment, sewage, energy recovery and recycling).  Of the 303 firms in our sample, we have been able to identify 134 of them in the database. Negative and significant correlations have been established between the mean score of environmental performance as provided by the respondents of the survey and (i) the natural log of total pollutants released from the firm (-0.20 p<0.05), (ii) the natural log of the firm’s total pollutants released minus the natural log of the average of its specific industry (-0.21 p<0.05), and (iii) the natural log of the firm’s total pollutants released divided by the natural log of the firm’s sales (-0.18 p<0.05). Hence, the self-rated environmental performance is negatively correlated with the level of pollutants released. In other words, the firms that reported having good environmental performance are those that have fewer pollutants released. 


� The threshold values recommended are (i) NNFI > 0.90 � ADDIN EN.CITE <EndNote><Cite><Author>Tabachnick</Author><Year>2001</Year><RecNum>16</RecNum><MDL><REFERENCE_TYPE>1</REFERENCE_TYPE><REFNUM>16</REFNUM><AUTHORS><AUTHOR>Barbara G. Tabachnick</AUTHOR><AUTHOR>Linda S. Fidell</AUTHOR></AUTHORS><YEAR>2001</YEAR><TITLE>Using multivariate statistics</TITLE><PLACE_PUBLISHED>Needham Heights, MA</PLACE_PUBLISHED><PUBLISHER>Allyn &amp; Bacon</PUBLISHER><EDITION>4th</EDITION></MDL></Cite></EndNote>�(Tabachnick & Fidell, 2001)�, (ii) CFI > 0.95 � ADDIN EN.CITE <EndNote><Cite><Author>Hu</Author><Year>1995</Year><RecNum>39</RecNum><MDL><REFERENCE_TYPE>7</REFERENCE_TYPE><REFNUM>39</REFNUM><AUTHORS><AUTHOR>L. Hu</AUTHOR><AUTHOR>P.M. Bentler</AUTHOR></AUTHORS><YEAR>1995</YEAR><TITLE>Evaluating model fit</TITLE><SECONDARY_AUTHORS><SECONDARY_AUTHOR>R.H. Doyle</SECONDARY_AUTHOR></SECONDARY_AUTHORS><SECONDARY_TITLE>Structural equation modeling</SECONDARY_TITLE><PLACE_PUBLISHED>Thousand Oaks, CA</PLACE_PUBLISHED><PUBLISHER>Sage</PUBLISHER><PAGES>76-99</PAGES><CALL_NUMBER>no</CALL_NUMBER></MDL></Cite></EndNote>�(Hu & Bentler, 1995)�, and (iii) RMSEA < 0.l0 � ADDIN EN.CITE <EndNote><Cite><Author>Browne</Author><Year>1993</Year><RecNum>40</RecNum><MDL><REFERENCE_TYPE>7</REFERENCE_TYPE><REFNUM>40</REFNUM><AUTHORS><AUTHOR>Michael W. Browne</AUTHOR><AUTHOR>Robert Cudeck</AUTHOR></AUTHORS><YEAR>1993</YEAR><TITLE>Alternative ways of assessing model fit</TITLE><SECONDARY_AUTHORS><SECONDARY_AUTHOR>Kenneth A. Bollen</SECONDARY_AUTHOR><SECONDARY_AUTHOR>J. Scott Long</SECONDARY_AUTHOR></SECONDARY_AUTHORS><SECONDARY_TITLE>Testing structural equation models</SECONDARY_TITLE><PLACE_PUBLISHED>Newburry Park, CA</PLACE_PUBLISHED><PUBLISHER>Sage Publications inc.</PUBLISHER><PAGES>136-162</PAGES><CALL_NUMBER>oui</CALL_NUMBER></MDL></Cite></EndNote>�(Browne & Cudeck, 1993)�.


� The input matrices are available from the author upon request.


� Composite indices represent aggregates of items which are used as manifest indicators of a latent construct. As suggested by � ADDIN EN.CITE <EndNote><Cite><Author>Hall</Author><Year>1999</Year><RecNum>28</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><REFNUM>28</REFNUM><AUTHORS><AUTHOR>Rosalie J. Hall</AUTHOR><AUTHOR>Andrea F. Snell</AUTHOR><AUTHOR>Michelle Singer Foust</AUTHOR></AUTHORS><YEAR>1999</YEAR><TITLE>Item parceling strategies in SEM: investigating the subtle effects of unmodeled secondary constructs</TITLE><SECONDARY_TITLE>Organizational Research Methods</SECONDARY_TITLE><VOLUME>2</VOLUME><NUMBER>3</NUMBER><PAGES>233-256</PAGES><CALL_NUMBER>SEM 1</CALL_NUMBER></MDL></Cite></EndNote>�Hall, Snell, and Foust (1999)�, items parcelling presents several advantages. First, it tends to provide results that are more reliable and normally distributed, and to have values that are more continuously distributed. Furthermore, by reducing sources of contamination, composite indices contribute to the overall fit of the model. Finally, these indices are useful to help reduce the number of parameters in the model and thus contribute to model identification. Using a partial disaggregation approach, each dimension is represented as a separate latent variable indicated by composites of subscales. Several composites are formed for each dimension in which each composite is a mean of items � ADDIN EN.CITE <EndNote><Cite><Author>Bagozzi</Author><Year>1994</Year><RecNum>21</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><REFNUM>21</REFNUM><AUTHORS><AUTHOR>Richard P. Bagozzi</AUTHOR><AUTHOR>Todd F. Heatherton</AUTHOR></AUTHORS><YEAR>1994</YEAR><TITLE>A general approach to representing multifaceted personality constructs: application to state self-esteem</TITLE><SECONDARY_TITLE>Structural Equation Modeling</SECONDARY_TITLE><VOLUME>1</VOLUME><NUMBER>1</NUMBER><PAGES>35-67</PAGES><CALL_NUMBER>SEM 1</CALL_NUMBER></MDL></Cite></EndNote>�(Bagozzi & Heatherton, 1994)�.


� In this method, all items are subjected to a factor analysis in which a single-factor solution is specified. The items are then paired based on their resulting factor loadings: the item having the highest factor loading is paired with the item having the lowest loading. This process is repeated until all items have been assigned to composites. There are three main reasons that have motivated this choice. First, while there is no consistent agreement on the best approach, the single-factor method belongs to a group of methods which clearly provides superior results � ADDIN EN.CITE <EndNote><Cite><Author>Landis</Author><Year>2000</Year><RecNum>27</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><AUTHORS><AUTHOR>Ronald S. Landis</AUTHOR><AUTHOR>Daniel J. Beal</AUTHOR><AUTHOR>Paul E. Tesluk</AUTHOR></AUTHORS><YEAR>2000</YEAR><TITLE>A comparison of approaches to forming composite measures in structural equation models</TITLE><SECONDARY_TITLE>Organizational Research Methods</SECONDARY_TITLE><VOLUME>3</VOLUME><NUMBER>2</NUMBER><PAGES>186-207</PAGES><CALL_NUMBER>SEM</CALL_NUMBER></MDL></Cite></EndNote>�(Landis et al., 2000)�. Moreover, the single-factor method is one of the most frequently reported methods. Finally, this method reduces an original scale to a reduced number of indicators that are empirically balanced measures of the construct � ADDIN EN.CITE <EndNote><Cite><Author>Mathieu</Author><Year>1991</Year><RecNum>35</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><AUTHORS><AUTHOR>J.E. Mathieu</AUTHOR><AUTHOR>J.L. Farr</AUTHOR></AUTHORS><YEAR>1991</YEAR><TITLE>Further evidence for the discriminant validity of measures of organizational commitment, job involvement, and job satisfaction</TITLE><SECONDARY_TITLE>Journal of Applied Psychology</SECONDARY_TITLE><VOLUME>76</VOLUME><PAGES>127-133</PAGES><CALL_NUMBER>non</CALL_NUMBER></MDL></Cite></EndNote>�(Mathieu & Farr, 1991)�.
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