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ABSTRACT: The availability of high-quality software is critical for the effective use of
information technology in organizations. Research in software quality has focused
largely on the technical aspects of quality improvement, while limited attention has
been paid to the organizational and sociobehavioral aspects of quality management.
This study represents one effort at addressing this void in the information systems
literature. The quality and systems development literatures are synthesized to de-
velop eleven quality management constructs and two quality performance constructs.
Scales for these constructs are empirically validated using data collected from a
national survey of IS organizations. A LISREL framework is used to test the reliabil-
ity and validity of the thirteen constructs. The results provide support for the reliabil-
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ity and validity of the constructs. A cluster analysis of the data was conducted to
examine patterns of association between quality management practices and quality
performance. The results suggest that higher levels of institutionalization of all qual-
ity management practices are associated with higher levels of quality performance.
Our results also suggest that key factors that differentiated high- and low-quality
performing IS units include senior management leadership, mechanisms to promote
learning and the management infrastructure of the IS unit. Future research efforts
directed at causally interrelating the quality management practices should lead to
the development of a theory of quality management in systems development.

KEY WORDS AND PHRASES: information systems management, software quality, systems
development, total quality management theory.

INFORMATION TECHNOLOGY (IT) PLAYS A CRITICAL ROLE IN ORGANIZATIONS today.
IT capabilities are being used to reengineer traditional business processes and to
redesign organizations for today’s information-intensive environment. Systems de-
velopment is a key process on which the success or failure of such IT-based organiza-
tional transformation efforts depends. Rockart and Hofman [81] observe that in many
organizations 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” (p. 21).

Recurrent problems such as poor system quality, long development lead time, user
dissatisfaction, and high costs indicate that development of systems under accept-
able conditions of quality and productivity remains a challenge. The escalating
demand for new systems is expected to further compound quality problems in sys-
tems development. This concern is reflected in studies that indicate that systems
development quality is a key issue facing IS executives in the 1990s [69, 89].

The attention to quality improvement is driven by increased organizational depen-
dence on information systems and the magnitude of potential losses associated with
poor systems quality. For example, software bugs in the baggage handling system
delayed the opening of the Denver International Airport, which resulted in a $1.1
million per day increase in operating costs [38]. In addition to business losses, poor
systems quality leads to project failures and cancelations. After spending $6 million,
the Internal Revenue Service canceled its tax system modernization project partly
because of quality problems. The Standish Group estimates that, in 1995 alone, more
than $81 billion was wasted by U.S. companies in projects that ended up delivering
poor-quality systems [91].

Managing systems development quality involves two fundamental but interde-
pendent dimensions. First, a sophisticated technological infrastructure that enables
the design and construction of high quality systems needs to be implemented. Sec-
ond, an organizational system that enables analysts and programmers to engage in
quality-oriented behavior needs to be established. Systems quality research has pre-
dominantly focused on the first dimension, which has led to increased understanding
of the technical aspects of systems quality management. On the other hand, funda-
mental understanding of the organizational drivers of systems quality has not grown
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at the same pace. Given that the challenges facing IS development performance
improvement are largely organizational and not technical in nature, it is imperative
that research is directed at the organizational dimensions of quality management.

Total Quality Management (TQM), with its emphasis on the organizational and
sociobehavioral aspects of quality improvement, can add to existing research on
systems quality management. TQM is an integrated management philosophy that
has been found to strongly influence o1 ganizational performance [34, 44]. Organiza-
tions are beginning to realize that TQM principles can be applied beyond manufactur-
ing. In particular, the IS function presents many opportunities for TQM. Organizations
such as Corning, Inc. [88] and Dun and Bradstreet Software [59] have found that TQM
practices such as empowerment and benchmarking have a positive impact on systems
development performance. Others have reported the positive effects of software process
improvement on software quality, cost, and schedule adherence [61, 62].

While TQM practices have been selectively applied to IS development, they have
not been elaborated upon and integrated with other systems development practices.
Furthermore, a holistic analysis of the application of TQM concepts to systems qual-
ity management has not been undertaken. Systematic application of TQM theory to
IS development is required to develop a better understanding of the organizational
drivers of systems quality. Our objectives for this paper include synthesizing the IS,
software engineering, and TQM literatures to identify and define key constructs of
TQM in systems development; developing scales for TQM constructs in systems
development and empirically testing their reliability and validity; examining pat-
terns of association among the quality management constructs and quality perfor-
mance; and identifying the relative importance of the identified quality management
factors in making the transition from low-quality-performing to high-quality-per-
forming IS development organizations.

This paper first identifies quality management themes previously discussed in the
IS and software engineering literatures and examines their linkages with TQM con-
cepts. We also identify the gaps and shortcomings in current research on systems
quality management and examine how TQM concepts can enrich and extend systems
quality research. Next, we synthesize the TQM literature to identify key TQM con-
structs, define these constructs in the context of systems development, and develop
scales for each construct. We then discuss the empirical study and the iterative pro-
cess adopted for construct validation and scale refinement and examine the patterns
of association between the quality management practices and quality performance.
Finally, we identify and discuss some directions for the development of a theory of
quality management in systems development.

Literature Review

A SYSTEMATIC REVIEW OF THE IS AND SOFTWARE ENGINEERING LITERATURES indi-
cates that selected TQM concepts have been applied to investigate the information
systems quality phenomenon, sometimes without explicit reference to or linkage with
the total quality management literature. Past research on the IS quality phenomenon has
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predominantly focused on techniques and tools for software quality assurance, the
quality impacts of software process innovations and design methodologies, and de-
velopment process management. We summarize significant research in each of these
areas and examine the linkages with relevant TQM concepts. We use our synopsis of
the literature to identify shortcomings and gaps in the management of systems devel-
opment quality, thereby motivating our present work.

Based on an extensive review of the software quality assurance research, Rai, Song,
and Troutt [76] conclude that researchers have emphasized software quality charac-
teristics, software metrics, and quality control techniques and tools. TQM techniques,
such as statistical quality control and quality function deployment, have been adapted
and applied to software development [92, 108]. Some studies have empirically inves-
tigated the impact of these techniques on software quality outcomes [2, 16, 70, 72].
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 [100]. Limited research has been undertaken to develop
measurement frameworks that link quality objectives to process and product metrics.
Furthermore, quality control techniques are unlikely to be effective unless they are
an integral part of an organizational system for quality improvement.

A large body of system quality research has conceptualized systems development
as a technical process emphasizing precision and technical accuracy in design and
construction. Research on software process innovations, such as CASE and reusabil-
ity, suggests that these tools and techniques have a positive effect on code quality
and programmer productivity. [13, 82, 104, 3, 11, 60]. However, their effect on overall
system quality has been marginal because a large proportion of quality problems
originates during requirement definition and system design [ 105]. Furthermore, stud-
ies also conclude that organizations face major hurdles in the implementation of
software process innovations and that these hurdles are organizational, not techno-
logical, in nature.

Process improvement is a core TQM concept. The Software Engineering Institute
(SEI) has developed specific models to evaluate, diagnose, and evolve the capabili-
ties 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 used to recalibrate and fine-tune process design. Anecdotal evidence
suggests that organizations implementing CMM-based software process improve-
ment have realized gains in development cycle time and programmer productivity
[28, 41, 45]. Reports also suggest that organizations face difficulties in adhering to
the sequence of change implementation recommended by CMM [17, 74, 83].

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, which are currently
missing in the CMM, can play a major role in enabling or constraining process manage-
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ment efforts [73]. The omission of key organizational factors from the CMM and the lack
of theory informing the conceptualization of the CMM stages raise questions about the
rationale for the suggested sequencing to develop process capabilities.

In summary, while previous research on IS development has examined some impor-
tant TQM concepts, key gaps exist in this area of research. First, an integrated analy-
sis of the application of TQM concepts to information systems development has not
been undertaken. Consequently, no coherent theory of systems quality management
has emerged. Second, systems quality research has focused on the technical and
engineering aspects of quality control, while paying limited attention to the organi-
zational dimensions of quality management. Third, a systemic perspective of quality
management is lacking in current IS research. Our objective is to move toward a
theory of information systems quality management. Identification of constructs and
scale development is an important first step in meaningful theory development in
systems quality management. Accordingly, we synthesize the TQM, systems devel-
opment, and software engineering literatures to identify and define key quality man-
agement constructs and develop scales for them. In the next section, we review the
TQM literature to identify the critical factors of quality management and in the
subsequent section we adapt these factors to the systems development context.

Critical Factors of Quality Management

THE QUALITY MANAGEMENT LITERATURE IS LARGELY BASED on the prescriptions
of recognized quality proponents, including Deming, Crosby, Juran, Feigenbaum,
and Ishikawa. Recent studies in the areas of operations management and strategic
management have synthesized these prescriptions and identified critical factors of
quality management [1, 33, 84]. Based on a detailed literature review, Saraph, Bensen,
and Schroeder [84] identified top management leadership for quality, the role of the
quality department, training, product/service design, supplier quality management,
process management, quality data and reporting, and employee relations as eight
important quality management constructs. They used the data collected from 162
rmanagers to validate the proposed measurement scales for these constructs. Flynn,
Schroeder, and Sakakibara [33] synthesized the practitioner literature and govern-
ment reports on quality and identified additional constructs such as quality improve-
ment rewards and work-force management. They used the data collected from mul-
tiple respondents in forty-two manufacturing plants to validate their constructs. More
recently, Ahire at al. [ 1] extended the work of Saraph et al. [84] and Flynn et al. {33] and
identified additional constructs, such as customer focus and SPC usage. They validated
their constructs using the data collected from 371 manufacturing firms in the United
States. Table 1 summarizes the constructs examined in these three studies.

Key Constructs of TQM in Systems Development

WE ADAPTED THE CRITICAL FACTORS OF TQM TO THE SYSTEMS DEVELOPMENT
context. Nunnally [71] suggested that, when borrowing constructs from reference
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disciplines, it is imperative that researchers closely examine the meaning of each
construct within the context in which it was first defined, and then evaluate if the
meaning holds true in a different context. We followed a systematic process of map-
ping the TQM factors to the IS development context and identified eleven quality
management and two quality performance constructs. The identified constructs are
also summarized in Table 1.

Constructs are latent variables that cannot be directly observed. Hence, it is neces-
sary to measure the manifestation of a construct using items that constitute a scale.
The items for each construct were identified by directly adapting the items from the
validated quality management scales [1, 33, 84] to the systems development con-
text. Where feasible, items from existing scales in the IS literature were used in
the development of the operational measures of the quality management and
quality performance constructs. The operational measures of the thirteen scales
are shown in the appendix. We discuss each of these constructs and their mea-
surement scales.

IS Management Commitment to Quality

Deming [27] asserts that without senior management’s commitment to quality im-
provement and visible signaling of their commitment, an organization will not be
able to change its practices that lead to poor quality. In fact, top management com-
mitment to quality is a common factor to all quality management frameworks [22, 27,
56, 85, 87]. Empirical studies support the thesis that top management commitment to
quality promotes quality-oriented practices and behaviors in the organization [6, 34,
84]. These findings are consistent with transformational leadership theories [12, 97],
which suggest that senior management can encourage change by formulating and
communicating a vision for the future and reinforcing values that support this vision.
Senior management may demonstrate confidence and moral conviction in their val-
ues [46], espouse an appealing vision that generates enthusiasm for certain value-
laden ideological goals [20, 97] and serve as role models for the value system [99].
Senior management manifests their commitment by their personal involvement in
activities such as quality planning and performance review, ownership of responsi-
bility for quality performance, and providing support for quality initiatives [10, 27].

Saraph et al. [84] propose a scale for “divisional management leadership and qual-
ity policy” to assess management support for quality. This scale combines senior
management responsibilities and policy issues into one scale, which has been cri-
tiqued in the quality literature [1, 33]. We used only the items pertaining to senior
management responsibilities from this scale and adapted them to the IS context to
develop the scale for the IS Management Support for Quality construct.

Quality Policy and Goals

Policies provide broad guidelines for decision making and a framework for prioritiz-
ing goals. Explicit policies can stress the strategic importance of quality and focus
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Table 1. Summary of Quality Management and Quality Performance Constructs

Saraph et al. [84] Flynn et al. [33] Ahire et al. [1] Our study

Quality management constructs

Top management Top management Top management IS management
leadership and quality support commitment commitment to quality
poficy Quality policy not Not considered Quality policy and

Nature of reward
schemes included
under employee
relations

Training

Product/service
design

Quality data and
reporting

Process
management

Employee relations

Customer involve-
ment not explicitly
considered

Supplier quality
management

explicitly considered

Considered under
top management
support

Included under work-
force management

Product design

Quality information

Process
management

Work-force
management

Customer
involvement

Supplier involvement

Quality performance constructs

Considered under
employee involvement
but dropped from the
validated scale

Employee training

Design quality
management

Internal quality
information usage;
benchmarking

SPC usage

Employee empower-
ment; employee
involvement

Customer focus

Supplier performance

goals

Quality orientation of
reward schemes

Commitment for skill
development

Formalization of
analysis and design;
formalization of
reusability in systems
development

Fact-based manage-
ment

Process control

Empowerment of
programmer/analyst

User participation

Vendor/consultant
participation

Not explicitly
considered

Process quality not
explicitly considered
as a performance
measure

Product quality in

terms of scrap

rate

Process quality not
explicitly considered
as a performance
measure

Product quality

Process quality not
explicitly considered
as a performance
measure

Product quality

Process efficiency
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organizational members’ attention on quality goals. Quality-oriented policies pro-
vide a mechanism to implement the philosophy that quality receives a higher prior-
ity over cost or schedule and that in the long run superior quality leads to improve-
ments in cost and delivery performance [56]. Established quality policies have to be
communicated to organizational members through specific quality goals. Techniques
such as policy deployment have been used by Japanese organizations to translate
quality objectives into a hierarchy of goals [49]. Furthermore, steps must be taken to
ensure that organizational members comprehend quality goals and the means to
achieve these goals.

Saraph et al. [84] enumerated key practices that are useful in identifying whether an
organization has explicit quality policies or not. These include specificity of quality
goals, comprehensiveness of the goal-setting process, importance attached to quality
in relation to other goals, and the extent to which quality goals are reviewed and their
attainment is emphasized. However, they conceptualized these practices as a
subdimension of leadership. This approach fails to make a conceptual distinction
between providing a vision and the mechanisms for translating the vision into ac-
tion—an important distinction made in the leadership literature [97]. We adapted the
policy-related items from Saraph et al. [84] to the systems development context to
develop the scale for the Quality Policy and Goals construct.

Quality Orientation of Reward Schemes

Performance metrics and reward schemes used by an organization reflect issues con-
sidered important by management. Traditionally, rewards for analysts and program-
mers have been based on task efficiency, with measures such as lines of code or
function points produced used to assess their productivity. These measures overlook
process effectiveness. Consequently, rewards based on such measures can hamper
adoption of innovative practices. Thus, changes to reward structures may be neces-
sary to promote quality-oriented behavior among systems development teams [59,
88]. In a case study at Corning Inc., Shrednick et al. [88] found that incentives for
spending within budget, customer satisfaction, process improvement, and cost re-
duction resulted in significant improvements in the quality of services provided by
IS teams. Kane [59] found that Dun and Bradstreet Software incorporated perfor-
mance contingent rewards to drive improvement of their software development pro-
cess. Drawing on the case studies reported in the IS literature and adapting the items
from Flynn et al. {33] to an IS context, we developed a scale for the Quality Orienta-
tion of Reward Schemes construct.

Commitment to Skill Development

Core principles of quality management, such as customer focus and continuous im-
provement, depart significantly from traditional management practices [39, 77]. Qual-
ity-oriented training programs can facilitate organizational members’ understanding
of change initiatives and can influence their attitudes toward change. Some recom-
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mendations have been made about the specific orientation of quality-oriented train-
ing programs. Deming {27] argued that employees should develop a meaningful
understanding of analytical tools and techniques and their applications in the con-
text of quality problems. Training in group dynamics, team building, and problem-
solving skills needs to be incorporated into a holistic training program [33]. In addi-
tion, the IS literature stresses that IS personnel should bave good business skills in
order to be effective in systems development tasks.

Commitment to skill development pertains to the extent to which an IS unit is
interested in developing the capabilities of IS personnel. This is reflected in the
extent to which training is provided to IS personnel on an ongoing basis and in the
extent to which the IS unit is ready to commit resources for skill development. Our
survey of the IS literature revealed that, while much attention has been paid to skill
development of IS personnel, scales to assess the IS unit’s commitment to skill devel-
opment have not been developed. Thus, we adapted the items from Flynn et al. [33]
to the systems development context to propose a scale for the Commitment to Skill
Development construct.

Formalization of Analysis and Design

The manufacturing literature underscores the importance of product design in man-
aging product quality [37, 96]. A large proportion of product failures is due to design
weakness [19], which can be reduced with explicit attention to design quality [37,
96]. Poor understanding of customer requirements is a major source of design prob-
lems [87]. Formal techniques such as concurrent engineering, design for
manufacturability, and quality function deployment have been developed to better
understand customer needs and engineer product quality.

The systems development literature also notes that a significant proportion of
quality problems arise in the initial phases of development, such as requirements
analysis and design [105]. Several formal analysis and design techniques have
been proposed to facilitate effective requirement determination and the transla-
tion of identified user requirements into systems design. Techniques such as
Joint Application Design and prototyping increase communication between users
and developers and compress the analysis-testing cycle. By structuring tasks and
their interrelationships, formal design methods and techniques reduce the complex-
ity of the design process. For example, the rules and procedures specified by design
techniques, such as data modeling, process modeling, and interaction modeling [48],
reduce task complexity by encoding general problem-solving knowledge and heu-
ristics, such as “divide and conquer,” and by providing a framework for the organi-
zation of tasks. The importance of using formal analysis and design techniques to
achieve project objectives is now well documented in the systems development
literature [103], although measurement scales to assess the use of these techniques
have not been developed. Drawing from the prescriptions for effective systems de-
velopment, we developed a scale for the Formalization of Analysis and Design
construct.
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Formalization of Reusability in Systems Development

Systems development has long been treated as a craft, and a job-shop approach to
system construction has been followed. This approach has prevented organizations
from exploiting a strategy commonly used in other engineering processes: the design
and development of interchangeable components [24]. Increasingly, IS units are
realizing that a factory approach focusing on developing reusable components can
increase development quality, decrease cost, and reduce lead time. Field studies
indicate that reusability has enabled Japanese and U.S. firms to achieve significant
improvements in productivity and quality [3, 23, 54, 55, 93]. These studies indicate
that formal policies can promote construction of reusable components and mandate
component usage across projects [24, 60]. These studies also identify specific actions
that can be taken by organizations to formalize reusability. These actions include
recognition of reusability as a corporate objective, institutionalization of corpora-
tion-wide efforts to plan for reuse, and systematic monitoring of reuse within and
across development projects [60].

Cusumano [24] developed an instrument to assess reuse in software development
firms. We synthesized the anecdotal evidence presented in the IS literature with the
scale items from Cusumano [24] to develop a scale for the Formalization of Reusabil-
ity construct.

Fact-Based Management

The objective of fact-based management is to uncover sources of quality problems
and process wastes, and to understand cause-and-effect relationships between
process parameters and process outcomes. Information acquisition through mea-
surement is central to fact-based management. Deming [27] stresses the impor-
tance of extracting the information inherent in process variations through the use of
statistical techniques. Taguchi [95] extended the role of information acquisition in
quality management by suggesting that experiments must be designed to measure
and determine causes of quality problems precisely. The Baldrige Award criteria
explicitly include a category for information management that emphasizes system-
atic collection and analysis of information obtained from internal and external
sources. Close scrutiny of the award criteria suggests that almost all the factors
in the Baldrige framework include collection, synthesis, and dissemination of
information at various levels in the organization. Reimann [78], a Baldrige Award
inspector, points out that “the most common factor among companies scoring
high in the evaluation process is that they had instituted systematic measurement
processes” (p. 63).

Researchers in systems development literature have also emphasized the im-
portance of measurement in process improvement. For example, the Capability
Maturity Model focuses on the relationship between the characteristics of measure-
ment systems and the capability of the development process. The model describes
five levels of maturity with the sophistication of metrics increasing with the level of
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maturity {47]. A carefully conceptualized measurement system serves as a framework
for defining shared goals and relating process level goals with the overall goals of the
IS unit. As part of such a measurement system, metrics should be selected with great
care to ensure consistency between goals and measures. Periodic recalibration of
metrics may be required to ensure their validity over time [100].

Data collected through measurement should be analyzed to learn how quality
objectives can be met and exceeded. At the operational level, data analysis involves
identifying deviations from expected norms and revealing causes for these devia-
tions. At higher levels, data analysis involves detecting and making sense out of
patterns. By adapting the scale items from Saraph et al. [84] to the systems develop-
ment context, we developed a scale for the Fact-Based Management construct that
reflects the collection and use of quality-related information.

Process Control

Performance standards can be used to define targets for improvement [49]. By defini-
tion, continuous improvement requires that performance standards be dynamic and
constantly revised. The plan-do-check-act (PDCA) cycle systematizes the use of
standards for performance control and improvement. The cycle starts with planning
where targets for improvement are set. Existing operational problems, process varia-
tions, or opportunities for performance enhancement form the basis for these plans.
The do and check phases involve plan implementation and performance evaluation.
If satisfactory results are achieved, the new methods or processes are standardized
and routinized. If problems are encountered, the plans are systematically evaluated
based on new insights learned in the do and check phases. This dynamic process is
repeated until satisfactory results are achieved. A major spinoff benefit of this cycle is
the process knowledge that is generated. This process knowledge is sharable across
projects, creating a ripple effect in performance improvement. Consistent with the
continuous improvement literature, we developed a scale that reflects the notion of
Process Control using dynamic performance standards.

Empowerment of Programmer/Analyst

Participation of programmers and system analysts in core development tasks is inher-
ent in their defined organizational roles. However, participation in administrative
and project management tasks depends on the control structure of development
teams. Two typical structures that have been proposed are chief programmer teams
[65] and egoless programming [101]. In the former, the decision-making authority is
centralized with the chief programmer, while in the latter control is diffused through-
out the team. Yourdon [106] argues against centralized control and points out that
one individual would not have the capability to handle the communication and
decision-making complexity involved in any systems development project. While
others have pointed out that decentralized control could lead to schedule and cost
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overruns in projects [15, 65], the positive impacts of analyst and programmer partici-
pation in certain administrative tasks are acknowledged. We conceptualize program-
mer/analyst empowerment as the extent to which they take part in project manage-
ment activities and decisions.

Giving employees more autonomy and control over their work and decisions re-
lated to their work could lead to initiation and persistence of behaviors oriented
toward task accomplishment [20]. Such an empowerment process allows leaders to
set higher performance goals, which are accepted by employees. Empowerment may
also be useful in motivating subordinates to persist despite difficult organizational/
environmental obstacles. Furthermore, deep understanding of work processes em-
bedded among organizational members is an important, often untapped resource for
project management. Such knowledge is tacit, and it is present in the skills and
mental models of people in the organization. Many Japanese organizations success-
fully use empowerment to tap into the tacit knowledge of their employees and put it
to productive use {70].

The information systems literature also discusses the positive effects of programmer/
analyst participation in project management. Cost and schedule adherence was found
to be high in projects where design team members had control over their outputs [43].
The same study also found that restricting managerial control to setting behavior
expectations from the team led to better team performance. Shrednick et al. {88] discuss
how empowerment of IS teams at Corning, Inc. dramatically improved service levels and
user satisfaction and reduced costs. Based on the empirical evidence in the IS literature,
we developed a scale for the Programmer/Analyst Empowerment construct.

User Participation

Researchers and IS professionals agree that systems development efforts are un-
likely to be successful without active user participation in the development process
[51, 57]. User participation can enhance the conformance of system features to their
needs [64]. Factors such as improved user and developer understanding of the sys-
tem, improved assessment of user needs, and user feedback on system features ac-
count for the positive relationship between user participation and system quality
[51, 68].

User participation is usually passive where systems analysts interact with users to
elicit system requirements. Such participation has very limited impact on systems
development quality. On the other hand, users can be part of the IS team and play an
active role in the design process and share responsibilities in systems development.
The nature of participation should be determined by the complementarity between
the knowledge and skills that users and developers can bring to development tasks.
Since active user participation increases the scope for role conflicts between analysts
and users [79, 80], the nature of participation should be matched with task require-
ments. Almost all of the past studies emphasize the importance of user participation
for purposes of requirement analysis and design. Since 72 percent of errors in soft-
ware are attributed to poor specifications and design [105], active user participation
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during the early phases of the development life cycle is critical. Since users are
directly involved in providing inputs to the systems and using system outputs, user
participation in defining the content and format of system inputs and outputs should
be beneficial. User participation in system testing could also be very valuable. Inti-
mate knowledge of the problem domain is required for formulating meaningful test
plans. Not surprisingly, software vendors have been increasingly beta-testing their
products with actual users in their day-to-day work contexts. We used the items from
existing scales in the IS literature [51, 79] to operationalize the User Participation
construct.

Vendor Participation

Participation of suppliers in the core design and production processes is receiving
increasing attention in the quality literature. Such participation promotes the develop-
ment of mutual understanding of design and production constraints (faced by both the
organization and its vendors) in enhancing quality and meeting customer needs. Strat-
egies such as making vendors an integral part of organizational processes, investing in
enhancement of vendors’ quality performance, and building long-term partnerships
are suggested as mechanisms to promote the reliability and quality of parts supplied.
Some empirical evidence also exists to support the position that effective manage-
ment of vendor relationships is critical to improve quality performance [33]. In fact,
one of the key evaluation criteria in the Baldrige Award framework pertains to the
extent to which policies and systems have been instituted to foster active involve-
ment of vendors in organizational processes.

Vendor and consultant participation in systems development is not new among IS
units. However, some organizations are moving away from traditional project-based
contracting to longer-term relationships with external agents, as project-based con-
tracts provide limited incentives for external agents to invest in the organization’s
long-term quality improvement initiatives [63]. Vendor participation can also be
used to lower knowledge barriers associated with the deployment of specific systems
development techniques, technologies, and methodologies [8]. However, it is neces-
sary that vendors/consultants and IS personnel work closely for effective knowledge
transfer to occur. Such close interaction can be achieved only when vendors and/or
consultants form an integral part of the systems delivery process. We developed a
scale for the Vendor Participation construct that reflects the extent to which vendors
are an integral part of the development process and the extent to which long-term
partnerships have been developed with vendors.

Quality Performance

Product Quality

Key system quality dimensions including portability, reliability, efficiency, human
engineering, and maintainability have been identified in the software engineering
literature. A variety of metrics to assess these dimensions of system quality have also

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyypny .



132 T. RAVICHANDRAN AND ARUN RAI

been developed and validated. 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.

A key management objective when dealing with information products, including
software, is to understand the value placed by users on these products [86]. In contrast
to the technical focus of software quality assurance research, customer satisfaction is
an important objective of TQM initiatives. Customers have specific requirements,
and products/services that effectively meet these needs are perceived to be of higher
quality [27, 56]. A similar perspective is evident in the IS management literature as
significant attention has been paid to understanding user requirements and satisfy-
ing them. Significant research attention has been directed at identifying the dimen-
sions of user satisfaction and developing reliable and valid instruments for the
measurement of this construct {9, 36, 52].

User satisfaction is considered a valid measure of systems quality as it reflects
users’ subjective evaluation of the features and functionality of the information sys-
tem [35]. In fact, many scholars argue that, since a system’s prime requirement is to
serve users, their perceptions are a very important measure of system quality [58]. i
Moreover, Shapiro and Varian [86] note that the quality of information-based prod-
ucts, such as software, should be a function of the product’s utility to the users and
that user satisfaction is the only system quality measure that reasonably reflects
users’ utility function regarding a system.

From a user’s perspective, the critical attributes of an information system include:
(1) the usefulness of the functionality of the system, (2) the extent to which the
system provides relevant and timely information, and (3) the extent to which the
system possesses superior engineering-oriented performance characteristics [26, 42].
We developed a scale for the Product Quality construct that reflects these critical
system attributes from the users’ perspective.

Process Efficiency

Process measures of quality are equally important from a customer’s perspective as it
bears a relation to the cost of goods and services and their efficient delivery. Product
quality cannot be thought of apart from product cost [32]. From a customer’s perspec-
tive, availability, price, and convenience are factors that complement product qual-
ity 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 important dimen-
sion of quality performance.

In the IS literature, aspects such as “being on time, within budget and meeting user
needs” [66], and elimination of waste due to rework and errors [30] have been used to
define process efficiency. The underlying theme of these definitions focuses on two
key aspects: (1) effective resource utilization and (2) elimination of non-value-add-
ing activities in the process. These two aspects are reflected in our scale for the
Process Efficiency construct.
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Empirical Study

Survey Instrument Development

A CROSS-SECTIONAL NATIONAL SURVEY WAS CONDUCTED TO COLLECT THE DATA
for the study. Following recommendations for developing survey instruments [71],
we used a seven-point Likert scale to ensure statistical variability among survey
responses for all but one construct, “formalization of reusability in systems develop-
ment.” This construct was measured using a five-point scale, which was adapted from
Cusumano {24]. The survey instrument was pilot-tested with two IS executives, two
software quality consultants, and four IS researchers working in systems develop-
ment. Suggestions made by the respondents were incorporated and a final version of
the instrument was developed.

Sampling and Data Collection

The population of interest is IS units that develop application systems in-house. We
limited our sampling frame to IS organizations in Fortune 1,000 companies and large
government agencies. We followed a systematic approach in constructing the mail-
ing list for the survey. First, the Fortune 1,000 organizations were identified through
a search of the Compustat corporate database. Organizations such as holding compa-
nies, conglomerates, and trusts were dropped from the mailing list. This yielded a set
of 700 organizations. Next, the mailing addresses for these organizations were ob-
tained from the Directory of Top Computer Executives [29]. Organizations not listed
in the directory were dropped, resulting in a set of 605 Fortune 1,000 companies.
Finally, 105 federal and state government agencies were randomly chosen from the
same directory to construct the total sample for the study.

Senior IS executives were chosen as the respondents 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 [29]. Where multiple names were found, the most senior person was
chosen as the respondent. A total of 710 questionnaires were mailed. Four mailings,
each spaced apart by three weeks, were undertaken. One hundred and twenty-three
usable responses were received, resulting in a response rate of 17.32 percent
(Table 2).

The response rate is modest, but close to the minimum recommended level of 20
percent for organizational surveys {40, 107] and similar to those obtained in many IS
surveys [73]. Pinsonneault and Kraemer [75] found that more than two-thirds of IS
surveys at the organizational level had a sample size of smaller than 150 and an
overwhelming majority of IS surveys had a low response rate. The difficulties in
obtaining high response rates for IS surveys could be partly attributed to the sheer
number of surveys targeted at IS managers. Given the challenges associated with
surveying IS managers, the response rate to our survey appears reasonable and can be
interpreted as indicative of the interest in the survey theme among IS managers.
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Table 2. Profile of Respondents by Industry

No. of

Effective no. of responses Response
Industry questionnaires mailed received Rate (%)
Manufacturing 338 64 18.93
Insurance 34 6 17.65
Utilities 34 6 17.65
Transportation 29 6 13.79
Retail 32 5 15.63
Banks 61 8 1311
Financial services 25 5 20.00
Div. services 52 5 9.62
Government 105 18 17.14
Total 710 123 17.32

Nevertheless, it is recommended that all efforts be made to maximize response rates
and reduce the chances of sampling error {107].

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 coffee) to respon-
dents and conducted multiple mailings to improve our response rate (to the current
level of 17.32 percent). Second, we polled nonrespondents to assess the reasons for
nonresponse and to check if factors specific to our study accounted for the modest
response rate. Finally, we systematically checked for nonresponse bias by comparing
respondents with nonrespondents.

A telephone poll of sixty randomly chosen nonrespondents was conducted. A stan-
dard protocol was developed to structure the telephone conversations 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
percent), (2) company policy not to respond to surveys (13.1 percent), (3) length of
the questionnaire (16.6 percent), (4) lack of interest in the survey theme (8.3 percent),
and (5) lack of time due to other commitments (such as organizational restructuring)
(8.3 percent). 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 per-
cent) of the surveyed population from participating. Furthermore, 38 percent of these
sixty nonrespondents polled indicated that they had not adopted TQM practices in
their IS units. While we polled only sixty nonrespondents, it appears that nonadopters
of TQM may have been more likely not to respond to our questionnaire, raising some
cautionary implications for the external validity of our findings.

Proportionate classification of respondents and nonrespondents was compared on
key organizational characteristics such as industry (SIC codes), organization size,
and annual revenue. The chi-square analysis provided evidence of the absence of
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response bias. Table 2 indicates that the response rate did not vary much across
industry segments, providing further evidence of the absence of response bias. In
addition to comparing respondents and nonrespondents, comparison of early and
late respondents is recommended. The respondents were split into three equal groups
based on their response date. One-way ANOVA was used to test for differences be-
tween the first (early respondents) and the third (late respondents) groups on a variety
of demographic variables, such as industry, organization size, ISD size, and time
since adoption of quality management practices. No significant differences were
detected between the groups, suggesting that the respondents can be pooled with no
loss in generalizability.

The firms that responded represent a broad cross-section in terms of industry, orga-
nization size, and ISD size: 52.03 percent of the respondents were manufacturing
firms, 33.33 percent were service organizations, and 14.64 percent were government
agencies; 21.7 percent of the firms had 500 or fewer employees, 32.5 percent had
between 500 and 5,000 employees, 40 percent had more than 5,000 employees (me-
dian 3,900 employees); and 25 percent of the firms had 50 or fewer employees in their
information systems units, 15 percent had between 50 and 100 employees, 20 percent
had between 100 and 200 employees, and 40 percent had more than 200 employees
(median 137 employees). The respondents were senior IS executives (director of
MIS, 62.4 percent; CIO, 21.3 percent; vice president, MIS, 12.4 percent), and 82
percent of them were within two levels from the CEO in the organizational
hierarchy.

Confirmatory Factor Analysis

We used confirmatory factor analysis, as implemented within the LISREL framework
[53], to validate the eleven quality management and two quality performance con-
structs. This allowed us to specify a measurement model! consisting of a construct
defined according to the weighted linear combination of its indicators, and to assess
the fit of the specified measurement model to the data. Such a specification sub-
scribes to a causal-indicator model where the observed indicators reflect the unob-
served theoretical construct. Typically, a causal-indicator model is specified and
analyzed for each theoretical construct individually 1, 98]. We followed these guide-
lines for all constructs with four or more indicators. Constructs with fewer indicators
were pooled and analyzed in order to provide adequate degrees of freedom for esti-
mation of model parameters. In our study, three constructs (IS commitment to quality,
empowerment 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 the guidelines for scale validation [4, 14, 18], a series of analyses was
done to assess unidimensionality, reliability, convergent validity, discriminant va-
lidity of the quality management and quality performance constructs, and the crite-
rion-related validity of the quality management constructs.
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Table 3. Assessment of Unidimensionality, Reliability and
Convergent Validity

tinidimen. Reliability
sionality Convergent
Goodness validity
of fit  Cronbach’s WertsLinn  Bentler
Construct No. ofitems  index [GFI] o Jorsekog p,  Bonnet A
1.1S management
commitment to quality 3 0.94 0.79 0.80 0.92
2. Quality policy and goals 5 0.96 0.84 0.85 0.95
3. Commitment to skill
development E 0.99 0.70 0.71 0.98
4. Quality orientation of
reward schemes 4 0.97 0.68 0.79 0.91
5. Formalization of reusability
in systems development 4 0.99 0.85 0.86 0.99
6. Formalization of
analysis/design 4 0.95 0.77 0.78 0.90
7.Fact-based management 8 0.93 0.87 0.87 0.92
8. Process control 5 0.92 0.95 0.95 0.96
9. User participation 3f 0.94 0.78 0.86 0.92
10. Programmer/
analyst empowerment 3t 0.94 0.65 0.67 0.92
11.Vendor/
consultant participation 21 0.94 0.71 047 0.92
12. Product quality 4 0.90 0.82 0.83 0.87
13. Process efficiency 4 0.96 0.78 0.79 0.95

* A combined model was run for these four constructs.

Unidimensionality

Unidimensionality is a necessary prerequisite for reliability and validity analyses
[71]. A construct is unidimensional if its constituent items represent one underlying
trait. In confirmatory factor analysis, specifying a measurement model that defines
the relationship between each construct and its constituent items tests unidimension-
ality. A good fit of the measurement model to the data indicates that, as hypothesized,
all items load significantly on one underlying latent variable. The fit of the measure-
ment model is indicated by the goodness of fit index. The GFI indices for all thirteen
constructs are higher than the recommended level of 0.90 (Table 3). These results
suggest that all thirteen scales are unidimensional.

Reliability

Reliability can be defined as the degree to which measures are free from error and,
therefore, yield consistent results. Operationally, reliability is defined as the internal
consistency of a scale, which assesses the degree to which the items are homoge-
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neous. Cronbach’s alpha is a widely used measure of internal consistency [21, 71]. A
scale is considered reliable if the alpha coefficient is greater than 0.70. The compos-
ite reliability measure proposed by Werts, Linn, and Joreskog [53], which is an alter-
nate conceptualization of reliability, represents the proportion of measure variance
attributable to the underlying trait. The Werts, Linn, and Joreskdg p, represents the
ratio of trait variance to the sum of trait and error variance. Scales with p_greater than
50 percent are considered to be reliable.

Both tests were used to assess the reliability of the thirteen scales. Table 3 indicates
that the p_values are well above the threshold of 0.5 for all scales. The Cronbach’s
alpha values were also found to be greater than 0.70 for all but two scales (quality
orientation of reward schemes and programmer/analyst empowerment). We did not
refine these two scales further for three reasons. First, the alpha values for both scales
were close to the cutoff value of 0.70 (0.68 and 0.65) and greater than the minimum
recommended (0.60) for newly developed scales [71]. Second, the p, values for both
scales were greater than 0.50. Third, dropping items would yield scales that may not
adequately sample the domain of the constructs. We do recommend that the opera-
tional measures of these two constructs be carefully examined before future studies
use them.

Convergent Validity

Convergent validity is the extent to which varying approaches to construct measure-
ment yield the same results. A commonly used method to assess convergent validity
is to view each item in a scale as a different approach to measure the construct [1].
Convergent validity is then checked using the Bentler-Bonnet coefficient (4). The
Bentler-Bonnet coefficient represents the ratio of the chi-square value of the speci-
fied measurement model to that of a null model, which has no hypothesized item
loadings on a construct. Scales with A values of 0.90 or above demonstrate strong
convergent validity. The Bentler-Bonnet coefficients for all the thirteen scales are
given in Table 3. Except for product quality, the Avalues are greater than 0.90 for all
scales. Although the Avalue for product quality (0.87) is lesser than 0.90, it is close to
the threshold value.

Discriminant Validity

Discriminant validity refers to the degree to which measures of different constructs
are unique from each other. This is achieved when measures of each dimension con-
verge on their corresponding true scores and do not converge on true scores of other
constructs. The following procedure is followed for assessing discriminant validity:
Confirmatory factor analysis is run on pairs of scales, allowing for correlation be-
tween the constructs. Next, the procedure is repeated with the correlation between the
two constructs 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 constructs are distinct [1, 98].
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Discriminant validity checks were run for all pairs of the eleven quality manage-
ment constructs and the two quality performance constructs. This resulted in a total
of fifty-six tests.? The chi-square difference test was found significant (p < 0.001) for
all fifty-six tests, indicating discriminant validity among the eleven quality manage-
ment scales and the two quality performance scales.

Criterion-Related Validity

Criterion-related validity refers to the extent to which constructs predict theo-
retically related outcome variables. Specifically, criterion-related validity per-
tains to the extent to which the quality management constructs are related to mea-
sures of quality performance. This is an important component of construct assess-
ment because it moves the logic of assessment from the “statistical domain of
intercorrelations among the multiple indicators underlying a trait to the substantive
domain focusing on relationships that are best interpreted in the light of theory”
[98, p. 954].

We examined the relationship between each quality management construct and
quality performance. In addition to the quality performance measures developed
here (product quality and process efficiency), we also used a measure of software
process maturity in assessing the criterion-related validity of the quality manage-
ment constructs. Software process maturity reflects the extent to which systems de-
velopment process parameters are optimized to enhance process effectiveness and
the extent to which the process is in control. The Software Engineering Institute’s
Capability Maturity Model [47] depicts five levels of software process maturity ranging
from “initial” (an ad hoc and chaotic systems development process) to “optimized” (a
systems development process under control and continuously improved through mea-
surement and feedback). Theoretical support for including process maturity as a dimen-
sion of quality performance can be found in the well-accepted notion that a capable
process is a necessary prerequisite for delivering quality products and services [27, 50,
87]. We used an unidimensional response matrix enumerating the five maturity levels
along with their descriptions to measure process maturity (see the appendix for the
response matrix). The descriptions of the maturity levels were borrowed directly from
those given in the Capability Maturity Model [47].

Table 4 summarizes the eleven tests carried out to relate each quality management
construct with product quality, process efficiency, and process maturity. All thirty-
three relationships were in the expected direction; twenty-eight of these relation-
ships 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 to
product quality and process efficiency, and user participation was not significantly
related to process maturity. However, the associations were in the expected directions
providing some evidence of the criterion-related validity of these three constructs.
Furthermore, each of these three constructs was significantly related to one or two of
the three criterion-related measures considered.
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Table 4. Assessment of Criterion-Related Validity

Quality performance

Product Process Process
quality maturity maturity
Construct Y t-value Y t-value Y t-value

1. 1S management

commitment to quality 0.201 10.911"  0.240 20.402° 0.951 20.232
2. Quality policyand goals  0.255 20.432 0.170 10.689" 0974  30.220°
3. Commitment to skill

development 0.218 20.037 0.232 20.278 0.0956 20.318
4. Quality orientation of
reward schemes 0.466 40.097 0.394 30.650° 0.0.991 50.443

5. Formalization of
reusability in systems

development 0.140 10.354 0.071 00.721 0.985 40.411°
6. Formalization of

analysis/design 0.279 20.532° 0.204 10.938" 0.0.984 30.922
7.Fact-based

management 0.463 40.475 0.312 30.193° 0.980 30.697
8. Process control 0.434 40.355 Q217 20.266° 0.975 30.428
9. User patrticipation 0.346 30.395 0.127 10.290 0.695 00.717
10. Programmer/analyst

empowerment 0.580 50.127° 0.414 30.880° 0.992 50.545
11.Vendor/consultant

participation 0.107 10.076 0.089 00.886 0.961 20.309

‘p<0.01; " p<0.05.
vy represents the path coefficient in the structural model.

Relationships Among the Constructs

Systemic Pattern of Association Among the TQM Constructs

WHAT ARE THE PATTERNS OF ASSOCIATION OF THE QUALITY MANAGEMENT prac-
tices among themselves and with quality performance? Are IS organizations achiev-
ing high levels of quality performance by implementing a small subset of these
eleven practices? Or do these eleven practices represent an overall system of quality
management that needs to be put into place? We used cluster analysis to answer these
questions. This involved deriving distinct and meaningful clusters of the eleven
quality management practices and examining the levels of the three quality perfor-
mance measures associated with each of these clusters.

The IS organizations represented in our database were cluster-analyzed over the
eleven quality management practices using a nonhierarchical procedure. The mean
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Table 5. Clustering IS Units on TQM Practices

Quality management/quality performance

Cluster 1 Cluster 2 Cluster 3 1-2 1-3 2-3
(n=47) (n=4T) (n=25) D p )4

Quality management practices

IS management

commitment to quality 5.92 6.20 3.91 ns 0.000 0.000
Quality policyand goals  4.60 5.21 2.98 0.000 0.0023 0.000
Quality orientation

of rewards 3.12 4.41 2.75 0.000 ns 0.000
IS commitment to skill

development 4.50 5.61 3.80 0.000 0.008 0.000
Formalization of design

methods 4.10 5.63 4.08 0.000 ns 0.000
Formalization of

reusability 2.78 4,06 2.52 0.000 ns 0.000
Fact-based management 3.73 4.70 2.66 0.000 0.000 0.000
Process control 422 5.26 2.70 0.000 0.000 0.000
Programmer/analyst

empowerment 5.00 B5.75 4.79 0.000 ns 0.000
User participation 5.45 6.29 5.44 0.000 ns 0.001
Vendor participation 4.87 5.50 3.82 0.006 0.004 0.000

Quality performance

Process maturity 3.87 4.59 3.64 0.003 ns 0.001
Process efficiency 3.66 4.37 3.25 0.007 ns 0.000
Product quality 5.00 5.54 4.72 0012 ns 0.007

values for each of the quality performance measures were computed for each of the
clusters. Statistical significance of the differences between the mean values of each of
the quality management constructs and quality performance measures across the
three clusters were examined using ¢-tests.

As shown in Table 5, the analysis yielded three clusters. Cluster 2 comprises mainly
manufacturing firms with relatively high TQM experience and quality performance.
Clusters 1 and 3 comprise firms with relatively low TQM experience and success. Of
these, cluster 3 consists primarily of service organizations, while cluster 1 consists of
manufacturing organizations.

An examination of the mean values of each of the clusters reveals some interesting
patterns. Cluster 2 has the highest mean values for all quality management factors.
This cluster also has the highest mean values for all three quality performance mea-
sures. Cluster 1 has the second highest set of values for all quality management
practices. This cluster also has the second highest set of mean values for the three
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quality performance measures. Finally, cluster 3 has the lowest set of values for all
quality management practices and for the three quality performance measures.

For each of the eleven TQM practices and for the three quality performance vari-
ables, we assessed the significance level of the differences in mean values between
the extracted clusters. In all, forty-two tests were conducted to evaluate if, in fact, the
mean values for the variables significantly differed between clusters. The risk of
inflating the probability of a Type 1 error due to multiple testing, such as we are
doing here, requires the use of more stringent alpha levels [94]. Accordingly, we
established an overall probability of a Type 1 error for our tests at an alpha level of
0.05, and, consequently, examined each of the forty-two tests at a level of signifi-
cance of 0.05/42, which is an alpha level of 0.0011. Even at this very low level of
significance, all eleven TQM factors are observed to differ between the low-quality
cluster (cluster 3) and the high-quality cluster (cluster 2). Furthermore, the mean values
for process maturity and process efficiency also differ at this level of significance, while
differences in mean values for product quality approach this level of significance
with a p value of 0.007. Tabachnik and Fidell [94] note that in multiple testing
situations a higher alpha can be established for variables considered especially. im-
portant, as is the case with product quality. We can therefore conclude with a very
high degree of confidence that low- and high-quality performers differ with respect to
the identified TQM practices. It is clear from our results that organizations with high
levels of quality performance were found to have higher levels for all quality man-
agement constructs in comparison with organizations with lower levels of quality
performance. Our results are consistent with conclusions reached by scholars in op-
erations management and strategic management that TQM is an integrated strategy
for organizational performance improvement that is supported by a coherent set of
mutually reinforcing practices {25, 90].

Relative Importance of TQM Practices

What is the relative importance of these TQM practices in enabling a transition to
high-quality-performing IS organizations in terms of systems development? To answer
this question, we rank-ordered the eleven TQM factors based on the effect size, as
measured by the z-statistic, associated with mean differences between the low-qual-
ity-performing (cluster 3) and high-quality-performing (cluster 2) groups. Our results
are summarized in Table 6. Several interesting insights emerge from the rank-order-
ing of the TQM factors.

Leadership, as assessed by IS management commitment to quality, ranks on top of
the list as a differentiating factor between the low and high quality performance 1S
organizations. IS units that have high-quality performance appear to have a senior IS
management that is committed to quality improvement. On the other hand, IS units
with low-quality performance may be continuing to frame quality as a technical
issue, and relegating quality management to lower levels within the 1S organization,
such as programmers/analysts or project managers. This observation is consistent
with empirical findings that, in successful IS organizations, senior IS managers envi-
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Table 6. Relative Importance of the Quality Management Practices in
Discriminating Between Low-Quality-Performing and High-Quality-Performing
IS Units

Difference between

Quality management and quality cluster 2 and
performance constructs cluster 3 (t-values)
IS management commitment to quality 11.399
Fact-based management 10.109
Process control 9.524
Quality policy and goals 9.192

IS commitment to skill development 8.693
Quality orientation of rewards 7.620
Formalization of reusability 7171
Formalization of design methods 5.892
Vendor participation 5.807
Programmer/analyst empowerment 4.457
User participation 4.148
Quality performance

Product quality 3.740
Process maturity 3.489
Process efficiency 3.114

sion and create superior organizational systems to manage core IS processes such as
systems development [31, 81].

The next two variables in terms of their rank order represent themes of learning and
continuous improvement. Improved quality performance indicates a state where a
fundamental understanding of the causes of poor quality exists and that these causes
are being eliminated much in the vein of continuous improvement. Development of
such an understanding requires both first-order and second-order learning [7]. Process
control through performance standards promotes first-order learning, as it encourages
sustained attempts to maintain or exceed desired performance goals. These perfor-
mance goals could include cost, quality, delivery, and productivity standards to be
maintained by development teams. The resultant task knowledge facilitates achieve-
ment of quality goals within the constraints of a defined development process. On
the other hand, second-order learning is required to rethink the development pro-
cess. The systematic collection and use of quality data as well as the sharing of
knowledge among analysts, users, and vendors/consultants facilitate identification
of fundamental causes of quality problems and promote a deeper understanding of
the process drivers of quality. A deeper understanding of the process drivers of
quality is useful in sustaining quality improvements through fundamental changes
to the development process. Thus, it can be expected that IS units exhibiting higher-
quality performance will have effectively institutionalized practices such as fact-
based management and process control.

The next three variables, as assessed by their ranks, represent what we call manage-
ment infrastructure practices. Quality policy and goals, quality orientation of re-
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wards, and IS commitment to skill development collectively establish the manage-
ment context within which development processes are defined and improved. A clear
statement of goals, aligning reward schemes with cooperative group work, and pro-
viding requisite skill sets to employees to operate in a TQM environment define a
sophisticated management infrastructure. Such an infrastructure should ideally pro-
mote the conduct of day-to-day development processes and build motivation and
commitment among people closest to the everyday activities of systems develop-
ment. In fact, empirical studies have found that improvements to the development
process through software process innovations are more likely to be successful if an
enabling management context is first created [3, 60].

Formalization of reusability and design methods rank after the management infra-
structure variables. Participation by vendors, programmer/analyst empowerment, and
user participation rank last in terms of variables that differentiate low- and high-
quality performers. This is not to say that these five variables are not important, but
that in comparison with the other variables examined here, they seem to be practiced
relatively more uniformly across IS organizations today. Among these variables,
reusability is diffused to a lesser extent than the other practices, as is evident from its
low mean values among all three clusters.

The relative rank order of the TQM practices reveals an interesting pattern. The IS
literature emphasizes the formalization of design methods and how these interven-
tions can enhance systems development performance. Similarly, since the early 1980s,
the IS literature has advocated the importance of user participation and examined the
benefits of empowered structures, such as when programmer/analysts are operating in
“egoless” teams. It appears that these practices have diffused significantly through
the population of IS organizations we surveyed. Our analyses also revealed that these
practices were positively associated with quality performance indicating that these
practices may be necessary for the success of systems development efforts. However,
they clearly are not a basis for defining a TQM-based IS organization. Our rankings of
TQM practices suggest that leadership for quality is critical, as are the mechanisms
for learning and continuous improvement. Furthermore, management infrastructure
practices set the context for technical interventions at the process level as well as
day-to-day development activities.

Discussion

IN THIS STUDY, THE QUALITY AND SYSTEMS DEVELOPMENT LITERATURES were
synthesized to identify and define eleven quality management constructs and two
quality performance constructs. Scales were developed for all thirteen constructs.
Confirmatory factor analysis was used to validate the scales. The results can be
interpreted as providing support for the reliability and validity of all thirteen scales.

It must be noted that developing valid scales transcends a single study. Researchers
are encouraged to question the conceptual and operational definition of the con-
structs proposed here and to examine the validity and reliability of these constructs
using different data. It must also be noted that constructs such as user participation
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are not new to IS researchers. Valid scales for user participation have been developed,
and the relationship between this construct and systems development performance
has been examined in a variety of research contexts. Similarly, themes underlying
formalization of analysis and design and empowerment of programmer/analysts have
been examined in the IS literature. However, these constructs have not been collec-
tively conceptualized in terms of their possible implications for system development
quality. By identifying and defining a comprehensive set of interrelated TQM con-
structs, this study permits future researchers to use common definitions and assump-
tions to study the relationships between quality management and quality perfor-
mance. Furthermore, this study extends IS research on systems quality management
by synthesizing concepts well established in the IS literature with new ones bor-
rowed from TQM theory.

Implications for Research: Directions for Theory Building

The constructs developed here provide the building blocks for a theory of quality
management in systems development. One has to be cautious, however, before pro-
ceeding to hypothesize relationships between the TQM constructs. Premature formu-
lation and testing of hypotheses could lead to erroneous conclusions if any moderat-
ing, mediating, or second-order relationships were present among the quality man-
agement constructs. In the context of developing a TQM theory, Anderson et al. [5]
evaluated higher-order constructs and then proceeded to examine their interrelation-
ships. Similarly, future research can examine second-order constructs that can be
established from the first-order quality management constructs and then interrelate
these higher-order quality management constructs into an integrative framework for
systems quality improvement.

We propose that leadership for IS quality, management infrastructure sophistica-
tion, development process management efficacy, and stakeholder participation in
the development process are second-order factors that are defined by the first-order
factors identified earlier. An inspection of the correlations in Table 7 provides some
preliminary support for the existence of these second-order factors. IS management
commitment to quality can be considered an important reflector of quality-oriented
leadership. The high correlations of quality policy with quality-oriented rewards (0.38)
and commitment to skill development (0.52) suggest that these three constructs are
formative indicators of a quality-oriented management infrastructure. Organizations
that have adopted these practices can be characterized as having a sophisticated
management infrastructure and hence would be better prepared to redesign, formal-
ize, and manage the systems development process. Conversely, organizations that
have not adopted these practices have a less sophisticated management infrastruc-
ture and hence lack the infrastructure context to implement process-level changes to
achieve quality outcomes. Similarly, the correlations between formalization of reus-
ability, formalization of design methods (0.40), fact-based management (0.44), and
process control (0.37) support the notion that these first-order constructs are forma-
tive indicators of process management efficacy. These practices are integral to pro-
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cess management and, as they are implemented, their effects can be traced in the
extent to which the systems development process emphasizes efficiency, control, and
adaptation, which are important prerequisites for the development of quality systems
[47]. Finally, the correlations between employee empowerment, user participation
(0.46) and vendor participation (0.29) suggest that these three constructs are forma-
tive indicators of stakeholder participation.

How do the higher-order constructs theoretically affect quality performance? We
suggest one possible theoretical framework for investigating the relationships among
the higher-order quality management constructs. Senior IS management leadership
acts as a driver for quality management; its commitment must be translated into
strategies for developing an organizational system for quality. This involves creating
a quality-oriented management infrastructure, implementing process management
practices, and motivating key stakeholders to engage in quality-oriented behavior.
Elements of management infrastructure facilitate implementation of process-level
changes, which include formalization of the systems development process and manag-
ing the process through systematic information collection and use. Furthermore, a
quality-oriented infrastructure should foster active participation of key stakeholders,
such as programmers/analysts, users, and vendors in systems development. Stake-
holder participation is required to identify and eliminate sources of quality problems
and thereby improve systems quality. Together with stakeholder participation, pro-
cess management practices result in a mature systems development process and con-
tinuous improvement of product quality and process efficiency.

We do not claim, nor is it the intent of this paper to prescribe a specific theory of
systems development quality management. However, the above framework repre-
sents one of the many possible theoretical perspectives that need to be developed
into a theoretical model and tested in future research. This framework should be
compared with other potentially competing theoretical perspectives. As a continua-
tion of our research in this area, we are in the process of drawing upon appropriate
theoretical perspectives, including the one briefly sketched out here, to develop and test
alternative theoretical models for the management of systems development quality.

Implications for Practice

Our findings have several implications for IS managers. We found a systemic pattern
of association among the quality management constructs, suggesting that all iden-
tified factors are important in improving quality performance. Thus, a coherent,
integrated strategy encompassing adoption of all identified dimensions of quality
management is required, as opposed to the implementation of one tool or manage-
ment practice. IS units embarking on a TQM program should carefully examine their
infrastructures to assess whether the explicit and implicit policies in the organiza-
tion, reward systems, and skill development programs enable or constrain the design
of effective processes or the extraction of the best from people involved in day-to-
day development. Attempting to implement process-level changes by formalizing
design methods and reusability is important, but inadequate in the absence of an
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overall organizational context, in establishing a high-quality IS development orga-
nization. Desirable stakeholder behaviors, such as user participation, and their out-
come-related consequences are better understood today. These behaviors are likely
to be promoted by the organizational context, but are unlikely to be very effective if
other organizational variables, such as leadership and management infrastructure,
are not aligned to support high-quality performance. Thus, IS managers are well
advised to frame quality improvement as an organizational change program and to
direct attention at managing the transition to a TQM environment.

Limitations

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 mea-
sures represent the perceptions of IS executives who most likely are responsible for
championing TQM and sanctioning resources for the TQM initiatives. Their percep-
tions of product quality and process efficiency will therefore be an important factor
that influences TQM adoption and implementation.

Our measures of quality performance are based on responses of IS managers and
represent perceptions of IS managers in the aggregate about product quality, process
maturity, and process efficiency. We compared the self-reported process maturity
levels with the results of diagnostic surveys conducted by SEI. The distribution of
the self-reported maturity levels across organizations matched very closely with
those published by SEIL. This provides some confidence that the self-reported quality
performance measures are reasonable estimates of quality performance. Nevertheless,
we suggest that future researchers consider two alternatives in assessing quality per-
formance. First, objective quality measures could be used in addition to the per-
ceived measures used here. Second, quality performance can be assessed by surveying
end users instead of IS managers.

We used a two-item scale to measure vendor participation. This scale may not have
adequately covered the domain of this construct. We recommend that future research
should further develop the vendor participation construct with a focus on lowering
technical knowledge barriers associated with new development tools and methods,
and the integration of technical knowledge embodied in these tools with the systems
of organizations adopting these tools.

Conclusions

LLACK OF ESTABLISHED THEORIES ON SYSTEMS QUALITY MANAGEMENT motivated
us to undertake this study. In the light of increasing pressures on IS managers to
improve systems quality and the growing importance of quality management within
the IS function, this study is both timely and significant. Because it is a scale
development endeavor, it should be considered as setting the stage for further work
in this domain. While many IS researchers have called for adopting a sociotechnical
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perspective in systems development research, systems quality management has largely
been studied from a technical perspective. This study is one of the early attempts to
identify and define sociobehavioral and organizational factors that should be con-
sidered by IS researchers. It provides evidence that systems quality performance
cannot be improved by piecemeal adoption of quality management practices and
stresses the need for a coherent strategy of implementing an organizational system
for quality improvement.

Many IS units might have effectively implemented selected practices, such as user
participation and formalization of design methods, and may still be facing develop-
ment quality problems. The growing interest in software process improvement sug-
gests that process management practices are increasingly being adopted by IS units.
Our analysis revealed that while these practices are important for improving systems
quality performance, they are unlikely to be very effective in the absence of other
identified TQM practices. In fact, we believe that the difficulties encountered by
organizations in implementing CMM-based process improvements can be partly
attributed to the limited attention paid in the CMM model to the organizational
drivers of quality including the management infrastructure of IS units and IS manage-
ment leadership. Thus, IS units are well advised to adopt an integrated strategy
encompassing adoption of all identified dimensions of TQM, as opposed to the
implementation of one tool or management practice.

NoOTES
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1. 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. Measurement
models with three indicator variables are just identified with one degree of freedom and will yield
a perfect fit. Models with fewer indicators are underidentified and will always yield incorrect
loadings. One approach to overcome both these problems is to pool the indicators for underidentified
and just identified constructs and specify a combined measurement model.

2. Number of paired tests = N,C_+ N,C =(N !/ [(N-m)! * m!]} + {N,/ [(N=m)! * m!}}

=11Y[ 91 * 211+ 21/ [0! * 21] = 56 tests.
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ArpenpIX: 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 reusabil-
ity in systems development) solicit responses on a five-point scale with I =none, 2 = low,
3 = moderate, 4 = high and 5 = very high. During data analysis this scale was normal-
ized to a seven-point scale to maintain a 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 Commitment to Quality

IS chief executive assumes responsibility for quality performance.
IS chief executive is evaluated for quality performance.
IS chief executive supports quality improvement processes.

2. Quality Policy and Goals

IS management has clear quality objectives.

Quality goals within IS are very specific.

There is a comprehensive IS quality plan.

Quality goals and policy are understood within the department.

Significant importance is attached to quality in relation to cost and
schedule objectives.
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3. Quality Orientation of Reward Schemes

Development cycle time, cost and productivity are used as the basis for
rewards for IS personnel.

User satisfaction is an important factor in determining rewards for IS personnel.

Quality measures like error rate and scrap rate are used as the basis for
rewards for IS personnel.

Incentives are used to promote reusability.
4. Commitment to Skill Development

Regular training in quality management tools and techniques is given to IS
personnel.

Team building and group dynamics training are given to IS personnel.
Business skills training is given to IS personnel.

Resources are made available for training IS personnel.

5. Formalization of Analysis and Design

Formal techniques such as JAD and prototyping are regularly used for
requirement elicitation.

Idea generation techniques such as brain storming are used in system
design.

Formal techniques such as quality function deployment are used to translate
user requirements into design.

Standard representation schemes such as ER diagrams and DFD are used for
design specifications.

6. Formalization of Reusability in Systems Development

Extent to which formal policies to promote development of reusable design/
code are implemented.

Extent to which formal policies that mandate use of reusable components
are implemented.

Extent to which reuse of code/design components is monitored.

Extent to which formal policies on parameterization of design/code are
implemented.

7. Fact-Based Management
Quality data are collected and reported at frequent intervals.
Vendors/consultants are pressed to furnish quality data.

Performance levels are benchmarked with those of other firms.
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10.

11.

12.

13.

Quality problems are analyzed to identify problem causes.

Quality data are systematically used in managing systems development.
Cost of quality is analyzed.

Metrics are recaliberated to reflect changes in the development process.

Best practices are systematically institutionalized.

. Process Control

Performance standards have been established for design.
Performance standards have been established for programming.
Performance standards have been established for testing.
Performance standards are used to monitor and control output.

Performance standards are revised annually/regularly.

. User Participation

Users actively participate in determining system requirements.
Users actively participate in identifying input/output needs.

Users actively participate in developing test plans.

Vendor Participation

Long-term partnerships have been established with key vendors/
consultants.

Vendors/consultant form an integral part of the systems delivery process.

Programmer/Analyst Empowerment

Teamn members participate in project planning.

Team members participate in decisions regarding resource allocation
to projects.

Project schedules are determined in consultation with team members.
Product Quality

Users perceive that the system meets intended functional requirements.
The information provided by the systems meets user expectations.

Systems meet user expectations with respect to response time, flexibility
and ease of use.

Users are satisfied with the overall quality of the systems.

Process Efficiency (items for this scale are reverse-coded)

Projects usually overrun budgeted costs.

S
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Schedule overruns are common in most projects.
Backlog of development work is high.

Fixing bugs and other types of rework account for a significant proportion
of systems development effort.

Process Maturity

Which of the following best describes the systems development process in
your organization (check one).

Primitive: No formalized procedures or project plans exists. Very poor
understanding exists of key process issues.

Repeatable: Can repeat tasks mastered in previous projects. Process
dependent on accumulated experience of individuals. New tools and
methods cannot be incorporated without risk, due to lack of a process
framework.

Defined: The process is established and well understood. The process works
in most normal and crisis situations. Sufficient data about process is not
collected to analyze process efficiency.

Managed: The process is measured and controlled, metrics are meaningful
and well defined. Systematic record of process performance measures is
maintained.

Optimized: Systematic process improvement is done. Process performance is
regularly monitored and used as a basis for improvement.
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