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 Abstract

 We identify top management leadership, a sophis-
 ticated management infrastructure, process
 management efficacy, and stakeholder participa-
 tion as important elements of a quality-oriented
 organizational system for software development.
 A model interrelating these constructs and quality
 performance is proposed. Data collected through
 a national survey of IS executives in Fortune 1000
 companies and government agencies was used to

 1Robert Zmud was the accepting senior editor for this
 paper.

 test the model using a Partial Least Squares
 analysis methodology. Our results suggest that
 software quality goals are best attained when top
 management creates a management infra-
 structure that promotes improvements in process
 design and encourages stakeholders to evolve the
 design of the development processes. Our results
 also suggest that all elements of the organiza-
 tional system need to be developed in Qrder to
 attain quality goals and that piecemeal adoption of
 select quality management practices are unlikely
 to be effective. Implications of this research for IS
 theory and practice are discussed.

 Keywords: Systems development, information
 systems management, software quality, TQM
 theory, software process improvement

 ISRL Categories: AF0101, AH05, DD04, E10206,
 E10218, E10220, FA10

 Introduction

 Quality improvement in systems development
 ranks high among the priorities of Information
 Systems (IS) managers today. On the one hand,
 IS units are under pressure to develop application
 systems that enable organizations to effectively
 use information technology. On the other hand,
 these IS units are facing difficulties in delivering
 systems that meet user needs in a timely and cost
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 effective manner. In most organizations, systems
 development is characterized by recurrent
 problems, such as poor system quality, long
 development lead time, user dissatisfaction, and
 high costs. These problems are compounded by
 escalating demands for new systems (Cusumano
 1991). Further, the need to improve systems
 development is accentuated because "systems
 development is not only on the critical path to
 getting new products or services to market, it is
 the stumbling block on that path" (Rockart and
 Hofman 1992, p 21).

 Researchers and practitioners have suggested
 that Total Quality Management (TQM) offers an
 effective approach to manage quality in the
 context of systems development (Fox and Flakes
 1997; Saracelli and Bandat, 1993; Walrad and

 Moss 1993; Zultner 1993). Recent surveys
 indicate that TQM practices are slowly taking root
 within IS organizations, especially in the context of
 systems development (Anthes 1997; Fox and
 Flakes 1997; Williamson 1997). Experiences of
 organizations such as Corning Inc. (Shrednick et
 al. 1992) and Dun & Bradstreet (Kane 1992)
 indicate that TQM practices lead to improved
 systems delivery performance. However, the
 overall impact of TQM initiatives in IS have been
 mixed; the results range from modest improve-
 ments in systems delivery performance to com-
 plete abandonment of quality programs. Some
 scholars attribute these partial or complete
 failures to unfocused or piecemeal adoption of
 select practices without understanding the sys-
 temic drivers of quality (Zultner 1993), while
 others claim that TQM in systems development is
 a paradigm without a solid foundation (Rowe and
 Neal 1993).

 Notwithstanding these opinions, lack of theories in
 systems development quality limits our under-
 standing of how IS units can develop capabilities
 to consistently deliver quality systems in a timely
 and cost effective manner. Our purpose is to
 make progress toward a theory of quality manage-
 ment in systems development. We take the
 position that improvements in quality performance
 occur when an organizational system for quality is
 put in place and not through piecemeal adoption
 of TQM practices. The theoretical starting point for
 this research is Deming's (1986) assertion that

 quality performance is largely determined by
 system factors. He argued that a vast majority of
 variation in work performance is due to common
 causes, which are system based. At its core, this
 systems view of quality improvement suggests
 that quality problems cannot be addressed by
 patchwork solutions. Instead, management should
 focus attention on creation and perpetuation of an
 organizational system geared to achieve superior
 quality performance.

 We draw from the quality management literature
 to identify and define the key constructs of an
 organizational system for quality improvement.
 These constructs are efficacious process manage-
 ment, stakeholder participation, management
 infrastructure sophistication, and top management
 leadership for quality. We develop a model that
 interrelates these constructs and quality perfor-
 mance. The model is based on the view that

 quality management requires an organizational
 system perspective. The model is tested using
 data collected from 123 IS units in Fortune 1000

 firms and large government agencies.

 The remainder of the paper is organized as
 follows. The next section provides a critical review
 of the literature that has examined the information

 systems quality phenomenon. The subsequent
 section presents our rationale of conceptualizing
 software quality management as an organizational
 system design endeavor. We follow this by
 defining the major constructs that constitute a
 quality-oriented organizational system. The fol-
 lowing section proposes a model that establishes
 theoretical relationships between these con-
 structs. Details of the empirical study and the
 statistical analyses are then presented. The final
 section interprets the results and discusses the
 implications of our findings for future research and
 practice.

 Information Systems Quality
 Management: A Review of
 the Literature

 Selected quality management concepts have
 been applied to investigate the information sys-
 tems quality phenomenon, sometimes without
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 explicit reference to and linkage with the total
 quality management literature. Past research on
 the IS quality phenomenon has focused on four
 main areas: (1) software quality measurement
 and control, (2) the role of development infra-
 structure, including design methodologies and
 tools in quality improvement, (3) software process
 management, and (4) participative design. We
 summarize significant research in each of these
 areas and examine the linkages with relevant
 quality management concepts. We use our criti-
 que of the literature to identify shortcomings and
 gaps in the management of software quality,
 thereby setting the stage for our own theory
 development.

 Software quality assurance research has empha-
 sized software quality characteristics, software
 metrics, and quality control techniques and tools
 (Rai et al. 1998). Key software quality dimensions,
 including portability, reliability, efficiency, human
 engineering, and maintainability, have been iden-
 tified and defined. A variety of metrics for specific
 software quality characteristics have also been
 developed and validated. Furthermore, quality
 control tools and techniques have been developed
 and their effectiveness in controlling software
 errors has been examined. While this stream of

 research continues to evolve, its emphasis has
 been on the engineering characteristics of the
 software and limited attention has been paid to
 assessing and enhancing users' subjective
 evaluations of the software.

 In contrast to the technical focus of software

 quality assurance research, customer satisfaction
 is an important objective of TQM initiatives. Custo-
 mers have specific requirements and products/
 services that effectively meet these needs are
 perceived to be of higher quality (Deming 1986;
 Juran 1986). Interestingly, a similar perspective is
 evident in the IS management literature as
 significant attention has been paid to under-
 standing user requirements and satisfying them.
 Significant research attention has been directed at
 identifying the dimensions of user satisfaction and
 developing reliable and valid instruments for the
 measurement of this construct (Bailey and
 Pearson 1983; Galletta and Lederer 1989; Ives et

 al. 1983). However, the software quality assur-
 ance research remains largely uninformed by this

 stream of IS research. While some studies have

 used perceived usefulness of the system as a
 surrogate for systems quality (Franz and Robey
 1986) and others have distinguished between
 technical product quality, product capability, and
 cost (Hamilton and Chervany 1981), system
 quality is largely conceptualized as an intrinsic
 attribute of the software.

 Some TQM concepts have been adapted and
 applied to the software quality assurance domain.
 Specifically, the application of TQM techniques,
 such as statistical quality control and quality func-
 tion deployment, has been explored in the soft-
 ware development context (Stylianou et al. 1997;
 Zultner 199). Some studies have empirically
 investigated the impact of these techniques on
 software quality outcomes (Ahituv and Zelek
 1987; Camuoff et al. 1990; Munson and Khosh-

 goftaar 1992; Okumoto 1985). While these
 measurement and analytical techniques have
 been found to be useful in tracking and controlling
 specific quality problems, their impact on system
 quality depends on effectively linking individual
 product and process metrics to broader system
 quality objectives (Walrad and Moss 1993).
 Limited research has been undertaken to develop
 measurement frameworks that link quality objec-
 tives to process and product metrics. Furthermore,

 quality control techniques are unlikely to be effec-
 tive unless they are an integral part of an organi-
 zational system for quality improvement.

 A large body of software quality research has
 conceptualized development as a technical pro-
 cess emphasizing precision and technical accu-
 racy in design and construction. Formal techni-
 ques have been proposed to handle the inherent
 complexity of systems design and facilitate
 development of technically valid systems. CASE
 tools that support these techniques are in use
 today in some IS organizations. Research on the
 impacts of software process automation suggests
 that software development tools have a positive
 effect on code quality, documentation quality, and
 programmer productivity (Bendure 1991; Rum-
 mens and Sucher 1989; Williamson 1990).
 However, their effect on overall software quality
 has been marginal because a large proportion of
 software quality problems originates during
 requirement definition and system design (Yates
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 and Shaller 1990), which involve unstructured
 tasks that are difficult to automate. Other software

 process innovations such as reusability are
 expected to reduce software errors, increase
 programmer productivity, and reduce development
 costs (Apte et al. 1990; Banker and Kauffman
 1991; Karimi 1990). However, the promise of
 software reuse has largely been unfulfilled
 because of the organizational and socio-
 behavioral hurdles associated with software

 reuse.

 Process improvement is an important TQM con-
 cept. Significant research has focused on the
 design and evolution of software development
 processes with the intent to enhance their
 capability and maturity. The Software Engineering
 Institute (SEI) has developed specific models to
 evaluate, diagnose, and evolve the capabilities of
 the development process. SEI's Capability
 Maturity Model (CMM) defines an evolutionary
 path from ad hoc, chaotic processes to mature,
 disciplined processes. Process maturation, as
 assessed by the predictability of development
 outcomes in terms of budget, schedules, and
 quality, is enhanced when feedback is
 meaningfully generated and utilized to recalibrate
 and fine tune process design.

 The CMM is now popular and has been effective
 in emphasizing the importance of process
 improvement. Anecdotal evidence suggests that
 organizations implementing CMM-based software
 process improvement have realized gains in
 development cycle time and programmer produc-
 tivity (Diaz and Sligo 1997; Haley 1996,
 Hollenbach et al. 1997). Reports also suggest
 that organizations face difficulties in adhering to
 the sequence, as recommended by CMM, in
 which changes to the development process needs
 to be implemented (Card 1991; Pfleeger 1996;
 Saiedian and Kuzara 1995)

 The lack of theory informing the conceptualization
 of the CMM stages raises questions about the
 rationale for the suggested sequencing to develop
 process capabilities. Limited attention has been
 devoted to define process management, identify
 and define its constitutive dimensions, and
 develop reliable and valid measurement instru-
 ments for each of these dimensions. Furthermore,

 process improvement is one aspect of TQM that
 needs to be integrated with other core TQM
 principles, such as customer focus and viewing
 the organization with an integrated systems
 perspective. These essential aspects of TQM are
 currently missing in the CMM (Paulk et al. 1995).
 Integrative theory development is required to
 understand the relationships between process
 management practices and other elements of the
 development organization, which enable or
 constrain effective process management.

 Previous IS studies note the importance of
 managing the psychological and behavioral state
 of users in the systems development process
 (Ives et al. 1983). An important finding emerging
 from this stream of research is that user

 involvement and user participation should be
 promoted as they positively impact user
 satisfaction with IS products and services. Barki
 and Hartwick (1989) distinguished user involve-
 ment from user participation and argued that while

 the former refers to the subjective psychological
 state of users, the later refers to users' behaviors

 and activities during systems development. They
 went on to suggest that participation is. an
 antecedent to involvement and examined how the

 two constructs interrelate to impact systems
 development outcomes (Hartwick and Barki
 1994).

 Other researchers have adopted a socio-technical
 systems perspective of information systems
 design conceptualizing it as an organizational
 change strategy (Bostrom and Heinen 1977a,
 1977b; Mumford 1983; Mumford and Henshall

 1979; Mumford and Weir 1979). The system
 designer is viewed as playing an important role in
 (re)designing work systems, suggesting that
 technical system design needs be framed as part
 of a larger undertaking to (re)design the applicable
 social system (Bostrom and Heinen 1977a). This
 stream of research stresses that development
 processes should incorporate methods to ensure
 both the technical validity and the organizational
 validity of developed systems. Toward this end,
 approaches such as behavior modeling (Mantei
 and Teorey 1989) and methods to understand
 deep structures in user's task domain (Leifer et al.
 1994), have been suggested. In addition, method-
 ologies such as ETHICS (Mumford 1983) have
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 been developed to systematically integrate quality
 of work life objectives with technical objectives,
 such as efficiency and control.

 Another stream of research has stressed stake-

 holder participation for realizing emancipatory
 ideals in systems development. This research
 stream, largely emanating from Europe, considers
 participation as important for "social sense-making
 to create shared understandings and to meet the
 ethical imperatives of work arrangements in a
 democratic society" (Hirschheim and Klein 1994;
 p 84). Projects such as the NJMF, DEMOS
 (Carlson et al. 1978; Ehn and Sandberg 1983),
 DUE (DUE 1979; Kyng and Mathiassen 1982),
 and UTOPIA (Bodker et al. 1987; Ehn and
 Sandberg 1993) have focused on the institutional
 aspects of emancipation in systems develop-
 ment.2 These projects subscribed to the notion
 that computer technology contributes to
 rationalizing work and deskilling workers, and
 proposed models of negotiation between
 management and workers and mechanisms to
 build resources within trade unions so as to

 increase worker's influence on the design and use
 of computer systems. The lessons from these
 projects are referred to as the collective resource
 approach (Ehn and Kyng 1984; Hirschheim and
 Klein 1994), which provide a broad set of
 principles for stakeholder participation in systems
 development. The socio-technical systems ap-
 proach emphasizes dependencies and common
 interests between management and workers and
 seeks to reconcile conflicts between these groups.
 In contrast, the collective resource approach
 embraces the goal of keeping the control of
 systems development in the hands of workers and
 trade unions (Bjerknes and Bratteteig 1995;
 Hirschheim and Klein 1994).

 Other methodologies and approaches have
 emphasized participation as a means to reduce
 the communication barriers between users and

 systems analysts, enhance social learning, and
 emphasize the development of a valid and rich
 picture of the work setting for which computer
 systems are being designed. The soft systems
 methodology adopts an interpretivist approach to

 2A more extensive treatment of these projects can be
 found in Bjerknes and Bratteteig (1995).

 systems development and stresses systems
 thinking to understand the purpose of an
 information system and the context in which it will
 be used (Checkland and Scholes 1990; Winter et
 al. 1995). The PIOCO model (Ivari and Koskela
 1987) attempts to reconceptualize the systems
 development life cycle as a learning process and
 incorporates methods to create awareness of the
 social situation in which systems development
 takes place. The MARS project (Lanzara and
 Mathiassen 1985; Mathiassen and B0gh-

 Andersen 1987) also takes a learning perspective,
 but it focuses directly on work practices and the
 tools and techniques to record these practices,
 reflect upon them, and improve their deficiencies
 (Klein and Hirshheim 1993).

 Similar to the participative design literature, TQM
 proponents have emphasized participation as a
 means to overcome resistance to change,
 enhance learning, and improve job satisfaction of
 workers (Dean and Bowan 1994; Spencer 1994).
 However, the TQM and participative design
 literatures depart on how behavioral processes,
 such as participation, impact performance
 outcomes. The participative design literature
 stresses that behavioral processes, such as user
 participation, directly impact the outcome of sys-
 tems development. On the other hand, the TQM
 literature stresses that the design of the organi-
 zational system, including the work processes and
 associated behavioral process, has a far greater
 influence on task performance than either the
 work processes or the behavioral processes by
 themselves (Deming 1986). Thus, stakeholder
 participation in TQM is accomplished within a
 carefully defined organizational system and may
 not necessarily reflect the emancipatory ideals
 espoused in the participative design literature.

 Summary

 While previous research on IS development has
 examined some important TQM concepts, key
 gaps in the systems development literature
 emerge from our literature review. First, a synthe-
 sis and integrated analysis of the application of
 TQM concepts to information systems develop-
 ment has not been undertaken. Consequently, no
 coherent theory of software quality management
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 has emerged. This fails to serve the needs of IS
 practice, where the consequences of poor quality
 continue to grow with the increasing importance of
 and organizational dependence on information
 systems.

 Second, software quality research has focused on
 the technical and engineering aspects of quality
 control, while paying limited attention to the
 organizational dimension of quality management.
 However, current challenges facing IS develop-
 ment performance improvement are largely
 organizational and not technical in nature. Paucity
 of integrative theory-building research within and

 across important organizational themes, such as
 leadership, structural arrangements, management

 processes, and quality outcomes, makes it difficult
 to envision, design, and implement an organiza-
 tional system for the management of systems
 development.

 Third, a systemic perspective of quality manage-
 ment is lacking in current IS research. Efforts such

 as those undertaken by the SEI recognize process

 improvement as a strategy for the development of

 capable development processes. Similarly, parti-
 cipative design is recognized as important to
 formulate the purpose of an information system
 and develop effective system design for given
 work settings. However, the linkages between
 participative approaches and process improve-
 ment have not been explored. Furthermore,
 process management and participative design
 occur within defined management and organi-
 zational contexts. The enabling or constraining
 roles of contextual factors on these practices have

 not been systematically examined.

 Our objective is to fill the identified gaps in the

 systems development literature by developing a
 theory of software quality management that
 integrates socio-behavioral, organizational, and
 performance issues from an organizational system

 perspective. In the next section, we synthesize the

 TQM and organization design literatures to
 develop an organizational systems perspective of
 quality management. We then move on to define
 the key constructs of a quality-oriented organi-
 zational system for IS development.

 An Organizational System
 Perspective of Quality
 Management

 Total quality management has evolved as an
 approach to quality that is now characterized as
 an integrated, systematic organization-wide
 strategy for improving product and service quality
 (Dean and Bowen 1994). A fundamental percept
 of TQM is that organizations should be viewed as
 systems of interlinked processes. Deming (1986)
 built a case for treating the organization as a total
 system and attributed the variations in observed
 quality performance to the capability of the
 organizational system. He argued that factors
 unique to individual workers or specific technology
 account for a minimal proportion of the variation in

 quality performance and that most performance
 variations are due to system factors. Underlying
 the systems view of quality improvement is the
 notion that employees work in an organizational
 system and that the individual and collective
 behavior of employees can be manipulated
 through changes to the elements of the organi-
 zational system. Furthermore, patchwork solutions
 targeted on an ad-hoc basis at work processes
 may not be effective. Instead, managerial
 attention should be focused on designing a total
 system capable of achieving the desired level of
 quality performance. Such a system is much
 broader than work processes; it includes manage-
 ment processes and structural arrangements
 created to steer the organization toward its quality
 goals. Deming (1986, p.366) noted

 few people in industry know what
 constitutes a system. Many people think
 machinery and data processing when I
 mention systems. Few of them know that
 recruitment, training, supervision and
 aids to production workers are part of the

 system.

 Deming's conceptualization of an organization as
 a behavioral system is consistent with the macro-
 perspective of organization design founded on
 Barnard's (1938) notion of organizations as
 purposeful systems of coordinated action. This
 perspective takes the organization or its major
 sub-units as the primary unit of analysis. Leader-
 ship, structural arrangements, and organizational
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 processes are considered the major building
 blocks of an organization that could be mani-
 pulated to achieve desired behavior and outcomes
 (Melcher 1976; Robey 1986). A generally ac-
 cepted relationship between these elements is
 that leadership drives the creation of structure and

 processes necessary to achieve organizational
 goals (Melcher 1976). Moreover, processes are
 controlled partly through the design of structure
 (Melcher 1976; Robey 1986). Traditionally, struc-
 ture has been defined in terms of organizational
 hierarchies, job descriptions, and control and
 coordination mechanisms. Robey cautions
 researchers against being overly mechanical in
 defining structure and argues that structure should
 be viewed more broadly as actions taken to
 perpetuate patterns of behavior among people.
 This broad definition of structure includes organi-

 zational policies, procedures, and reward
 schemes that influence the behavior of organi-
 zational members.

 From this theoretical perspective, TQM in systems
 development can be viewed as an organizational
 design endeavor involving changes to leadership,
 structural arrangements, and core design and
 production processes. Senior IS management
 provides the leadership for quality improvement
 and drives the creation of structural arrangements
 that shape the IS quality environment and
 perpetuate quality-oriented behavior among IS
 personnel. In addition, core design and production
 processes and associated work practices have to
 be designed to channel the forces created by the
 quality environment toward learning and ongoing
 process improvement. Systematic process level
 changes are expected to result in mature organi-
 zational processes and continuous improvement
 of product quality and process efficiency.

 Key Constructs of a Quality
 Oriented Organizational
 System

 Table 1 presents the key constructs of an
 organizational system for quality improvement
 identified based on an extensive review of the

 quality management literature. The constructs
 include top management leadership for quality,
 management infrastructure sophistication, pro-

 cess management efficacy, stakeholder partici-
 pation, and quality performance. Top manage-
 ment leadership for quality pertains to the extent
 to which senior IS management is committed to
 quality improvement and envisions quality
 initiatives for their systems development organi-
 zation. Management infrastructure represents a
 structural property of the IS organization that
 creates a quality-oriented organizational environ-
 ment for core processes and work practices. The
 quality management literature emphasizes that
 management of the core operational processes
 and associated behavioral processes are
 essential elements of a quality-oriented organi-
 zational system (Dean and Bowen 1994; Garvin
 1998). Process management efficacy is defined
 here as the degree to which core design and
 development processes are defined, controlled,
 and improved in a systematic manner. A key
 behavioral process that has been emphasized in
 both the quality management and systems
 development literature is the participation of stake-
 holders. Stakeholder participation represents the
 degree to which work practices are established so
 that a constituent group contributes its knowledge
 base and complements the knowledge resources
 of other constituent groups involved in systems
 development. Quality performance is defined as
 the degree to which objectives of product quality
 and process efficiency are met by the systems
 development organization.

 Recent studies have synthesized existing TQM
 frameworks and identified important properties of
 quality management in organizations (Ahire et al.
 1996; Flynn et al. 1994; Saraph et al. 1989).
 Collectively, the factors identified in these three
 studies represent a comprehensive set of quality
 management practices that have been empha-
 sized by researchers, practitioners, and quality
 consultants. As part of our theory-building pro-
 cess, we ascertained the applicability of these
 properties to the domain of systems development.
 Furthermore, we examined how these properties
 relate to the higher level constructs that we have
 identified as defining a quality-oriented organi-
 zational system. We logically examined how the
 identified properties map into the constructs of top
 management leadership, management infra-
 structure sophistication, process management
 efficacy, stakeholder participation, and quality
 performance.
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 Macro Organization Design
 Variables

 Elements of a Quality Oriented
 Organizational System

 Leadership * Top Management Leadership for Quality

 Structure * Management Infrastructure

 Process * Process Management
 Stakeholder Participation

 Outcome * Quality Performance

 Table 2 presents a summary of the constructs and
 their underlying constitutive properties. A total of
 13 properties were identified which mapped into
 the five higher level constructs. The table also
 compares the quality management properties
 defined by Saraph et al. (1989), Flynn et al. (1994)
 and Ahire et al. (1996). We note a strong degree
 of consensus among these researchers on the
 important properties associated with a quality-
 oriented organizational system. We now proceed
 to define and discuss each of our constructs and

 their constitutive properties and then proceed to
 develop the interrelationships among these
 constructs.

 Top Management Leadership
 for Quality

 Deming (1986) asserts that without senior
 management's leadership and visible signaling of
 their commitment to quality improvement, an
 organization will not be able to change its
 practices that lead to poor quality. In fact, top
 management leadership is one factor that has
 been consistently emphasized by all quality
 management frameworks (Crosby 1979; Deming
 1986; Juran 1986; Schoenberger 1984; Shingo
 1986). Empirical studies also indicate that top
 management leadership can encourage practices
 and behaviors that lead to superior quality per-
 formance (Anderson et al. 1995; Flynn et al. 1995;
 Saraph et al. 1989). Theoretical support for this
 finding can be found in transformational leader-
 ship theories (Bass 1985; Tichy and Devanna
 1986), which suggests that senior management

 can encourage the pursuit of change by for-
 mulating and communicating a vision forthe future
 and reinforcing values that support the vision.
 Several processes are likely to be operating when
 top management stimulates the transformation of
 values (Waldman 1994). Senior management may
 demonstrate confidence and moral conviction in

 their values (House 1977), espouse an appealing
 vision that generates enthusiasm for certain value-

 laden ideological goals (Conger and 'Kanungo
 1987; Tichy and Devanna 1986), and serve as
 role models for the value system (Waldman
 1994). This requires their personal involvement in
 activities such as quality planning and perfor-
 mance review, ownership of responsibility for
 quality performance, and providing support to
 quality initiatives (Baldrige Award 1992; Deming
 1986). Thus, top management leadership is the
 first antecedent of quality performance.

 Management Infrastructure
 Sophistication

 Management's quality vision has to be translated
 into actions if it is to result in quality improve-
 ments. To be effective, the vision must be
 embodied in the policies and structures of the
 organization (Fenwick 1991; Scholtes and
 Hacquebord 1988; Selznick 1957; Shores 1992).
 These policies and structures are required to
 create the forces that steer the organization
 toward desired goals (Adler 1989).

 The skill base of an organization is an important
 determinant of benefits realized from change
 initiatives, such as quality management. Training
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 Top manage-
 ment leadership
 and quality policy

 Flynn et al.
 (1994)  Ahire et al. (1996)  Our Study

 Top manage- Top management IS management
 ment support commitment support for quality

 Quality policy not
 explicitly
 considered

 Not considered  Quality policy and
 goals

 Included under
 Commitment to

 Training work force Employee training skill development
 management

 Nature of reward

 schemes

 included under

 employee
 relations

 Considered

 under top
 management
 support

 Considered under

 employee involve-
 ment but dropped
 from the validated

 scale

 Quality orientation
 of reward schemes

 Formalization of

 analysis and
 design

 Product/service Design quality
 design Product design agement ormalization of design management

 reusability in
 Process systems
 Management development
 Efficacy

 Process Process
 magement m gement SPC usage Process control management management

 Internal quality
 Quality data and Quality information usage Fact based
 reporting information management

 Benchmarking

 Employee Employee Empowerment of
 Employee Work force empowerment poer

 programmer/
 relations management Employee

 involvement

 Stakeholder Supplier quality Supplier Supplier Vendor/consultant
 Participation management involvement performance participation

 Customer

 involvement not Customer
 explcietl. .in v .C u men Customer focus User participation explicitly involvement

 considered

 .Not explictly Product quality in Not explicitly
 consideterms of scrap Product quality Product quality considered

 rate

 Quality Process quality Process quality P
 PQrfnrm anro x r **i ^ .* *. Process quality not Performance not explicitly not explicitly P l explicitly considered

 onsidered as a considered as a eper Process efficiency
 as a performance

 performance performance
 measure measure measure
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 Constructsa (1989)

 Top
 Management
 Leadership

 Management
 Infrastructure

 Sophistication

 aThe conceptualization of the higher level constructs identified here is part of the theory building effort of this project.
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 is commonly used in organizations to facilitate
 members' understanding of change initiatives and
 influence their attitudes toward change. Further-
 more, skill and knowledge of employees have to
 be constantly upgraded in order to sustain con-
 tinuous process improvement (Deming 1986).
 Hence, organizational commitment to skill
 enhancement and the processes used to achieve
 this are important aspects of the management
 infrastructure.

 Whether the skills are effectively utilized depends

 on organizational policies that determine the role
 people are called upon to play. Explicit policies
 are required to stress the importance of quality
 over other objectives and focus the attention of all

 organizational members on attainment of quality
 goals (Baldrige Award 1992; Juran 1986).
 Organizations with successful quality programs
 use techniques such as policy deployment to
 define employee roles.

 Organizations are realizing the need to refocus
 reward schemes to emphasize quality objectives.
 According to a 1991 Conference Board survey,
 85% of organizations implementing TQM have
 developed programs to reward individuals and
 teams for quality achievements. In addition, many

 of these organizations integrate employee perfor-
 mance appraisals with quality performance. A
 1991 KPMG Peat Marwick survey found that 60%
 of organizations that have five or more years of
 TQM experience explicitly rewarded the achieve-
 ment of quality goals. Blackburn and Rosen
 (1993) point out that Baldrige award winners
 reoriented their reward schemes to emphasize
 continuous improvement and teamwork. Within
 the IS context, changes to reward structures have

 been found necessary to promote quality oriented

 behavior among systems development teams. For

 example, Shrednick et al. (1992) found that
 incentives provided for spending within budget,
 customer satisfaction, process improvement, and
 cost reduction resulted in significant improve-
 ments in the service quality of IS teams at Corning

 Inc. Kane (1992) found that Dun & Bradstreet
 Software incorporated performance contingent
 rewards to drive improvements of their software

 development process.

 Organizational commitment to skill development,
 quality policy and goals, and quality-oriented
 reward schemes are critical aspects of an
 organizational system for quality. Together these
 factors represent what we call the management
 infrastructure for quality. IS units that have
 adopted these practices have a sophisticated
 management infrastructure and hence are better
 prepared to redesign, formalize, manage, and
 continuously improve core design and develop-
 ment processes. Conversely, IS units that have
 not adopted these practices have a less sophis-
 ticated management infrastructure and hence may
 lack the capability to effectively implement pro-
 cess level improvements that lead to quality
 outcomes. Thus, management infrastructure
 sophistication is the second antecedent of quality
 performance.

 Process Management Efficacy

 Quality processes are a necessary prerequisite for
 delivering quality products/services and satisfying
 customer needs (Deming 1986). Organizations
 are systems of interlinked processes and the
 effectiveness of organizational processes essen-
 tially determines the quality of products and
 services. Efforts should be targeted at putting in
 place well-defined, state-of-the-art processes and
 then continuously improving them by eliminating
 waste and sources of customer dissatisfaction.

 This involves extensive data collection, analysis,
 and feedback systems that help isolate problems
 and direct employee attention at resolving
 identified problems (Sitkin et al. 1994). Process
 improvements eventually result in mature organi-
 zational processes that are optimized and in
 control.

 Process improvement originated in statistical pro-
 cess control theories and has evolved to include

 practices aimed at total waste elimination through
 continuous improvement. These practices are
 oriented toward extraction, synthesis, and codifi-
 cation of information presented by process varia-
 tions and systematically embedding the resultant
 knowledge through changes in process para-
 meters. Accordingly, fact-based management and
 process control are important properties of a
 systems development process focused on
 learning and improvement. Fact-based manage-
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 ment pertains to the extent to which quality data is
 systematically collected and used in formulating
 quality improvement actions. Process control
 pertains to the extent to which explicit perfor-
 mance standards have been established and are

 used to control systems development outcomes.

 In addition to techniques directed at improving and
 controlling processes, approaches aimed at im-
 proving product and service designs are an integ-
 ral part of process management. Poor quality is
 largely attributed to design problems (Cole 1981),
 which can be avoided if (1) explicit attention is
 paid to potential quality problems during design
 (Garvin 1987; Taguchi and Clausing 1990),
 (2) customer requirements are understood better
 (Shingo 1986), and (3) design is modularized to
 facilitate reuse of proven design primitives (Shingo
 1986). Hence, practices that reduce or eliminate
 quality problems due to design weaknesses are
 critical aspects of a systems development pro-
 cess. Formalization of analysis and design
 methods to focus attention on customer needs

 and develop complete and accurate requirements
 is an important property of a quality-oriented
 systems development process. Formalization of
 analysis and design methods pertains to the
 extent to which adherence to standard systems
 design techniques and methods is integral to the
 systems development process.

 An important theme underlying the design of TQM
 processes is waste elimination and error preven-
 tion, as opposed to error detection. Design and
 code modules that have been effectively devel-
 oped and tested for other application systems can
 often be deployed elsewhere in similar application
 development contexts. Such a strategy is oriented
 to reduce duplication, waste, and introduction of
 unnecessary errors in the development process.
 Thus, formalization of reusability in systems devel-
 opment is recognized as an important property of
 an efficacious systems development process.
 Formalization of reusability pertains to the extent
 to which reuse is encouraged and enforced as
 part of ongoing systems development tasks.

 Stakeholder Participation

 A central theme of quality management is that
 technical and human aspects of a process must

 be managed in concert. Complementing the
 design of efficacious development processes,
 work design practices that foster participation of
 key stakeholders and empowerment of employees
 need to be established. In fact, efficaciously
 managed processes bring together the principles
 of scientific management (Taylor 1911) and the
 human relations approach to work design
 (Drucker 1990; Grant et al. 1994). The continuous
 process improvement cycle of plan-do-check-act
 is oriented to remove variations caused by
 unscientific task/process design. However, unlike
 Taylor's scientific management, TQM principles do
 not encourage separation of task/process design
 and execution (Anderson et al. 1994). Em-
 powering workers to design tasks, modify
 processes, and participate in decisions related to
 their tasks makes work meaningful to them and
 creates conditions where employees will be
 intrinsically motivated to engage in goal oriented
 behavior (Conger and Kanungo 1987).

 Participation of users, vendors, and developers in
 the core design and development processes
 promotes mutual understanding of issues and
 constraints to be addressed to improve quality.
 User participation promotes rich information
 exchange between users and the IS organization
 and increases the chances that aspects valued by
 the users are factored into systems design. Often,
 the knowledge resources needed to effectively
 meet stringent user demands are dispersed within
 and outside the organization. Vendors possess
 deep knowledge about emergent technologies
 and their deployment in different organizations
 and industries. Vendor participation allows the IS
 unit to tap into knowledge resources dispersed
 outside the organization and utilize these
 resources to improve quality. Participation bypro-
 grammers/analysts in the determination of sche-
 dules, resource allocation, and project plans is
 likely to result in a deeper understanding of the
 specifics of a project, and its implications for the
 development process, that may otherwise be
 absent in development process conceptuali-
 zations.

 In summary, process management efficacy and
 stakeholder participation are important antece-
 dents of quality performance. Formalization of
 design methods, formalization of reusability, fact-
 based management, and process control are
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 integral to efficacious management of the devel-
 opment process. Participation of key stakeholders,
 such as customers, vendors, and programmers/
 analysts, is essential for these practices to evolve
 on an ongoing basis.

 Quality Performance

 Product Quality
 Product quality pertains to the value of the product
 in terms of its attributes. The most pervasive
 definition of quality currently used is the extent to
 which a product or service meets or exceeds a
 customer's expectations. This definition of quality
 is implicit in the TQM principles and has come to
 be recognized as a valid, externally focused
 measure of quality. It captures what is important to
 the customers and includes subjective factors that
 are critical to customers but difficult to quantify
 into assessments of quality.

 Process Efficiency
 Process measures of quality are equally important
 from a customer's perspective, as they bear
 relation to the cost of goods and services and their
 efficient delivery. Product quality cannot be
 thought of apart from product cost (Feigenbaum
 1991). From a customer's perspective, avail-
 ability, price, and convenience are other factors
 that complement product quality in the sense that
 they focus on the process of product/service
 delivery and reflect the efficiencies of these
 processes. Thus, process efficiency is an impor-
 tant dimension of quality performance.

 An Organizational System
 Model for Software

 Quality Management

 We now present our conceptualization of how key
 organizational design constructs interrelate to
 form a quality-oriented organizational system for
 software development. The model is rooted in the
 macro organizational design perspective in that it
 includes top management leadership, manage-
 ment infrastructure sophistication, process

 management efficacy, and stakeholder participa-
 tion as the constitutive elements of the organiza-
 tional system. Furthermore, the model embodies
 the essentially sequential relationship between
 structure, processes, and outcome that is implicit
 in the macro design perspective of organizations.

 Table 3 depicts the relationships between the
 constructs in the model. The full model adopts a

 directed-change perspective of quality manage-
 ment and depicts that top management com-
 mitment has a direct effect on management infra-

 structure sophistication, process management
 efficacy, and stakeholder participation. Manage-
 ment infrastructure sophistication, in turn, directly

 impacts process management and stakeholder
 participation. Both process management efficacy
 and stakeholder participation directly impact
 quality outcomes. Organizations adopting a
 directed-change perspective seek to establish
 tight control over work processes, improve pro-
 cess efficiency, and reduce variability in tasks and
 process outputs. Consequently, these organi-
 zations might favor a direct involvement of the
 senior management in designing and imple-
 menting process level changes and in promoting
 stakeholder participation.

 There is some empirical support for this model in
 the operations management literature. Flynn et al.
 (1995) present a relatively comprehensive effort to

 define an organizational system for quality. They
 categorized quality management practices into top
 management leadership, infrastructure practices,
 and core practices and posited causal relation-
 ships between them. Practices such as statistical
 control and feedback, work flow management, and

 design process management constituted core
 practices, while practices oriented toward
 changing worker attitudes, establishing relation-
 ships with customers and vendors, and deve-
 loping a quality-focused organizational climate
 constituted infrastructure practices (Flynn et al.
 1995). They found core practices directly related
 to quality performance, while infrastructure prac-

 tices created the environment that supports the
 effective use of core practices. They also found
 top management leadership to have a direct effect
 on the systemic elements of TQM, which include
 both core and infrastructure practices.
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 The nested model underscores an empowered-

 change perspective of quality management in that
 work processes are conceptualized and driven by
 process stakeholders. Management provides
 unequivocal support for the change program and
 orients the management infrastructure to be
 supportive of the general nature of the change
 being planned. Thus, their responsibility shifts to
 developing policies, stating goals, and communi-
 cating without contradiction that they are
 supportive of the change program. Contradictions
 between orientation of the change program and
 orientation of the management infrastructure, such

 as nature of training and reward systems, need to
 be eliminated. It is through the design of the
 management infrastructure that top management
 establishes the context to suffocate or promote
 improvements to the design of the process and
 participation of stakeholders.

 There is empirical evidence in the operations
 management literature providing support for the
 empowered change perspective of TQM imple-
 mentation. Anderson et al. (1994) operationalized
 seven concepts underlying Deming's method of
 quality management: visionary leadership, internal
 and external cooperation, learning, process
 management, continuous improvement, employee
 fulfillment, and customer satisfaction. They
 developed and empirically tested a model of
 quality management with hypothesized causal
 relationships among these seven constructs
 (Anderson et al. 1995). According to them,
 commitment to quality exemplified by visionary
 leadership leads to the creation of an organi-
 zational environment characterized by cooperation
 and learning which, in turn, facilitates process
 improvement. Effective process management
 leads to outcomes such as continuous improve-
 ment, employee fulfillment, and customer satis-
 faction. They found that process management has
 a direct effect on quality outcomes, while practices

 that foster learning and cooperation indirectly
 impact quality outcomes by facilitating process
 management. Further, top management leader-
 ship did not have a direct effect on quality
 outcomes or process management. Instead, it
 indirectly affected process management by
 impacting the development of a learning and
 cooperative organizational environment for
 process stakeholders.

 Empirical Study

 Survey

 A national survey was conducted to collect data
 for the study. The population of interest is IS units
 that develop application systems in-house. We
 limited our sampling frame to IS organizations in
 Fortune 1000 companies and large government
 agencies. We followed a systematic approach in
 constructing the mailing list for the survey. First,
 the Fortune 1000 organizations were identified
 through a search of the Compustat corporate
 database. Organizations such as holding com-
 panies, conglomerates, and trusts were dropped
 from the mailing list. This yielded a set of 700
 organizations. Next, the mailing addresses for
 these organizations were obtained from the
 Directory of Top Computer Executives (1994).
 Organizations not listed in the directory were
 dropped, resulting in a set of 605 Fortune 1000
 companies. Finally, 105 federal and state govern-
 ment agencies were randomly chosen from the
 same directory to construct the total sample for
 the study.

 Senior IS executives were chosen as the respon-
 dents as they are likely to be most informed about
 quality initiatives in IS units. The names of senior
 IS executives in the sampled organizations were
 identified from the Directory of Top Computer
 Executives. Where multiple names were found,
 the most senior person was chosen as the
 respondent. A total of 710 questionnaires were
 mailed. A total of four mailings, each spaced
 apart by three weeks, were undertaken. A total of
 123 usable responses were received, resulting in
 a response rate of 17.32% (Table 3).

 The response rate is modest but close to the
 minimum recommended level of 20% for organi-
 zational surveys (Grover 1997; Yu and Cooper
 1983) and similar to those obtained in many IS
 surveys (Pinsonneault and Kraemer 1993). Never-
 theless, it is recommended that all efforts be
 made to maximize response rates and reduce the
 chances of sampling error (Yu and Cooper 1983).

 We took several steps to mitigate the chances of
 sampling error. First, we provided incentives (such
 as a summary of the survey results and a pack of
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 Full Model: Directed-Change Perspective of Quality Management
 The full model represents the directed-change perspective of quality
 management. The model recognizes the importance of management
 infrastructure in shaping process characteristics and fostering stakeholder
 participation. The model also assumes that top management leadership
 can directly impact process characteristics and stakeholder participation.

 The structure of this model is similar to the TQM framework developed by
 Flynn et al. (1994). They tested the framework with data collected from
 multiple respondents (N = 706) from 75 manufacturing plants in the U.S.
 Three types of plants were included in the study: world class manufac-
 turing, Japanese owned, and U.S. owned. The model structure was
 generally supported.

 Nested Model: Empowered-Change Perspective
 of Quality Management
 The nested model recognizes the importance of management infrastructure
 in shaping process characteristics and fostering stakeholder participation.
 However, it assumes that top management leadership does not directly
 impact either process characteristics or stakeholder participation. Rather
 the focus of leadership is in establishing an enabling management
 infrastructure.

 The structure of this model is similar to the model of quality management
 put forth by Anderson et al. (1994). This model was developed based on
 Deming's principles of quality management. The original model included
 feedback loops between quality outcomes and the elements of the
 organizational system. However, the authors omitted the feedback loops
 during their empirical analysis and tested a static model using data from 41
 manufacturing plants in the U.S. (Anderson et al. 1995). The model was
 generally supported.
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 Effective No. of

 Questionnaires Mailed
 No. of Responses

 Received
 Response Rate

 %

 1 Manufacturing 338 64 18.93

 2 Insurance 34 6 17.65

 3 Utilities 34 6 17.65

 4 Transportation 29 6 13.79

 5 Retail 32 5 15.63

 6 Banks 61 8 13.11

 Financial

 7 Services 25 5 20.00

 8 Div. Services 52 5 9.62

 9 Government 105 18 17.14

 Total 710 123 17.32

 coffee) to respondents and conducted multiple
 mailings to improve our response rate. Second,
 we polled nonrespondents to assess the reasons
 for nonresponse and check if factors specific to
 our study accounted for the modest response rate.
 Finally, we systematically checked for non-
 response bias by comparing respondents with
 nonrespondents.

 A telephone poll of 60 randomly chosen non-
 respondents was conducted. A standard protocol
 was developed to structure the telephone conver-
 sations so as to ensure that the questions posed
 to the participants were similar. The questions
 focused on the reasons for nonresponse, the
 relevance of our survey to the organization, and
 whether the organization had adopted TQM in its
 IS units. The major reasons for nonresponse
 indicated were (1) the large number of surveys
 received by them (53.3%), (2) company policy not
 to respond to surveys (13.1%), (3) length of the
 questionnaire (16.6%), (4) lack of interest in the
 survey theme (8.3%), and (5) lack of time due to
 other commitments (such as organizational
 restructuring) (8.3%). These results suggest that
 the significant reasons for nonresponse are not
 specific to this study and represent a more

 general trend. However, it is likely that the length
 of our survey instrument could have deterred a
 small proportion (16%) of the surveyed population
 from participating in our study. Furthermore, 38%
 of the 60 nonrespondents polled indicated that
 they had not adopted TQM practices in their IS
 units. More importantly, 69.8% of survey respon-
 dents reported that they had adopted TQM in IS
 development. While we polled only 60 nonres-
 pondents, it appears that nonadopters of TQM
 may have been more likely not to respond to our
 questionnaire, raising some cautionary implica-
 tions for the external validity of our findings.

 Proportionate classification of respondents and
 nonrespondents were compared on key organi-
 zational characteristics such as industry (SIC
 codes), organization size (measured in natural
 logarithm of number of employees), and annual
 revenue. The chi-square analysis provided
 evidence of the absence of response bias. Table 3
 indicates that the response rate did not vary much
 across industry segments providing further evi-
 dence of the absence of response bias.

 In addition to comparing respondents and non-
 respondents, it is recommended that early and
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 late respondents be compared. The respondents
 were split into three equal groups based on their
 response date. One-way ANOVA was used to test
 for differences between the first (early respon-
 dents) and the third (late respondents) group on a
 variety of demographic variables such as industry,
 organization size, ISD size, and time since adop-
 tion of quality management practices. No sys-
 tematic response bias was found, suggesting that
 the respondents can be pooled with no loss in
 generalizability.

 Our sample represents a broad cross-section in
 terms of industry, organization size, and IS depart-
 ment size. Of the respondents, 52.03% were
 manufacturing firms, 33.33% were service organi-
 zations, and 14.64% were government agencies.
 Of the firms responding, 21.7% had 500 or fewer
 employees, 32.5% had between 500 and 5,000
 employees, 40% had more than 5,000 employees
 (median 3,900 employees). Of the firms
 responding, 25% had 50 or fewer employees in
 their information systems units, 15% had between
 50 and 100 employees, 20% had between 100
 and 200 employees, and 40% had more than 200
 employees (median 137 employees). The respon-
 dents were senior IS executives (Director of MIS,
 62.4%, CIO, 21.3%, Vice President, MIS, 12.4%)
 and 82% of them were within two levels from the

 CEO in the organizational hierarchy.

 Measures

 The constructs that need to be operationalized are
 top management leadership, management infra-
 structure sophistication, process management
 efficacy, stakeholder participation, and quality
 performance. Earlier, we discussed the 13
 constitutive properties associated with these
 constructs. The scales for these 13 factors are

 summarized in Appendix A. The scales were
 refined based on a pilot study conducted with two
 IS executives, two software quality consultants,
 and four IS researchers working in the area of
 systems development. Using the data collected
 from the mail survey, unidimensionality, reliability,

 convergent validity, and discriminant validity of the
 scales were assessed through confirmatory factor
 analysis. Furthermore, the criterion-related validity
 of the quality management scales were assessed.
 Appendix B summarizes the results of scale

 validation. The results indicate that all of the

 scales are unidimensional and meet acceptable
 levels of reliability and validity.

 Based on the constitutive definition of the quality
 management constructs presented earlier, we
 mapped each of the 13 factors to their respective
 higher level constructs, namely top management
 leadership, management infrastructure sophisti-
 cation, process management efficacy, stakeholder
 participation, and quality performance. Factor
 scores computed by averaging the item scores for
 each factor were used as indicators of the

 constructs in the research model.

 Statistical Analysis
 and Results

 Partial Least Squares

 We used the partial least square (PLS) method of
 structural modeling to test the research models.3
 In PLS, latent constructs can be modeled as either

 formative or reflective constructs.4 Indicators of

 reflective constructs are viewed as affected by the
 same underlying construct and are parallel mea-
 sures that covary to the extent that they measure
 the underlying construct. Formative indicators are
 measured variables that are assumed to cause a

 latent variable. They combine to approximate the
 underlying construct and are weighted according
 to the relative importance in forming the construct.

 These indicators are not necessarily correlated.
 Rather, each indicator may occur independently of
 the others (Chin and Gopal 1995). In our models,
 management infrastructure sophistication, pro-
 cess management efficacy, stakeholder participa-
 tion, and quality performance are formative
 constructs, each with three, four, three, and two
 indicators respectively. Top management leader-
 ship is a reflective construct with one indicator.

 3The PLS analyses including the significance tests for
 the path coefficients were performed using PLS-GRAPH.

 4We thank the associate editor for pointing out the
 distinctions between formative and reflective constructs.

 For a detailed treatment of this topic, the readers are
 referred to Cohen et al. (1990) and Chin and Gopal
 (1995).
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 Latent Constructs

 (Reflective/Formative)  Indicators  Loadings  Weights

 Top Management Leadership Top Management Leadership IS Management Support for Quality 1.00 1.00
 (reflective)

 Quality Oriented Policy 0.90* 0.66*
 Management Infrastructure Management InraQuality Orientation of Rewards 0.72* 0.37*
 Sophistication (formative)

 Commitment to Skill Development 0.72* 0.19+

 Formalization of Reusability in 0.38* 0.10
 Systems Design

 Process Management Efficacy Formalization of Design Methods 0.60* 0.13
 (formative)

 Fact Based Management 0.96* 0.74*

 Process Control 0.78* 0.25*

 Programmer/ Analysts Empowerment 0.83* 0.51*
 Stakeholder Participation

 User Participation 0.79* 0.46*
 (formative)

 Vendor Participation 0.62* 0.35+

 Quality Performance Product Quality 0.97* 0.83*
 (formative) Process Efficiency 0.68* 0 30+

 *p <.01; p <.05

 Significance tests and estimates of confidence
 intervals for the path coefficients are not directly
 provided by the PLS method. In order to estimate
 the significance of path coefficients, a boot-
 straping technique was used to generate 200
 samples. The path coefficients were re-estimated
 using each of these samples of observations. This
 vector of parameter estimates was used to
 compute parameter means, standard errors, path
 coefficient significance, indicator loadings, and
 indicator weights. This approach is consistent with
 recommended practices for estimating signi-
 ficance of path coefficients and indicator loadings
 (Ldhmoller 1984) and has been used in prior IS
 studies (Chin and Gopal 1995; Compeau and
 Higgins 1995; Howell and Higgins 1990).

 Table 4 shows the weights and loadings for the
 formative and reflective indicators in the model.

 The weights indicate the relative importance of the
 indicators in defining the formative constructs. For

 formative indicators, which have a regression-like
 relationship with the latent construct, only the
 weights (and not the loadings) need to be
 considered in assessing the measurement model
 (Chin 1998a). While no minimum threshold
 values for indicator weights have been estab-
 lished, the statistical significance of the weights
 can be used to determine the relative importance
 of the indicators in forming a latent variable. It is
 seen from Table 4 that all except two indicator
 weights are statistically significant. Specifically,
 weights for formalization of reusability (0.10; t =
 0.244) and formalization of design methods (0.13;
 t = 1.281) are not statistically significant. Since we
 are dealing with newly developed scales, we
 chose not to refine the measurement model at this

 point in the theory development process.

 In PLS analysis, the predictive power of the
 structural model is assessed by the R2 values of
 the endogenous constructs. R2 values should be
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 interpreted in the same manner as those obtained
 from multiple regression analysis; they indicate
 the amount of variance in the construct that is

 explained by the model (Barclay et al. 1995; Chin
 1998b). The results (Figure 2) indicate that 37% of
 the variance in management infrastructure sophis-
 tication, 65% of the variance in process manage-
 ment efficacy, 19% of the variance in stakeholder
 participation, and 24% of the variance in quality
 performance were explained by the full model.

 The direct relationships between top management
 leadership and process management efficacy and
 between top management leadership and stake-
 holder participation as posited in the full model
 (directed-change) were not supported. An examin-
 ation of the statistically significant paths (Figure 2)
 indicates that the causal structure among the
 antecedents of quality performance is essentially
 sequential as posited in the nested model. Top
 management leadership effects the creation of a
 sophisticated management infrastructure which, in
 turn, facilitates the design and improvement of the
 development process and fosters stakeholder
 participation.

 As expected, process management efficacy had
 a strong positive relationship with quality
 performance. However, the direct relationship

 between stakeholder participation and quality
 performance was not supported. Instead, stake-
 holder participation was found to have an indirect
 effect on quality performance by improving the
 efficacy of the development process.

 Decomposed Models

 To develop deeper insights about the quality
 management phenomenon, we decomposed our
 nested model and interrelated the individual

 quality management factors that constituted our
 constructs. Only the factors that were statistically
 significant in forming the constructs in the model
 were included in this phase of our analysis.
 Accordingly, we excluded two quality management
 factors (formalization of reusability, formalization
 of design methods) from our present analysis.
 Since both product quality and process efficiency
 were significant in forming the quality performance
 construct, we examined two decomposed models,
 one with product quality as the dependent vari-
 able, while the other included process efficiency
 as the dependent variable.

 The factors in each of the decomposed models
 were interrelated with other factors in a manner

 consistent with the relationships between the
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 constructs in the higher-order model. IS manage-
 ment support for quality was the only factor
 defined as constituting top management leader-
 ship and was related to each of the three
 constituents of management infrastructure. Each
 factor constituting management infrastructure
 sophistication was, in turn, linked to each factor
 constituting process management efficacy and
 stakeholder participation. Each factor constituting
 stakeholder participation was linked to the factors
 forming process management efficacy. The four
 process management factors were, in turn, linked
 with product quality in the first decomposed model
 and with process quality in the second decom-
 posed model. The scale items corresponding with
 each of the factors were used as their reflective

 indicators. Both decomposed models had 10
 reflective constructs and 42 indicators.

 Three unexpected loadings were detected in each
 of the decomposed models. In both models, the
 two indicators of vendor participation had negative
 loadings and one indicator (vendors are pressed
 to furnish quality data) of the fact based manage-
 ment construct had a low loading (< .31 in both
 models). We dropped the vendor participation
 factor and the indicator with low loading
 associated with the fact based management factor
 and then reassessed both models. The indicator

 loadings were identical in both models and all of
 them were now statistically significant. Further-
 more, in both models, 33 out of the 39 indicators

 had loadings greater than .707, and the loadings
 for the other items were close to this value. In both

 models, one item under quality policy (item e, .56 -
 see Appendix A), one item under quality orien-
 tation of rewards (item c, .63), two items under
 fact based management (item g, .64 and item h,
 .67), and two items under commitment to skill
 development (item a, .63 and item d, .64) had
 loadings that were less than .707. In addition, the
 loading of one item (item d, .64) under process
 efficiency was below .707.

 The path coefficients of the two decomposed
 models provided support for our higher-order
 model. A total of 16 of the 21 paths was statis-
 tically significant in the product quality model
 (Figure 3), while one additional path was statis-
 tically insignificant in the process efficiency model
 (Figure 4). The decomposed models explained

 22.6% of the variance in product quality and
 11.2% of the variance in process efficiency. We
 interpret the results of the higher-level model and
 the two decomposed models in the next section.

 Discussion

 Previous IS research has examined a myriad of
 technology-based approaches and some organi-
 zational and sociopsychological issues that can
 impact systems development outcomes, including
 quality. Our objective was to add to our theoretical
 and practical understanding of how IS organiza-
 tions can develop capabilities to manage software
 quality. We approached this objective by drawing
 upon theories in macro-organizational design,
 organizational change, and TQM, and developing
 and testing a theory for software quality manage-
 ment. We identified key antecedents of quality
 performance and theoretically interrelated them to
 propose a model of software quality management.
 IS leadership was found to be positively asso-
 ciated with management infrastructure sophisti-
 cation which, in turn, was positively associated
 with both process management efficacy and
 stakeholder participation. Process management
 efficacy was positively associated with quality
 performance.

 An important finding emerging from our results is

 that discrete quality-oriented practices are unlikely
 to impact quality performance substantially.
 Instead, their interactions create an organizational
 system that plays a pivotal role in the deter-
 mination of observed levels of quality perfor-
 mance. This finding is consistent with Deming's
 (1986) assertion that system factors account for
 far greater variance in work performance than
 individual or technology factors. Our results
 emphasize that a coherent, integrated strategy
 encompassing adoption of all identified factors is
 required, as opposed to the implementation of one
 tool or management practice. There are critical,
 and often overlooked, links between leadership,
 management infrastructure practices, and process
 level activities. Each one of these elements is

 important in its own right; what is more important
 is the synergy to be realized by focusing on the
 relationship between these elements. Leadership
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 must provide a clear, unambiguous commitment
 to quality and establish a set of management
 infrastructure practices that nurture and challenge
 system development stakeholders to learn about
 the very processes they interact with on an on-
 going basis. By designing an organizational sys-
 tem for the promotion, integration, and coordi-
 nation of such learning, an IS organization estab-
 lishes a management framework that is oriented
 toward ongoing improvement of its products and
 services and the processes that deliver them.

 We posited and observed a significant positive
 relationship between top management leadership
 and management infrastructure sophistication. No
 weaknesses were detected in this relationship, as
 in both decomposed models IS management
 support for quality was found to significantly
 impact each of the three management infrastruc-
 ture factors. While senior IS executives play a
 crucial role in creating systemic capabilities, our
 results suggest that they must tread a careful line
 between providing direction and facilitating auto-
 nomous change at the operational level. The
 empowered-change perspective suggests that
 while top management leadership effects the
 creation of appropriate infrastructure capabilities,
 it does not have a direct effect on either the opera-
 tional processes or the associated behavioral
 processes. Directives from senior IS managers to
 effect design changes to the development process
 are unlikely to be beneficial. Instead, senior IS
 management should focus on creating an
 environment supportive of learning and improve-
 ment in which stakeholders are motivated to

 initiate process level changes. In high perfor-
 mance organizations, employees do their jobs well
 because they are committed to a common pur-
 pose, not out of compliance to directives from
 senior management. As a result, users and IS
 personnel must be given the latitude to take
 appropriate actions to achieve performance goals.
 This increased decentralization within system
 parameters is an important element of a systems
 approach to software quality improvement.

 While software process improvement has
 received a great deal of attention in the IS litera-
 ture, many software process improvement frame-
 works, including the CMM, do not pay adequate
 attention to the organizational factors that enable

 or constrain process improvements. The early
 stages of the CMM focus on process improvement
 activities and project-related issues, while organi-
 zational infrastructure factors are emphasized in
 the later stages. In contrast, we have argued that
 improvements to the development process and
 desired behaviors among stakeholders can be
 enabled by a carefully conceived management
 infrastructure. Our empirical results support a
 strong positive effect of management infra-
 structure sophistication on process management
 efficacy and stakeholder participation.

 Results of our decomposed model (Figures 3 and
 4) analysis reveal additional insights about the
 impact of management infrastructure elements on
 process management efficacy and stakeholder
 participation. Quality orientation of reward
 schemes positively impacts both the rational de-
 sign of the systems development work process
 and the behavioral process of stakeholders. On
 the other hand, quality policies and goals have a
 strong effect on the rational design of the
 development process, but do not significantly
 impact the behavioral process of stakeholder
 participation. Similarly, commitment to skill devel-
 opment has a positive effect on both stakeholder
 participation variables, but does not significantly
 affect either of the process management efficacy
 factors we considered in the decomposed models.
 Our results indicate that the impact of the
 management infrastructure factors on the rational
 design of work processes differs from its impact
 on behavioral factors. Interestingly, while policies
 have an effect on rational design of work pro-
 cesses, they may not be an effective mechanism
 to foster behavioral changes. Instead, important
 behavioral processes, such as stakeholder
 participation, need to be promoted by design of
 motivators and appropriate infusion of requisite
 skills.

 How do behavioral processes of key stakeholders'
 impact the management of systems development?
 The IS literature provides arguments for managing
 the behavior of stakeholders during development
 projects and empirical support for the impact of
 user participation on development project out-
 comes. We suggested shifting the focus from the
 relationship between behavioral processes and
 development project outcomes to behavioral
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 processes and process improvement. Our defini-
 tion of stakeholder participation included user
 participation, programmer/analyst empowerment,
 and vendor participation. Our results provide evi-
 dence of a positive relationship between stake-
 holder participation and process management
 efficacy. This provides empirical support for our
 thesis that selected behavioral processes, such as
 participation, need to be promoted not primarily to
 obtain superior products in a given development
 project, but also to promote the ongoing
 enhancement of development process capability.

 Our decomposed model analysis suggests that
 vendor participation, as defined and measured
 here, is not a critical part of the nomological net-
 work of constructs we used to explain software
 quality management. However, vendors possess
 significant technical knowledge about new pro-
 ducts and methods that can impact the design of
 development processes. We recommend that
 future research further develop the vendor
 participation factor with a focus on lowering tech-
 nical knowledge barriers associated with new
 development tools and methods and the inte-
 gration of technical knowledge embodied in these
 tools with the systems of organizations adopting
 these tools.

 Does an organizational system as conceptualized
 here lead to tangible improvements in systems
 development performance? Our results suggest
 that IS management leadership, the management
 infrastructure of the IS unit, the capability of the

 development process, and participative behavior
 of stakeholders interact in a characteristic manner

 to have a positive impact on systems development
 performance. The decomposed models provided
 further support wherein strong positive effects
 were observed between fact-based management
 and product quality and between process control
 and product quality. A positive effect was detected

 between fact-based management and process
 efficiency, but no significant relationship was
 detected between process control and process
 efficiency (but the path coefficient was a positive
 and modest .1 19). Thus, control-oriented activities

 do not appear to lead to a significant reduction or
 increase in resource requirements for develop-
 ment, but rather promote a substantially higher
 quality of developed products.

 Implications for IS Theory and
 Future Research

 Our study contributes to IS theory by integrating
 concepts and research from organization design
 and quality management with those in the infor-
 mation systems area. Quality management, IS
 management, and systems development litera-
 tures were integrated to identify critical factors of

 quality management and quality performance.
 Using theories of macro-organizational design and
 organizational change, these factors were synthe-
 sized into higher level constructs that together
 define an organizational system. Interrelationships
 between these constructs were developed and a
 theory for software quality management was
 proposed and tested.

 This study is perhaps the first one to go beyond
 anecdotes and develop theory in software quality
 management. We recognize that for any theory to
 be faithful to everyday realities it must be tested
 with data from diverse sources. The quality
 management factors and the higher level con-
 structs developed in this study will permit future
 researchers to use common definitions and

 assumptions to study the relationships between
 quality management and quality performance.
 Researchers are encouraged to question the
 conceptual and operational definition of these
 factors and constructs. Researchers are also

 encouraged to refine the measurement scales
 developed here, especially the ones that had
 relatively weak item loadings (Appendix B), such
 as the scales for commitment to skill development

 and process efficiency.

 Our analysis revealed that some of the identified
 factors were more significant in forming the
 higher-order constructs in our model than others.
 For example, formalization of reusability and
 formalization of analysis and design methods did
 not significantly affect process management
 efficacy. Similarly, vendor participation did not
 significantly affect stakeholder participation. These

 results suggest that further refinement of the
 dimensionalities of these higher-order constructs
 might be required. For example, process manage-
 ment efficacy can be conceptualized into two
 dimensions: process design (which includes
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 formalization of reusability and design methods)
 and process improvement (which includes fact-
 based management and process control).
 Similarly, participation of internal stakeholders
 (users and programmer/analysts) could be
 differentiated from participation of external
 stakeholders (vendors). Such ongoing refinement
 of the theoretical model presented here is required

 to enhance our understanding of the antecedents
 of quality performance and their relationships.

 The study opens up other avenues for future
 research, a few of which are discussed here.

 Lederer and Mendelow (1990) found that IS
 management processes are influenced by the
 contingencies faced by IS units. The concept of
 equifinality in general systems theory suggests
 that organizations faced with different con-
 tingencies could pursue different paths to attain
 similar goals. If so, are there contingencies under
 which the antecedents of quality performance and
 their proposed causal order could be different?
 What is the nature of these contingencies and
 how do they influence the quality management
 practices? Should organic and mechanistic
 organiations pursue different paths to improve
 systems development performance? As part of a
 broader theory, future studies should identify
 appropriate contingencies and examine their
 impact on the software quality management prac-
 tices presented in our study.

 Research in software quality has focused largely
 on the engineering aspects of software quality
 assurance and associated tools, methodologies,
 and testing methods. Such approaches are insuf-
 ficient to deliver high quality software in time and
 in a cost-effective manner. This study focused on
 the socio-behavioral and organizational aspects of
 software quality management. However, socio-
 behavioral factors may not ensure the develop-
 ment of technically sound systems. Thus, it is
 necessary to integrate the technical and socio-
 behavioral perspectives to develop a more
 comprehensive understanding of the determinants
 of quality performance. The present model can be
 extended to include technical and engineering
 aspects of software quality management. Socio-
 technical systems theory (STS) (Pasmore 1988;
 Trist and Bamforth 1951), with its explicit focus on

 the interplay between social and technical aspects
 of work design, offers a rich theoretical base for
 such an undertaking. It should be pointed out that
 a significant body of research exists that has
 applied STS to systems development (Bostrom
 and Heinen 1977a, 1977b; Mumford 1983, 1996;

 Mumford and Weir 1979). However, this stream
 of research has focused on the design of the
 larger work system and not specifically on
 software quality management. We believe that
 extending the STS perspective to software quality
 management offers promising research oppor-
 tunities.

 Process-based approaches (such as TQM and
 CMM) generally recognize that moving from a
 craft approach, where performance is largely a
 function of individual skills, to a factory approach,

 where the process plays a dominant role, is
 necessary to improve software development
 performance (Cusumano 1991; Swanson et al.
 1991). IS developers could perceive process-
 based approaches as deskilling their job and
 increasing managerial control over systems
 development tasks. Such a change is likely to be
 resisted by developers and could be a cause for
 failure of these approaches. STS offers the
 potential to offset these negative consequences
 through appropriate job design that allows
 developers to exercise control over their work and
 work environment. The empowered change model
 provides preliminary ideas of how the control
 systems of process-based approaches can be
 integrated with participative approaches. We
 suggested enhancing the influence of developers
 from striving to reduce process variations to
 setting more effective standards for achieving
 desirable outcomes and to altering work pro-
 cesses by observing, interpreting, and reacting to
 environment change. Clearly, further research that

 builds on these ideas is required to better
 understand how the process-based approaches
 and STS perspectives could be integrated in the
 context of software quality management.

 Implications for IS Practice

 Traditionally "discrete solutions" to the software
 quality problem have been sought, solutions
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 based on one or more of the following aspects:
 development infrastructure, process improvement,

 participative design, or project management prac-
 tices. Our results stress the importance of a
 systemic approach of developing infrastructure
 capabilities to enable implementation of quality-
 oriented processual factors. This approach ele-
 vates the management of systems development to
 levels above the programmer/analyst or project.
 Treating software quality improvement as a project

 level issue is unlikely to be effective since organi-
 zational impediments to quality improvement,
 such as a dysfunctional reward system, cannot be
 effectively dealt with within individual systems
 development projects. Thus, IS units need to
 frame quality improvement as an organizational
 change program and direct attention at managing
 the transition to a quality-oriented organization.

 What is the role of top managers in transitioning to

 a quality-oriented organizational system? IS
 managers have to provide the impetus for quality
 improvement by their active involvement in quality

 initiatives and through visible signaling that quality

 is an important priority for the IS organization.
 Such priority setting is critical to ensure that
 quality is not ignored under schedule and budge-
 tary pressures, as has been found to happen
 (Abdel-Hamid 1988). IS managers have to
 develop a "constancy of purpose" (Deming 1986)
 for their organization and ensure that short-term
 pressures faced by the IS unit do not send
 ambiguous signals about long-term quality objec-
 tives. However, they should not consider it their
 direct responsibility to design the specifics of the
 development process and its associated manage-
 ment practices. They need to delegate authority
 and responsibility so that such design decisions
 emerge from those closest to the development
 process, namely users, IS personnel and vendors.
 Such decentralization of decision making is
 important to create an empowered work setting for
 IS development where stakeholders are motivated
 to pool their knowledge resources to improve
 software quality.

 Past studies have reported that administrative
 practices in IS units are a major impediment to the
 adoption of software process innovations (Karimi
 1990; Leonard-Barton 1987; Ravichandran 1999).
 Our findings reinforce this notion and highlight that

 software process improvement involves substan-
 tial social change and cannot be accomplished
 without appropriate administrative changes. Spe-
 cifically, reward systems should be examined to
 assess if they constrain stakeholders from sharing
 insights with each other or inhibit IS developers
 from translating their experiences into design
 opportunities for the development process and its
 management. IS managers should also examine
 the skill sets of users and IS personnel and allo-
 cate resources to develop problem solving, critical
 thinking, and communication capabilities. These
 capabilities are necessary for effective partici-
 pative behavior, wherein both the domain and
 intent of participation transcends the conduct of
 individual projects and encompasses process
 improvement.

 There are major implications for the roles of
 stakeholders, as their responsibility sets are
 expanded to encompass the design and improve-
 ment of the development process. Developers
 and project managers should actively collaborate
 with users and vendors to tap into their exper-
 iences and insights about improving the develop-
 ment process. Users and developers need to
 collectively design a system for the acquisition
 and analysis of process improvement oppor-
 tunities. They should also examine the processes
 used in their organization to interpret the appli-
 cability of emerging technologies and methodo-
 logies. However, the enhanced user and vendor
 influence over the development process design
 may not be easily accepted by IS personnel. IS
 managers have to guard against protectionist
 behaviors by IS personnel, as well as oppor-
 tunistic behavior by vendors to tailor the develop-
 ment process to meet their respective goals. They
 also need to manage against possible disenfran-
 chisement of IS personnel because of increased
 user influence over systems development tasks.

 Limitations of the Study

 While the theory developed here suggests a
 causal sequence to the relationship among the
 constructs, imputations of causality should be
 made with caution. Our data is cross-sectional

 and not longitudinal in nature. Thus, we cannot
 say with certainty that IS units included in our
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 sample proceeded in the sequence suggested
 here to develop an organizational system for
 quality. However, our sample includes IS units
 that have been implementing the identified prac-
 tices for varying lengths of time ranging from less
 than an year to over five years. This acts to
 increase our confidence in the general appli-
 cability of our results throughout the course of
 designing an organization system for quality.

 We used a key informant method for data
 collection. Both quality management and quality
 performance data were collected from senior IS
 managers. It is possible that the self-reported
 quality performance measures could be biased.
 However, these measures represent the per-
 ceptions of IS executives who, most likely, are
 responsible for championing quality issues and
 sanctioning resources for quality improvement
 initiatives. Their perceptions of product quality and

 process efficiency will, therefore, be an important

 factor that influences TQM adoption and imple-
 mentation. Nevertheless, we suggest that future
 researchers considertwo alternatives in assessing

 quality performance. First, objective quality mea-
 sures could be used to complement the perceived
 measures used here. Objective measures typically
 assess the quality of individual systems. These
 measures will have to be aggregated into an
 overall index of quality performance for the IS unit.

 Such aggregation would be necessary if the unit
 of analysis, as in our study, is the IS organization
 and not individual systems or development
 projects. Therefore, careful thought has to be
 given to how system level quality measures can
 be aggregated to develop an objective quality
 performance measure for the entire IS organi-
 zation. Second, quality performance could be
 measured by surveying multiple respondents,
 such as end users, programmer/analysts, and IS
 managers. This method has the advantage of
 using multiple respondents and can yield a richer
 data set. However, if a survey method is used, it is

 likely that the sample size would be low since only
 firms with matched responses from users and IS

 managers could be included in the analysis. A
 different research design, such as an in-depth
 field study in pre-selected organizations, can be
 used to investigate how the antecedents of quality

 performance evolve over time.

 Conclusion

 We began this inquiry with the idea that there are
 systemic drivers of quality. A major focus of the
 study was to identify the components of an
 organizational system for quality and develop the
 theoretical relationships between them. The
 results suggest that quality performance stems
 from a discrete set of antecedent conditions that

 are causally connected. Further, they suggest
 that these conditions develop in a characteristic
 sequence and that all identified conditions need to
 be developed to attain significant improvements in
 quality performance.

 The study represents a significant effort at
 integrating diverse, yet complementary literature
 streams to develop theory in an important area of
 IS research, namely software quality manage-
 ment. The results are interesting and highlight that
 IS research in this area can be enriched by quality
 management concepts and principles. Further, the
 study identifies critical organizational levers that IS
 managers can manipulate in their efforts to
 improve software quality performance.
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 APPENDIX A

 Outline of the Questionnaire Used for the Study

 All items except those for scale 6 solicit responses on a seven point Likert scale with 1 = Strongly
 Disagree, 2 = Disagree, 3 = Disagree Slightly, 4 = Neutral, 5 = Agree Somewhat, 6 = Agree, and 7 =
 Strongly Agree. Items for scale 6 (formalization of reusability in systems development) solicit responses
 on a five point scale with 1 = None, 2 = Low, 3 = Moderate, 4 = High, and 5 = Very High. During data
 analyses the responses for scale 6 were normalized to a seven point scale to maintain uniform scale width
 for all constructs.

 The following items pertain to quality management practices in your information systems department (ISD).
 For each item, please circle the choice that best indicates current practices in your ISD.

 1. IS Management Support for Quality

 (a) IS chief executive assumes responsibility for quality performance
 (b) IS chief executive is evaluated for quality performance
 (c) IS chief executive supports quality improvement processes

 2. Quality Policy and Goals

 (a) IS management has clear quality objectives
 (b) Quality goals within IS are very specific
 (c) There is a comprehensive IS quality plan
 (d) Quality goals and policy are understood within the department
 (e) Significant importance is attached to quality in relation to cost and schedule objectives.

 3. Quality Orientation of Reward Schemes

 (a) Development cycle time, cost and productivity are used as the basis for rewards for IS personnel
 (b) User satisfaction is an important factor in determining rewards for IS personnel
 (c) Quality measures like error rate and scrap rate are used as the basis for rewards for IS personnel
 (d) Incentives are used to promote reusability

 4. Commitment to Skill Development

 (a) Regular training in quality management tools and techniques is given to IS personnel
 (b) Team building and group dynamics training are given to IS personnel
 (c) Business skills training is given to IS personnel
 (d) Resources are made available for training IS personnel

 5. Formalization of Analysis and Design

 (a) Formal techniques such as JAD and prototyping are regularly used for requirement elicitation
 (b) Idea generation techniques such as brain storming are used in system design
 (c) Formal techniques such as quality function deployment are used to translate user requirements

 into design
 (d) Standard representation schemes such as ER diagrams and DFD are used for design

 specifications
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 6. Formalization of Reusability in Systems Development

 (a) Extent to which formal policies to promote development of reusable design/code are implemented

 (b) Extent to which formal policies that mandate use of reusable components are implemented
 (c) Extent to which reuse of code/design components is monitored
 (d) Extent to which formal policies on parameterization of design/code are implemented

 7. Fact Based Management

 (a) Quality data is collected and reported at frequent intervals
 (b) Vendors/consultants are pressed to furnish quality data
 (c) Performance levels are benchmarked with those of other firms
 (d) Quality problems are analyzed to identify problem causes
 (e) Quality data is systematically used in managing systems development
 (f) Cost of quality is analyzed
 (g) Metrics are recalibrated to reflect changes in the development process
 (h) Best practices are systematically institutionalized

 8. Process Control

 (a) Performance standards have been established for design
 (b) Performance standards have been established for programming
 (c) Performance standards have been established for testing
 (d) Performance standards are used to monitor and control output
 (e) Performance standards are revised annually/regularly

 9. User Participation

 (a) Users actively participate in determining system requirements
 (b) Users actively participate in identifying input/output needs

 (c) Users actively participate in developing test plans

 10. Vendor Participation

 (a) Long term partnerships have been established with key vendors/consultants
 (b) Vendors/consultant form an integral part of the systems delivery process

 11. Programmer/Analyst Empowerment

 (a) Team members participate in project planning
 (b) Team members participate in decisions regarding resource allocation to projects
 (c) Project schedules are determined in consultation with team members

 12. Product Quality

 (a) Users perceive that the system meets intended functional requirements
 (b) The information provided by the systems meets user expectations
 (c) Systems meet user expectations with respect to response time, flexibility and ease of use
 (d) Users are satisfied with the overall quality of the systems
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 13. Process Efficiency

 (a) Projects usually overrun budgeted costs
 (b) Schedule overruns are common in most projects
 (c) Backlog of development work is high
 (d) Fixing bugs and other types of rework account for a significant proportion of systems development

 effort.

 APPENDIX B

 Summary of Scale Validation5

 We used confirmatory factor analysis for scale validation. The scales were factor analyzed using LISREL.
 This involved specifying a measurement model for each scale defined according to the weighted linear
 combination of their constituent items and assessing the fit of the specified measurement model to the
 data. Such a specification subscribes to a causal-indicator model where the observed indicators are
 reflective of the unobserved theoretical construct. Typically, a causal-indicator model is specified and
 analyzed for each theoretical construct individually (Ahire et al. 1996; Venkatraman 1989). We followed
 these guidelines for all constructs with four or more indicators. Constructs with a lesser number of
 indicators were pooled and analyzed in order to provide adequate degrees of freedom for estimation of
 model parameters.

 Degrees of freedom pertains to the number of bits of information available for estimating the sampling
 distribution of the data after all model parameters have been estimated. In practical terms, the degrees of
 freedom are the number of nonredundant covariance in the input matrix minus the number of estimated
 parameters. Measurement models witthree indicator variables are just identified with one degree of
 freedom and will yield a perfect fit. Models with a lesser number of indicators are underidentified and will
 always yield incorrect loadings. One approach to overcome both of these problems is to pool the indicators
 for underidentified and just idenified constructs and specify a combined measurement model. In our study,
 three constructs (IS commitment to quality, empowermenalt of programmer/analysts, user participation) have
 three items and one construct (vendor participation) has two items. Items for these four constructs were
 pooled and analyzed resulting in a model that was overidentified with 38 degrees of freedom.

 Following guidelines for scale validation (Anderson and Gerbing 1988; Bollen 1989), a series of analyses
 were done to assess unidimensionality, reliability, convergent validity, and discriminant validity of both the
 quality management and quality performance constructs and the criterion related validity of the quality
 management constructs. These are briefly summarized below.

 In confirmatory factor analysis, unidimensionality is tested by specifying a measurement model that defines
 the relationship between each construct and its constituent items. A good fit of the measurement model
 indicates that, as hypothesized, all items load significantly on one underlying latent variable and that the
 scale is unidimensional. The goodness of fit index (GFI) is high for all scales, indicating that the scales are
 unidimensional.

 5For a more detailed discussion of the scales and their validation, the reader is referred to Ravichandran and Rai (1999).
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 Scale reliability was assessed using Cronbach's alpha and the Werts et al. (1990) pc pc represents the
 ratio of trait variance to the sum of trait and error variance. Scales with pc greater than 50% are considered
 to be reliable. A minimum Cronbach s alpha of .6 is required for new scales to be considered reliable
 (Nunnally 1988). The reliability of all the scales are adequate on both criteria.

 Convergent validity of the scales was assessed using the Bentler-Bonnet coefficient (A). The Bentler-
 Bonnet coefficient represents the ratio of the chi-square value of the specified measurement model to that
 of a null model which has no hypothesized item loadings on a construct. Scales with A values of .90 or
 above demonstrate strong convergent validity.

 Discriminant validity of the scales was assessed using the following procedure. Confirmatory factor
 analysis was run on pairs of scales allowing for correlation between them. Next, the procedure was
 repeated with the correlation between the two scales constrained to be equal to 1. A significant difference
 between the constrained model chi-square and that of the unconstrained model indicates that the two
 scales are distinct (Ahire et al. 1996; Venkatraman 1989). Discriminant validity checks were run for all
 pairs of the 11 quality management scales and two quality performance scales (a total of 56 tests). The
 chi-square difference test was found significant (p <.001) for all 56 tests.

 Criterion-related validity was assessed by testing the relationships between each of the 11 quality
 management factors with both product quality and process efficiency. All 22 relationships were in the
 expected direction; 18 of these relationships were significant providing evidence of the criterion-related
 validity of the respective quality management constructs. Formalization of reusability in systems
 development and vendor/consultant participation were not significantly related with product quality and
 process efficiency. However, the associations were in the expected directions, providing some evidence
 of the criterion-related validity of these two constructs.
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 Unidimensionality  Reliability

 Convergent
 Validity

 Construct and Item

 Loadings*

 Number

 of Items

 Goodness of Fit

 Index [GFI]

 IS management support for

 quality (.90, .74, .60) 3H .94 .79 .80 .92

 Quality policy and goals (.78,

 .89, .77, .77, .41) 5 .96 .84 .85 .95

 Commitment to skill

 development (.34, .65, .92,

 .50) 4 .99 .70 .71 .98

 Quality orientation of reward

 schemes (.57, .77, .45, .62) 4 .97 .68 .79 .91

 Formalization of reusability in

 systems development (.79,
 .95, .79,.56) 4 .99 .85 .86 .99

 Formalization of

 analysis/design (.82, .61,
 .61, .68) 4 .95 .77 .78 .90

 Fact based management
 (.78, .48, .53, .75, .91, .69,

 .68,.56) 8 .93 .87 .87 .92

 Process control (.95, .97,

 .94, .82,.73) 5 .92 .95 .95 .96

 User participation (.90, .94,

 .57) 3H .94 .78 .86 .92

 Programmer/analyst

 empowerment (.50, .67, .72) 3H .94 .65 .67 .92

 Vendor/consultant

 participation (.65, .84) 2H .94 .71 .77 .92

 Product quality (.85, .83, .67,

 .60) 4 .90 .82 .83 .87

 Process efficiency (.93, .94,

 .50, .33) 4 .96 .78 .79 .95

 HA combined model was run for these four constructs.

 *All item loadings were significant at p < .001.
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