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 Abstract

 This study addresses the broad research issue
 of how software firms can manage their soft-
 ware development efforts in order to compete
 effectively under intensified competition.

 'Lynda Applegate was the accepting senior editor for this
 paper.

 Based on recent research in manufacturing
 strategy and software process engineering, a
 research model and six hypotheses were
 derived. Reusability and customizability were
 expected to positively affect process flexibility
 and predictability. In turn, these perceived
 process performance dimensions were expect-
 ed to positively influence perceived competi-
 tive performance, assessed in terms of market
 responsiveness and product cost efficiency.

 Using a survey design, responses were
 obtained from a random sample of 100 soft-
 ware firms. Two kinds of respondents were
 used: the senior manager in charge of soft-
 ware development (58% response rate) and
 the marketing manager (36% response rate).
 The model and hypotheses were assessed
 using EQS, a structural equations modeling
 package that can be used for path analysis.
 The results from both the marketing manager
 and development manager responses sug-
 gested that process flexibility was an important
 determinant of perceived competitive perfor-
 mance. However, process predictability was
 an important determinant of perceived compet-
 itive performance in the development manag-
 er, but not the marketing manager, responses.
 Finally, while customizability had a significant
 positive effect on the perceived process perfor-
 mance dimensions, reusability did not. The
 research model is a potentially useful contribu-
 tion to an important new area of MIS research
 concerning the performance of software firms,
 which draws from manufacturing strategy and
 software process engineering.

 Keywords: Software process management,
 customizability, reusability, process pre-
 dictability, process flexibility, perceived
 competitive performance

 ISRL Categories: AF0405, EE03, EL03, FC15

 Motivation

 How can software firms manage their software
 development efforts in order to compete effec-
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 tively in today's dynamic and uncertain envi-
 ronment? It is important to consider this broad
 research issue for several reasons. First, the

 U.S. software industry is significant in its own
 right, employing almost two million workers
 and with sales of software estimated at almost

 $103 billion in 1996 (Carricaburu 1997). As a
 symbol of the Information Age, perhaps even
 its first true business activity, the software
 industry holds a special fascination with the
 public.

 Second, the software industry has an impor-
 tant influence on the economy:

 As the twentieth century draws to a close,
 software is a driving force in the operations of
 businesses, governments, and the military.
 Most businesses in the industrialized world

 could not compete, and many could not even
 survive, without computers and software
 (Jones 1994, p. 17).

 Recent research suggests that information
 technology investments have resulted in sub-
 stantial productivity gains for business firms.
 Consequently, improvements in the software
 industry's development efforts are bound to
 impact the economic efficiency of these busi-
 nesses and therefore of the economy as a
 whole. Finally, many software firms confront
 the need to respond quickly to market changes
 through reduced time-to-market of software.
 Such pressures, and opportunities for quick-
 responding firms, are similar to those facing
 firms in many other industries where competi-
 tion, market demands, and technological
 changes have intensified in recent years.
 Consequently, lessons learned from the soft-
 ware industry about how to produce software
 to increase market responsiveness can also
 be useful for other industries facing similar
 market pressures.

 In practice, a variety of means can be used to
 improve the performance of a software firm,
 including new technologies such as object-ori-
 ented computing, methodologies such as the
 spiral model for managing software develop-
 ment projects, and approaches that consider
 the underlying process used across projects.
 While each of these means is important, this
 study focuses particularly on the latter

 because of the considerable attention that

 process-based approaches have received
 recently in industry and academia. Important
 examples of such approaches include the
 capability maturity model (CMM) of the
 Software Engineering Institute (Humphrey
 1989) and the software factory approach used
 mostly by Japanese firms (Cusumano 1991).
 The software development process refers to
 the set of tools, methods and practices used to
 produce software products (Humphrey 1989,
 p. 3). Based on prior research in software
 process engineering, two key objectives of
 process-based approaches were identified:
 reusability and customizability. The former
 refers to the extent to which the outputs of a
 software development project can be reused
 for other projects. The latter refers to the
 extent to which a software development
 approach can be tailored to the needs of indi-
 vidual projects. The purpose of this study is to
 identify how these two objectives affect the
 performance of the software firm, through their
 effect on process performance.

 Since firm performance is a broad concept,
 this study particularly focuses on perceived
 competitive performance, which describes the
 firm's perceived performance relative to its
 competition. By drawing from manufacturing
 strategy research, two dimensions of per-
 ceived competitive performance are consid-
 ered: customer responsiveness and product
 cost efficiency. The former refers to the organi-
 zation's relative ability to respond to market
 changes whereas the latter describes the rela-
 tive efficiency with which the organization pro-
 duces its products. By drawing additionally
 from software process engineering research,
 two dimensions of perceived process perfor-
 mance are identified: process predictability
 and flexibility. The former describes the organi-
 zation's ability in using the software develop-
 ment process to accurately estimate the
 resources needed for developing software
 products, whereas the latter describes the
 speed with which the software development
 process can be used to respond effectively to
 changes in the organization's environment.
 The specific research question addressed in
 this study is: What is the effect of reusability
 and customizability on software process flexi-
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 bility and predictability, and on the software
 firm's perceived competitive performance?

 Research Model

 In addressing the research question posed
 above, this study draws from two distinct, but
 related, research areas. Manufacturing strate-
 gy research has long focused on the competi-
 tive performance implications of the processes
 used to manufacture products, whereas soft-
 ware process engineering researchers (e.g.,
 Cusumano 1991, pp. 440-444; Humphrey
 1989, p. 3) have drawn significant compar-
 isons between developing software and manu-
 facturing products. The research model
 (Figure 1) presented in this study conceptually
 synthesizes relevant research in these two
 areas and suggests that a software firm's abili-
 ty to meet the objectives of reusability and cus-
 tomizability significantly influences perceived
 software process performance, which in turn
 affects the perceived competitive performance
 of the firm. The constructs used in the

 research model and their inter-relationships
 are described below.

 Perceived competitive performance

 In this study, a software firm's perceived per-
 formance relative to its competitors was the
 focus. Such comparisons are feasible because
 a high degree of market segmentation has
 been "an enduring feature of industry struc-
 ture" in the U.S. software industry, with
 Microsoft and a few other companies being
 exceptions (Mowery 1996, p. 11). Two impor-
 tant aspects of perceived competitive perfor-
 mance derived from manufacturing strategy
 research are product cost efficiency and mar-
 ket responsiveness. The former describes the
 efficiency with which the organization pro-
 duces its products (Nemetz and Fry 1988),
 whereas the latter describes how timely the
 organization is in responding to market
 changes (Boynton et al. 1993).

 Since performance is complex and multidimen-
 sional, the choice of dimensions to describe
 performance will depend on the viewpoint
 adopted. In this study, the emphasis was on
 studying how a process-based approach to
 software development, analogous to manufac-
 turing processes in product-based industries,
 influenced performance. Product cost efficien-
 cy and market responsiveness were therefore
 selected because they illustrate key advan-
 tages of mass production and job shops
 respectively and were traditionally considered
 to entail significant tradeoffs. However, they
 need to be simultaneously pursued if firms are
 to compete effectively in today's dynamic and
 uncertain environment (Nemetz and Fry 1988).
 For example, while rapid entry into a new mar-
 ket is important, pioneering firms which do not
 target the mass market subsequently are likely
 to fail (Golder and Tellis 1993). These con-
 structs are defined in greater detail below.

 Product cost efficiency. This concept has
 been an important characteristic of mass pro-
 duction firms (Nemetz and Fry 1988). A key
 advantage of new manufacturing approaches
 such as mass customization is that firms can
 continue to obtain the cost efficiencies that

 characterized mass producers (Boynton et al.
 1993). In this study, product cost efficiency of
 a software firm is defined as its ability, relative
 to competitors, to produce software products
 efficiently from a cost perspective.

 Market responsiveness. This concept is
 important in coping with demand uncertainties
 for a firm's products and is a critical perfor-
 mance goal of firms which pursue mass cus-
 tomization (Pine 1993, p. 189). In this study,
 market responsiveness of a software firm is
 defined as its speed, relative to competitors, in
 responding to changes in marketplace
 demands for its software products.

 Dimensions of perceived process
 performance

 The choice of dimensions for measuring per-
 ceived process performance depends signifi-
 cantly on the dimensions of firm performance
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 that are emphasized. In product manufactur-
 ing, process flexibility and predictability have
 traditionally been associated with the tradeoffs
 perceived between craft/job-shops and mass
 production. Manufacturing process flexibility is
 the primary means by which a firm can rapidly
 respond to changes in markets and technolo-
 gies and is especially relevant given the
 changing conditions confronting manufacturing
 organizations (Jordan and Graves 1995). At
 the same time, high levels of predictability
 characterized mass production firms that were
 under statistical process control. However,
 recent developments in manufacturing suggest
 that firms could have production processes
 that are both flexible and predictable.

 Process flexibility. In manufacturing strategy
 research, flexibility can be studied at a number
 of levels and domains of application. Although
 a variety of flexibilities can be defined, these
 can broadly be classified into two types: speed
 of response to the environment and the scope
 or range of responses that can be generated
 (Parthasarthy and Sethi 1992). This study con-
 siders the former aspect, because it is becom-
 ing a critical measure of manufacturing
 process performance in general, and software
 product development in particular (Olsen
 1995). In this study, software process flexibility
 is defined as the speed with which the organi-
 zation's software development approach can
 respond effectively to changes in the organiza-
 tion's environment.

 Process predictability. A stable manufactur-
 ing process has been the critical characteristic
 of mass production firms, which were designed
 to cope with as little change as possible
 (Boynton et al. 1993). In software engineering,
 software process predictability is critical to the
 survival of software firms, given the impor-
 tance of delivering a product within budget and
 on time. For example, firms whose costs,
 schedules, and performance are unpredictable
 are considered at the lowest level of the CMM

 (Humphrey 1989, p. 5). In order to advance to
 the next maturity level, these firms need to be
 able to meet their cost, time, and performance
 estimates. In this study, software process pre-
 dictability is therefore defined as the ability of
 the software development organization to

 accurately estimate the needed resources,
 time, and performance of its software projects
 (Dowson 1993).

 Characteristics of software

 development approach

 Software process engineering research has
 identified several features that characterize a

 process-oriented approach. These include sys-
 tematic collection and analysis of process-
 related information, periodic update of stan-
 dards, development and use of an integrated
 package of methods and controls applied
 across projects, systematic accumulation of
 software development experience, extensive
 training to standardize employee skills, and
 detailed software process modeling. The CMM
 additionally describes several characteristics
 that establish the level of software process
 maturity (Paulk et al. 1993). It is difficult in
 practice to explicitly consider a long list of
 process-oriented characteristics to clearly
 describe the extent to which a software devel-

 opment approach is process-oriented. In order
 to study the performance impacts of process-
 oriented approaches, this study therefore
 focuses instead on some important objectives
 of process orientation that link the characteris-
 tics with perceived process and competitive
 performance. The ensuing research model is
 expected to be parsimonious and explain a
 greater variance in performance than when a
 (necessarily incomplete) list of process-orient-
 ed features is considered.

 In software development, both economies and
 diseconomies of scale are present, suggesting
 a non-linear relationship between software
 development effort and the size of the devel-
 oped application (Banker et al. 1994; Hu
 1997). In addition, economies of scope are
 also being recognized as a basis for improved
 software development process performance
 because significant benefits accrue from reap-
 plying resources across more than one project
 (Cusumano 1991, pp. 8, 427). These
 resources include people, methods, tools, and
 intermediate outputs generated during soft-
 ware development. Manufacturing research in

 MIS Quarterly/June 1998 109

This content downloaded from 130.149.253.161 on Mon, 03 Sep 2018 16:54:47 UTC
All use subject to https://about.jstor.org/terms



 Customizability and Reusability

 the last two decades also suggests that the
 tradeoffs traditionally perceived between the
 performance dimensions described can be mit-
 igated through economies of scope, where
 resources used in one product can be reap-
 plied to other products (Panzar and Willig
 1981). This study chose two important objec-
 tives of process orientation-reusability and
 customizability-for further research because
 they illustrate such economies of scope and
 have also been the focus of much research in

 software process engineering, as described
 below.

 Reusability. In general, reusability illustrates
 the economies of scope that results from recy-
 cling the outputs from a software development
 project to another project. In software process
 engineering, interest in reusability is currently
 very significant, comparable to that for struc-
 tured techniques in the early 1980s. It has
 been perceived by some experts as the "only
 realistic, technically feasible solution" to impor-
 tant problems of software development (Mili et
 al. 1995, p. 529). Reusability has been the pri-
 mary objective of software factories in Japan
 (Cusumano 1991, p. 32), and a variety of field
 studies suggests that it is an important means
 of improving software development perfor-
 mance in the U.S. as well (Banker and
 Kauffman 1991). Reuse need not be confined
 to code only; other outputs from every phase
 of the project can also be reused. In this study,
 reusability is defined as the extent of reuse of
 outputs generated during analysis, design,
 coding, testing, and other phases of develop-
 ment (Apte et al. 1990).

 Customizability. This concept refers generally
 to the software development unit's ability to
 reapply its software development approach to
 a wide variety of purposes and circumstances,
 therefore resulting in economies of scope.
 Customizability is an essential objective for a
 software process because it enables the
 process to be dynamically adjusted to the
 unique needs of each project (Humphrey
 1989, p. 247). Customized software processes
 are emphasized by the CMM, particularly at
 the two highest levels of process maturity
 (Paulk et al. 1993). In this study, customizabili-
 ty is defined as the ability of the software

 development approach to be tailored to the
 specific needs of individual projects.

 Missing variables

 In attempting to develop a parsimonious model
 that describes the effects of reusability and
 customizability on perceived process and com-
 petitive performance, it is likely that a number
 of missing variables may serve as potential
 confounds. For example, predictability and
 customizability could depend on the nature of
 the software products (e.g., size, complexity,
 type, and homogeneity) produced by the firm,
 the nature of the personnel resources (e.g.,
 size and composition of the teams) that are
 employed, and the nature of the markets in
 which the firm competes. However, there are
 at least three considerations that make the
 model useful to evaluate even without these

 variables: (1) the primary intent of the model
 is not so much to explain perceived process or
 competitive performance, but to establish
 whether reusability and customizability-two
 key objectives of process-based approaches-
 are significant predictors of perceived perfor-
 mance; (2) by choosing variables that are
 linked by a common theoretical thread, i.e.,
 economies of scope that mitigate traditionally
 perceived tradeoffs between mass production
 and craft/job-shops, a stronger causal chain
 between the variables may be established;
 and (3) the effect of missing variables can be
 reduced somewhat by careful choice of
 methodological controls, as illustrated in the
 research methodology section.

 Research hypotheses

 Traditionally, software developers achieved
 the flexibility of craft or job-shop production by
 developing software on a project-by-project
 basis. However, such an arrangement did not
 compare favorably with the reliability and pro-
 ductivity of mass production (Cusumano 1991,
 p. 441). Software process engineering
 research suggests that flexibility can also be
 achieved by a software process that is cus-
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 tomizable. It acts as a template that provides
 explicit guidance on how to undertake individ-
 ual software development projects (Curtis et
 al. 1992), but also helps strike a balance
 between total permissiveness and rigid
 enforcement (Dowson 1993). Customizability
 enables the software developer to dynamically
 identify the best process solution to the specif-
 ic problem (Bandinelli et al. 1993). Many
 Japanese software developers have process-
 es that are customizable to individual projects,
 which allows them to adapt to environmental
 pressures such as shortages of programmers
 or rapid growth in demand for custom applica-
 tions (Cusumano 1991, p. 41). At the two high-
 est levels of the CMM model, firms can tailor
 their standard development processes to apply
 to specific project requirements and improve
 their ability to react to the environment (Paulk
 et al. 1993). Overall, by leveraging previous
 knowledge, a customizable software develop-
 ment approach can therefore be used to
 respond rapidly to environmental changes.
 These arguments suggest:

 H1: Increases in customizability are associ-
 ated with increases in process flexibility.

 Traditional mass production was based on
 "efficiency through stability and control . . . if
 this is achieved, all else will follow" (Pine
 1993, p. 28, emphasis in the original). Such
 stability was achieved by using a standardized
 process to produce homogeneous products
 using large batch sizes with very little retooling
 (Nemetz and Fry 1988). The need to cus-
 tomize could compromise the reliability and
 control of the process. However, research in
 the last decade suggests that customizability
 and process predictability need not be anti-
 thetical, particularly in software development.
 For example, a development approach that
 can be customized to meet the needs of indi-

 vidual projects could also promote greater
 control and optimization because of an under-
 standing of cause-effect relationships
 (Humphrey 1989, p. 449). Because knowl-
 edge in tailoring the process to one project
 can be easily transferred to other projects,
 exceptions in process outcomes are less likely

 and more noticeable. Overall, in contrast with

 early research, this study suggests:

 H2: Increases in customizability are asso-
 ciated with increases in process
 predictability.

 There is some evidence that reusability signifi-
 cantly reduces software development cycle
 time and hence increases the flexibility of the
 process. For example, the implementation of
 reusability at Celite Sales Corporation
 (described by Swanson et al. 1991, p. 575) led
 to significant improvements in process flexibili-
 ty by enabling "dramatic reductions in develop-
 ment time." The reduced development times
 were primarily because of increases in soft-
 ware developer productivity as a result of
 reusing pre-existing components. As another
 example, programming productivity at the
 Toshiba Software Factory in Japan increased
 by 57% between 1979 and 1985, due primarily
 to a 270% increase in code reuse levels in the

 same period (Cusumano 1991, p. 240).
 Reusability also increases process flexibility by
 making it easier to modify the developed soft-
 ware, which can be even more beneficial than

 faster development times. Software develop-
 ment units that reuse components extensively
 can be likened to flexible factories that can

 rapidly assemble the required product
 (Cusumano 1991, p. 258). Overall, software
 engineering research on reusability suggests
 that:

 H3: Increases in reusability are associated
 with increases in process flexibility.

 Reusability can also lead to significantly higher
 levels of reliability, therefore resulting in a
 process with reduced variation in error rates.
 Because reuse of components provides
 greater opportunities for error discovery and
 correction, the number of unexpected prob-
 lems decrease over time and the software

 development process becomes more stable.
 As has been suggested, "reusable parts are
 very predictable once programs pass their ini-
 tial tests . . . if the process is followed, prob-
 lems usually found in a system test can be
 avoided" (Swanson et al. 1991, p. 575). The
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 more the software component is reused, the
 more its capabilities become known and the
 less the likelihood of errors (Reifer 1992).
 Japanese software factories achieved high lev-
 els of process predictability because of a sys-
 tematic program of increasing reusability
 (Cusumano 1991, pp. 191, 436). These argu-
 ments suggest that:

 H4: Increases in reusability are associated
 with increases in process predictability.

 Traditionally, manufacturing flexibility was
 assumed to negatively impact cost efficiencies
 in producing products (Nemetz and Fry 1988).
 However, this efficiency-flexibility tradeoff has
 increasingly been questioned by both manu-
 facturing research in the last decade (Kotha
 1995) and recent MIS research (Boynton et al.
 1993). Manufacturing flexibility, obtained
 through advances in manufacturing automa-
 tion and organization, is a key means for
 increasing market responsiveness when future
 demand is uncertain and competition has
 intensified (Jordan and Graves 1995). At the
 same time, economies of scope through shar-
 ing of resources ensure that cost efficiencies
 need not be compromised (Kotha 1995). This
 suggests:

 H5: Increases in process flexibility will
 be associated with increases in per-
 ceived competitive performance of the
 organization.

 For a large number of industries, the competi-
 tive environment requires revolutionary prod-
 uct change, but also permits firms to improve
 their manufacturing processes on an incre-
 mental and continuous basis (Boynton and
 Victor 1991). Firms in such industries can be
 responsive to their customers without having
 to abandon the cost advantages of mass pro-
 duction, therefore succeeding through "dynam-
 ic stability" (Boynton et al. 1993). Software
 development processes are especially
 amenable to incremental refinement, as illus-

 trated by the popularity of continuous process
 improvement approaches such as total quality
 management in software, the CMM, and soft-
 ware factories. A predictable process is the

 basis for making such long-term improvements
 as it enables firms to systematically and con-
 tinuously improve process know-how and
 capabilities (Boynton and Victor 1991). These
 arguments suggest that:

 H6: Increases in process predictability will
 be associated with increases in per-
 ceived competitive performance of the
 organization.

 Research Methodology

 Sampling strategy

 The sampling frame for this study was the
 American Software Association (ASA) Division
 of the Information Technology Association of
 America (ITAA). The ITAA was selected
 because it is one of the most diversified in the

 country and represents information technology
 firms that range in size from a few people to
 thousands of employees. The ASA is one of
 five divisions within the ITAA and includes

 members who range from large software firms
 such as Microsoft, IBM, SAP America, and
 Oracle to small software firms. The ASA thus

 provides a wide spectrum of software develop-
 ers from which to sample. However, response
 rates were expected to be problematic given
 the intense competition in the software indus-
 try and the sensitivity of the issues such as
 process flexibility and predictability. Since
 resources were limited, an intensive sampling
 strategy was selected, where repeated con-
 tacts with a smaller, but more manageable,
 sample was expected to be more cost efficient
 than fewer contacts with a larger sample.

 The study questionnaire was mailed to a ran-
 dom sample of 100 firms selected from the
 approximately 350 software firms who were
 members of the ITAA's ASA Division in 1993-

 94. On an average, eight follow up contacts
 were made with each firm in the sample,
 resulting in 58 questionnaires usable for analy-
 sis (58% response rate). The key informant
 who received the survey was typically the VP
 (Development) or chief technology officer
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 (CTO). The median software firm in the sample
 (Table 1) was in business for the past 15
 years, employed 35 full-time employees,
 grossed $3 million in sales annually, intro-
 duced about one new product each year, and
 had been using its current software develop-
 ment approach for the past six years. The
 sample included firms such as IBM, Trinzic
 Corporation, and Hyperion Software that pro-
 duce software for Fortune 500 firms across a

 wide variety of industries. Also included were
 niche firms such as Reynolds and Reynolds
 Healthcare Systems, which develops patient
 accounting systems for doctor's offices and
 medical clinics, Pentamation Software, which
 develops software for K-12 schools and local
 governments, and First Resort Software, which
 develops software for property management
 companies.

 Single-respondent samples, although common
 in MIS research, have potential for bias
 because of the respondent's lack of knowl-
 edge, leading to guessing or random selection
 of a score. In this study, since software devel-
 opment is the core technology of a software
 firm, the VP (Development)/CTO was likely to
 be knowledgeable about the firm's competitive
 positioning vis a vis process performance.
 However, there could be biased attribution of
 perceived competitive performance outcomes
 because of the respondent's vested interest in
 the causal factors. Consequently, second-

 respondent evaluations of perceived competi-
 tive performance were also collected in this
 study. The respondents from the first sample
 were asked to identify their counterparts in
 marketing who could answer the performance-
 related questions. On an average, about four
 follow-up contacts had to be made with each
 firm. Altogether, 36 usable second-respondent
 questionnaires (62% response rate) were
 returned from the 58 firms in the first sample.

 Questionnaire development

 Because many constructs had not been stud-
 ied empirically in previous MIS research, mea-
 surement scales had to be developed by iden-
 tifying individual concepts emphasized by
 researchers. These concepts were then used
 to create individual items and the measure-

 ment scales were subsequently subject to a
 variety of analyses for assessing their reliabili-
 ty and validity. The scales were first assessed
 for content validity, which describes the extent
 to which the items contained in an instrument

 were sampled from the universe of all possible
 items for a particular construct. In this study,
 expert review was used to verify content validi-
 ty during a pretest, where the measurement
 items for the constructs were assessed by five
 academics specializing in information systems
 and 10 software development professionals in

 Table 1. Sample Characteristics

 Aspect Mean S.D. Median Min. Max.

 Number of years in business 20.2 18.7 15 2 100

 Number of full-time employees 608.9 1,881.3 35 2 12,000

 Annual sales volume ($ million) 2.6 1.6 3 0 11,000

 Number of software projects
 undertaken per year 37.2 75.4 10 0 400

 Percentage of software
 development outsourced 8.3 15.2 0 0 80

 Number of new products
 introduced per year 8.3 23.8 1 0 122

 Number of years software
 development process in use 7.6 6.1 6 1 25

 N= 58 firms.
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 industry. All reviewers completed the question-
 naire and also responded to the following
 questions

 (1) Were there items that should have been
 included on the questionnaire, but were not?
 (2) Were there items on the questionnaire that
 should be deleted because they were irrele-
 vant? (3) Were there items on the question-
 naire that should be reworded to reduce ambi-

 guity? Upon completing the questionnaire, the
 reviewers were interviewed and asked to

 describe their interpretation of the questions, in
 order to compare them with the original intent.
 The final questionnaire, modified as a result of
 the pretest, was then used for the survey. The
 study's measurement scales are given in
 Appendix A.

 Measures

 Perceived competitive performance. This
 construct was given by the respondent's
 assessment of the software firm's position rel-
 ative to its competitors (1 - at the very bottom,
 3 - in the middle, 5 - at the very top) on the fol-
 lowing two dimensions identified earlier
 (Nemetz and Fry 1988; Pine 1993, p. 189):

 1. Product cost efficiency: (a) ability to pro-
 duce software at low cost for current prod-
 uct lines, (b) ability to charge competitive
 prices for software for current product lines,
 (c) the efficiency of software production for
 current product lines, and (d) the productiv-
 ity of software developers for current prod-
 uct lines.

 2. Market responsiveness: (a) the speed of
 response to new customer needs, (b) abili-
 ty to tailor software products to individual
 customer needs, (c) the speed at which
 new software markets can be entered, and
 (d) the rate of introduction of new software
 products/services.

 The items in each dimension were identified in

 field interviews prior to and during the pretest.
 In general, performance has traditionally been

 particularly problematic to measure, both in
 organization studies and in MIS research. In
 this study, a major problem was the lack of
 quantitative performance measures such as
 return on investment (ROI), return on net
 assets (RONA), and earnings per share (EPS)
 for 42 of the 58 firms in the sample. These
 firms were privately held and therefore not
 obliged to file their performance data with the
 SEC. The three-year average scores for ROI,
 RONA, and EPS for 1991-94 were obtained for
 the other 16 (publicly held) firms.

 To cross validate the two-dimensional scale

 above, the study also used a unidimensional
 subjective scale originally developed by Dess
 and Robinson (1984) and recommended in sit-
 uations where objective financial performance
 data are hard to get, such as for private firms.
 The individual items in this unidimensional

 scale were evaluated by the respondent in
 relation to the software firm's competitors (see
 Appendix A). Moreover, to reduce single-
 respondent bias, the two-dimensional and uni-
 dimensional subjective scales were adminis-
 tered to both the VP (Development)/CTO and
 the VP (Marketing). In summary, a variety of
 scales were used to obtain a balanced assess-

 ment of perceived competitive performance of
 the software firm.

 Process flexibility. Respondents were asked
 to indicate the speed, when compared to com-
 petitors in the same situation (1 - slower than
 all, 2 - slower than most, 3 - in the middle, 4 -
 faster than most, 5 - faster than all), with which
 their current software development approach
 could be used to respond effectively to
 changes in the following five business environ-
 ment dimensions (Bantel 1993):

 1. Labor supply: (a) quantity of developers in
 the labor market decreased, and (b) quality
 of developers in the labor market
 decreased.

 2. Customer needs: (a) customer's software
 product requirements changed, and (b) a
 new market for the software products
 opened.
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 3. Competition: (a) new competitors entered
 the software market, and (b) changes in
 the basis of competition in the industry
 occurred.

 4. Regulation: (a) new laws regulating the
 business were enacted, or (b) laws regulat-
 ing the business were repealed.

 5. Technology: (a) new software technologies
 became available, and (b) new hardware
 technologies became available.

 Process predictability. This construct was
 measured by the extent to which each of the
 following were predictable (1 - very unpre-
 dictable, 5 - very predictable) at the start of a
 software development project in their organiza-
 tion (Henderson and Lee 1993; Keller 1994):

 (1) actual date of completion of project, (2)
 actual developer-months required for the pro-
 ject, (3) actual budget that would be con-
 sumed by the project, (4) actual resources
 that would be required to complete the project,
 (5) the actual quality of the finished software,
 and (6) the actual functionality of the finished
 software.

 Reusability. There is considerable controver-
 sy and little agreement in the literature over
 how to measure reusability. Some of the
 issues include what kinds of outputs should be
 considered as valid components for reuse,
 what kinds of measurement scales could be

 employed, whether reuse for versions of the
 same product should be allowed, and whether
 levels or quality of reuse should be used. In
 this study, the approach to measuring reusabil-
 ity for the first two issues was kept deliberately
 broad, i.e., valid reusable components includ-
 ed not just code, but also specifications, data,
 and documentation. Moreover, both interval
 and ratio scales for measuring reuse were
 used to permit cross-validation of results.
 However, much reuse occurs between ver-
 sions of the same product, which could mis-
 leadingly signify economies of scope for pro-
 ducing a wide range of products.
 Consequently, this study focused only on inter-
 product, rather than intraproduct, reuse as a

 measure of the recycling of outputs from one
 software development project to another.
 Moreover, the focus was on level, rather than
 quality, of reuse because it was less likely to
 be confounded with performance.

 Specifically, level of reuse was operationalized
 in terms of the respondent's estimate of the
 percentage (a ratio scale) of each of the fol-
 lowing outputs of software development which
 consisted of reused components (Cusumano
 1991, p. 11):

 (1) requirements specifications, (2) design
 specifications, (3) software code, (4) test
 data, and (5) documentation. In addition, the
 study also used a 5-point Likert scale (interval
 scaled) which elicited the respondent's per-
 ceived extent of reuse (1 - not at all, 3 - to
 some extent, 5 - to a great extent) for each of
 the five items identified above. In answering
 the questions, the respondent was asked
 specifically to exclude reuse between versions
 of the same software product, for reasons
 described above.

 Customizability. This construct was given by
 the extent to which the respondents agreed (1
 - strongly disagree, 3 - neither agree nor dis-
 agree, 5 - strongly agree) with the following
 statements concerning their development
 approach:

 (1) it could be used effectively for a variety of
 projects, (2) it could be customized by individ-
 ual project teams to suit their context, (3) it
 permitted a range of responses to different
 types of requirements, (4) it permitted a range
 of responses to different types of technologies,
 (5) it could be adapted to the quality goals of
 individual projects, (6) it could be adapted to
 the productivity goals of individual projects,
 and (7) it could be adapted to suit the
 resource levels available to a project.

 Analytical techniques

 The research model and hypotheses were
 tested using path analysis, where each vari-
 able in the model was measured by a single
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 indicator. The indicator was constructed as
 follows:

 (1) where the variable was a unidimensional
 construct (e.g., customizability and process
 predictability), the indicator was given by the
 mean of the items that measured the con-

 struct, after testing for construct validity and
 reliability and (2) where the variable was multi-
 dimensional (e.g., process flexibility and per-
 ceived competitive performance), principal
 component analysis was used to reduce the
 dimensions into a single value given by the
 first principal component. In this study, path
 analysis was undertaken using structural
 equation modeling (SEM) techniques. SEM-
 based path analysis assumes that the vari-
 ances and covariances of the independent
 variables are also parameters to be estimated,
 in contrast to traditional path analysis using
 multiple regression which assumes them to be
 known numbers. Consequently, SEM-based
 path analysis provides better estimates of the
 path coefficients than traditional techniques.

 The specific SEM-based technique used in this
 study was EQS (Bentler 1989), which can be
 used for both path analytic and latent variable
 modeling. EQS is a viable alternative to LIS-
 REL and even provides some advantages
 such as a simpler variable classification
 scheme, which in turn results in a considerably
 simplified set of symbols for representing vari-
 ables. In addition, EQS directly reports the
 results of sophisticated model specification
 techniques such as the Lagrange Multiplier
 (LM) and Wald tests that need to be computed
 in many other packages. In EQS, a variety of
 statistics are used to assess the overall empiri-
 cal support for the research model. First, if the
 model's conformance with the observed data

 is to be considered acceptable, the probability
 value for the model's chi-square statistic
 should exceed a standard cutoff of 0.05

 (Bentler 1989, p. 37). In addition, three fit
 indices are typically used to identify goodness
 of fit: (1) the comparative fit index (CFI), (2)
 the normed fit index (NFI) such as the Bentler-
 Bonett NFI, and (3) a non-normed fit index
 (NNFI). Values greater than 0.90 are desirable
 for each fit index. Next, the average absolute
 standardized residual (AASR) indicates the

 proportion of the variance not explained by the
 model and should have small values. Finally,
 the theorized model should be compared with
 a more constrained model, where previously
 free effects are now fixed, and a less con-
 strained model, where previously fixed effects
 are now free to be estimated. The former com-

 parison is undertaken in EQS by the Wald test,
 while the latter is performed by the LM test.
 Support for the model is enhanced if both the
 Wald and LM tests do not suggest any modifi-
 cations that would significantly improve fit.

 Control for missing variables

 In an earlier section, several missing variables
 were identified which could potentially con-
 found the relationships hypothesized in the
 model. One approach to controlling for these
 variables is to include them explicitly in the
 model. However, given the potentially large
 number of such variables that affect firm-level

 performance, the difficulty in collecting data for
 these variables was bound to be significant. A
 simpler, methodological approach to partially
 control for such confounds that was used in

 this study was random selection of respon-
 dents, a technique well established in experi-
 mental research where subjects are randomly
 assigned to treatments.

 Findings

 Because of the relatively new domain of
 research in which the study's constructs were
 being empirically examined, significant effort
 was directed at assessing validity and reliabili-
 ty. In particular, construct, external, statistical
 conclusion and internal validities, statistical

 power, and alpha reliabilities were evaluated.
 Model and hypotheses testing were undertak-
 en only after a set of valid and reliable mea-
 sures were established for each variable in the

 model (see Appendix B for these tests). The
 Pearson correlations between the constructs

 (Table 2) suggested a priori that there were
 many significant relationships. However,
 because Pearson correlations can be subject
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 Table 2. Correlation Matrix

 Perceived

 Process Process Competitive
 Reusability Customizability Predictability Flexibility Performance

 Reusability 1.0

 Customizability -0.09 1.0

 Process Predictability -0.11 0.54*** 1.0

 Process Flexibility -0.08 0.39** 0.31* 1.0
 Perceived Competitive
 Performance -0.02 0.49*** 0.53*** 0.37** 1.0

 * p < 0.05; ** p < 0.01; *** p < 0.001.

 to spurious relationships, more accurate con-
 clusions required path analysis, as described
 below.

 Testing the development manager
 model

 The first-respondent sample, consisting of
 responses from the VP (Development)/CTO
 was the basis for testing the development
 manager model. The theorized model fit the
 first-respondent data, with a p-value of chi-
 square (0.31) exceeding the minimum cutoff of
 0.05, all three fit indices above 0.9 (NFI = 0.92,
 NNFI = 0.96, CFI = 0.98), and an AASR that
 was low (0.04). Moreover, the LM test did not
 suggest any additional effects to significantly
 increase model fit. However, the Wald test
 suggested that the direct effect of reusability
 on process flexibility and process predictability
 could be dropped from the model to signifi-
 cantly increase fit. The revised model (Figure
 2), without the above two effects, had a higher
 fit with the data, with a p-value of chi-square of
 0.50, high fit index values (NFI = 0.91, NNFI =
 1.02, CFI = 1.00), and an AASR that continued
 to be low (0.04). Most importantly, both the LM
 and Wald tests suggested no further changes
 could be made to the revised model to signifi-
 cantly increase fit. The revised model-which
 also indicates the standardized path coeffi-
 cients or effect sizes-was used to test the

 research hypotheses, as discussed below
 (Table 3).

 Customizability had a significant and positive
 effect on process flexibility (p < 0.005) which
 suggested support for hypothesis H1, i.e., a
 software development process that is cus-
 tomizable to individual projects leads to
 greater flexibility in responding to changes in
 the product-market and regulatory environ-
 ment of the firm. The standardized score for

 this effect was 0.40, which suggested that cus-
 tomizability explained about 16% of the varia-
 tion in process flexibility. Customizability also
 had a significant and positive effect on process
 predictability (p < 0.001), which suggested
 support for hypothesis H2, i.e., a software
 development process that is customizable to
 individual projects results in greater pre-
 dictability of the software development activi-
 ties. Moreover, the standardized score for this
 effect was 0.54, which suggested that cus-
 tomizability explained over 29% of the varia-
 tion in process predictability.

 The Wald test suggests that effects be
 dropped from a model because of lack of sta-
 tistical significance. As a result, the effects of
 reusability on process flexibility and pre-
 dictability were dropped from the revised
 model. Model respecification therefore implied
 lack of support for hypotheses H3 and H4, i.e.,
 efforts at increasing the extent of reuse of soft-
 ware development components did not seem
 to result in either greater flexibility in reacting
 to changes in the environment or in greater
 predictability of the software development
 activities. These surprising findings are dis-
 cussed in detail in the conclusions.
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 Table 3. Perceived Performance Effects-Development Manager Model

 Corresponding Standard
 Independent Dependent Raw Path Standard Path

 Variable Variable Hypothesis Coefficient Error Z-Score Coefficient
 Process

 Flexibility H1 0.61 0.19 3.27** 0.40
 Customizability

 Process

 Predictability H2 0.59 0.12 4.84*** 0.54
 Process
 Flexibility H3 s Effect Dropped from Model Flexibility H3

 Reusability

 Processdicai H4 Effect Dropped from Model Predictability H4

 Process Flexibility Perceived
 Competitive
 Performance H5 0.23 0.11 1.98* 0.22

 Process Predictability Perceived
 Competitive
 Performance H6 0.70 0.16 4.29*** 0.48

 * p < 0.05; ** p < 0.005; *** p < 0.001.

 The direct effect of process flexibility on per-
 ceived competitive performance was also posi-
 tive and significant (p < 0.05), which suggested
 support for hypothesis H5, i.e., increases in
 the flexibility of software development activities
 lead to increased perceived competitive perfor-
 mance of the software firm. The standardized

 effect was 0.22, which suggested that process
 flexibility explained nearly 5% of the variation
 in competitive performance, as perceived by
 the software development manager. The direct
 effect of process predictability on perceived
 competitive performance was positive and sig-
 nificant (p < 0.001), which suggested support
 for hypothesis H6, i.e., increases in the pre-
 dictability of software development activities
 lead to increased perceived performance of
 the software firm. The standardized effect was

 0.48, which suggested that process pre-
 dictability explained over 23% of the variation
 in competitive performance, as perceived by
 the software development manager. In terms
 of actual effect sizes, results from the develop-
 ment manager model suggest that, except for
 the effect of process flexibility on perceived
 competitive performance (which was small-
 sized), the other significant effects ranged from
 0.40 to 0.54 (which were close to medium-

 sized). The average actual effect size for all
 four significant effects was 0.41, which
 exceeded the expected effect size of 0.35.
 Since the actual sample size (N = 58) was
 greater than the required sample size (N = 51),
 the actual average statistical power of the find-
 ings therefore exceeded 0.80.

 Testing the marketing manager
 model

 This model was based on the sample formed
 by considering the VP (Marketing) assess-
 ments of competitive performance, while all
 other constructs were based on the VP

 (Development)/CTO assessments. As before,
 PCA was used to construct the score for the

 firm's perceived competitive performance,
 using the marketing manager's evaluation of
 product cost efficiency and market responsive-
 ness. The theoretical model did not include the

 effects of reusability on process predictability
 and flexibility. These effects, which were
 dropped in the development manager model,
 would not have changed because they contin-
 ued to be based on the development man-
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 ager's assessments. The model now had eight
 parameters to be estimated. Given a sample
 size of 36, the sample size to parameters ratio
 of 4.5 was reasonably close to five, the recom-
 mended value, in order to draw meaningful
 conclusions from the analysis.

 The theorized model fit the data, with a p-value
 of chi-square (0.70) considerably exceeding
 the minimum cutoff of 0.05, two of the three fit
 indices above 0.9 (NFI =0.88, NNFI = 1.17,
 CFI = 1.00), and an AASR that was low (0.05).
 Moreover, the LM test did not suggest any
 additional effects to significantly increase
 model fit. However, the Wald test suggested
 that the direct effect of process predictability
 on perceived competitive performance could
 be dropped from the model to significantly
 increase fit. The revised model (Figure 3),
 without the above effect, had a better fit with
 the data, with a p-value of chi-square of 0.80,
 two of the three fit indices above 0.90 (NFI =
 0.88, NNFI = 1.22, CFI = 1.00), and an AASR
 lower than before (0.04). Most importantly,
 both the LM and Wald tests suggested that no
 further changes could be made to the revised
 model to significantly increase fit. The revised
 model-which also includes the standardized

 path coefficients or effect sizes-was used to
 test the research hypotheses, as discussed
 below (Table 4).

 As expected, customizability had a significant
 positive effect on process flexibility (p < 0.005),
 with an effect size of 0.44. This reinforced sup-
 port for hypothesis H1, i.e., customizable soft-
 ware development approaches lead to a
 greater ability to react effectively to changes in
 products, competition, or technologies.
 Similarly, customizability had a significant and
 positive effect on process predictability (p <
 0.001), with an effect size of 0.58. This rein-
 forced support for hypothesis H2, i.e., cus-
 tomizable software development approaches
 lead to greater predictability of the software
 development process. Moreover, there was no
 support for hypotheses H3 and H4 because
 the effects of reusability on process flexibility
 and predictability were dropped from the origi-
 nal model. In summary, the findings regarding
 H1 through H4 from a data subset (N = 36),
 which included marketing manager assess-
 ments of competitive performance, cross vali-
 date those from the larger set of data (N = 58).

 Table 4. Perceived Performance Effects-Marketing Manager Model

 Corresponding Standard
 Independent Dependent Raw Path Standard Path

 Variable Variable Hypothesis Coefficient Error Z-Score Coefficient
 Process

 y Flexibility H1 0.94 0.33 2.88** 0.44 Customizability
 Process

 Predictability H2 0.87 0.20 4.18*** 0.58
 Process Process xit Effect Dropped from Model

 Reu a l... Flexibility H3 Reusability

 Proedictabiliy H4 Effect Dropped from Model Predictability H4
 Perceived

 Process Flexibility Competitive
 Performance H5 0.35 0.14 2.44* 0.38

 Perceived

 Process Predictability Competitive Effect Dropped from Model
 Performance H6

 * p < 0.05; ** p < 0.005; *** p < 0.001.
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 The direct effect of process flexibility on per-
 ceived competitive performance was positive
 and significant (p < 0.05), which suggested
 support for hypothesis H5, i.e., increases in
 the flexibility of software development activities
 as perceived by the development manager
 were associated with increases in competitive
 performance as perceived by the marketing
 manager. Moreover, the effect size was 0.38,
 which suggested that process flexibility
 explained over 14.4% of the variation in orga-
 nizational performance. However, the impor-
 tant difference from the development man-
 ager's model was the absence of an effect of
 process predictability on perceived competitive
 performance. This suggested lack of support
 for hypothesis H6, i.e., increases in process
 predictability as perceived by the development
 manager were not associated with increases in
 competitive performance as perceived by the
 marketing manager. This interesting finding is
 discussed in the conclusions. The average
 effect size for the three significant effects was
 0.47, which was close to medium-sized (as
 expected). Moreover, the actual sample size
 (N = 36) exceeded the sample size (N = 25)
 required to obtain power levels of 0.80 (given
 medium-sized effects). The actual average
 statistical power of the findings therefore
 exceeded 0.80.

 Internal validity

 The internal validity of a model tests whether
 alternative explanations of the results can be
 provided, such as the effects of missing vari-
 ables (Mitchell 1985). In this study, organiza-
 tional size as a missing variable was important
 enough to be controlled for explicitly, while
 random selection of respondents was a partial
 methodological control for other potential con-
 founds. For example, the relationships
 between the variables in the model may be
 more an artifact of their correlation with organi-
 zational size, rather than the presence of any
 effects among them. Size (given by the natural
 logarithm of number of full-time employees)
 was explicitly included by modeling its direct
 effect on customizability, process flexibility,
 and predictability in the revised development

 and marketing manager models. However, the
 results indicate lack of support for size as an
 explanation. The Wald test suggested drop-
 ping its effects to significantly increase model
 fit. Similar results were obtained when size

 was measured by annual sales volume.

 Conclusions

 Discussion of findings

 Effects of customizability. The strong sup-
 port for both the process customizability
 hypotheses (H1 and H2) suggests that cus-
 tomizability does have a significant influence
 on process predictability and flexibility, and
 therefore on perceived competitive perfor-
 mance. Specifically, firms that develop a soft-
 ware process that can be customized to differ-
 ent projects can more accurately estimate the
 performance of their projects, have a software
 development approach that can react more
 rapidly to changes in the environment, and
 therefore improve their market responsiveness
 and cost efficiencies vis a vis competition. In
 the development manager model, customiz-
 ability was important enough that it had a total
 standardized effect of 0.35 on perceived com-
 petitive performance, therefore explaining over
 12% of the latter's variation. This finding lends
 support to the assertions made by the SEI's
 CMM model that developing a customizable
 software development process is an important
 objective of sofware process maturity which
 leads to high-performing organizations. For the
 reasons described earlier, customizability
 ensures that there is a process template to
 work with and tailor to individual projects,
 which in turn leads to more predictable and
 flexible software development.

 Effects of reusability. The lack of support for
 either of the reusability hypotheses (H3 and
 H4) in this study is surprising, given that
 process management research has empha-
 sized reusability as an important objective. To
 cross validate the findings, the subjective
 Likert-scale measure of reusability described
 earlier was also considered. If we view the
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 scale measuring percentage reuse and this
 subjective scale as two different methods, the
 MTMM matrix showed that there was very high
 correlation between the two methods for each

 kind of reusability (Table 5). Moreover, the cor-
 relations in the validity diagonal of the matrix
 were the highest in their corresponding row and
 column, suggesting good convergent and dis-
 criminant validity for the measurement scales.
 The study's findings were additionally support-
 ed when the subjective scale for reuse was
 used in subsequent analysis; the Wald test
 suggested that reusability's effects on process
 predictability and customizability should be
 removed in order to improve model fit.

 It must be emphasized that there is no consen-
 sus among practitioners and researchers
 about what reuse means and how to measure

 it. Moreover, while reusability is based on
 economies of scope, it is also subject to some
 economies of scale, since a systematic reuse
 program is typically difficult and expensive to
 establish. Consequently, given the large num-
 ber of small to medium firms in the sample,
 which is reflective of the software industry as a
 whole, it is possible that the levels of reuse
 were generally insufficient to affect perfor-
 mance significantly. At the same time, there is
 no way of knowing whether there would have
 been any relationship between reuse and the
 performance variables even if the levels of

 reuse were high. Moreover, it is possible that a
 philosophy of reuse imposes constraints on
 the process which reduces its flexibility.

 Overall, the lack of significant effects of
 reusability observed in this study and the vari-
 ety of potential theoretical and methodological
 explanations suggest the need for consider-
 able further research in this area.

 Effects on perceived competitive perfor-
 mance. Recall that both the development and
 marketing managers rated perceived competi-
 tive performance, while process performance
 was rated only by the development managers.
 The findings suggest that, when perceived
 competitive performance was rated by the
 development managers, process predictability
 and flexibility were important determinants of
 perceived competitive performance, with more
 emphasis on the former dimension. However,
 when marketing managers rated perceived
 competitive performance, only process flexibili-
 ty was a significant predictor.

 To cross validate the above findings with the
 unidimensional performance scale (Dess and
 Robinson 1984), a correlation matrix (Table 6)
 was formed from combinations of respondents
 (development vs. marketing manager) and
 measurement approaches (two dimensional
 vs. unidimensional). The results suggest that
 the marketing manager had higher consistency
 between the two approaches to measuring
 performance (r = 0.65), when compared to the
 development manager (r = 0.39). A path analy-
 sis of the marketing manager model, based on
 the unidimensional scale, was next undertak-
 en. The results provide additional support for
 the marketing manager's emphasis on process

 Table 5. MTMM Matrix-Measurement of Reusability

 Front-End Back-End Front-End Back-End
 Reusability Reusability Reusability Reusability
 (% scale) (% scale) (Likert scale) (Likert scale)

 Front-End Reusability
 (% scale) 1.0
 Back-End Reusability
 (% scale) 0.54** 1.0
 Front-End Reusability
 (Likert scale) 0.71*** 0.46** 1.0
 Back-End Reusability
 (Likert scale) 0.48** 0.79*** 0.53*** 1.0
 **p < 0.01; ***p < 0.001.
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 Table 6. Correlation Matrix for Perceived Competitive Performance

 Development Manager Marketing Manager

 Perceived Competitive Two One Two One
 Performance Scale Dimensions Dimension Dimensions Dimension

 Development Two Dimensions 1.00
 Manager

 One Dimension 0.39** 1.00

 Marketing Two Dimensions 0.20 0.13 1.00
 Manager

 One Dimension 0.38* 0.01 0.65*** 1.00

 * p < 0.05; ** p < 0.01; *** p < 0.001.

 flexibility, since it had a significant and positive
 effect on perceived competitive performance
 (effect size = 0.58) and explained almost 34%
 of its variation. As before, the effect of process

 predictability on perceived competitive perfor-
 mance had to be dropped from the model.

 The findings from Table 6 are troubling with
 regard to the development manager's evalua-
 tion of performance. The low correlations
 observed between the development manager's
 evaluations imply that these may have been
 unreliable, which could be due to single
 respondent bias resulting from (1) the pres-
 ence of common variance leading to difficulty
 in conceptually distinguishing between the
 independent and dependent variables used in
 the study or (2) an intentional shading of the
 relationships between these variables, for
 example to inflate performance even if the
 independent variables suggested otherwise.
 The former explanation appears unlikely
 because a factor analysis of the first respon-
 dent sample with the independent and depen-
 dent variables pooled together suggested that
 the constructs were conceptually distinct.
 However, the latter explanation cannot be
 ruled out, which could bias the findings.
 Consequently, only those results that were
 consistent with the marketing manager's eval-
 uations could be assumed to be reliable in this

 study.

 When using the marketing manager's evalua-
 tions, the results suggest that increases in
 process flexibility, rather than process pre-

 dictability, are likely to lead to increases in per-
 ceived competitive performance for the soft-
 ware firm. A plausible explanation for these
 findings may be the competitive nature of the
 software industry. Given the rapidly changing
 business and technological environment within
 which many software firms operate, it is possi-
 ble that efforts which emphasize development
 of reliable estimates of costs and other

 resources needed for software projects may
 be misdirected. Instead, in such turbulent envi-
 ronments, successful software firms may likely
 be those which focus on software development
 processes that can respond speedily to envi-
 ronmental changes. In any case, the interest-
 ing, albeit mixed, findings regarding process
 and perceived competitive performance in this
 study emphasize the need for more research
 in this area which is sensitive to the perspec-
 tive of the respondent and the competitive
 nature of the industry.

 Limitations

 There are several limitations to this study
 resulting from the measures used for perfor-
 mance, the difficulties in conducting firm-level
 analysis of software development practices,
 the lack of accepted metrics for key constructs
 such as reusability, and the sample size used
 for analysis.

 First, the measurement of performance-a
 continuing problem in research-is a limitation
 of this study. One important performance-relat-
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 ed limitation of the study was the lack of objec-
 tive financial data (preferably from secondary
 sources such as SEC filings) for the software
 firms in the sample. Instead, perceptual mea-
 sures of process and competitive performance
 had to be used in this study. Based on the 14
 publicly held firms for which financial data
 were available, a multiple regression analysis
 was performed using ROI, RONA, and EPS in
 turn as the dependent variable, and the other
 constructs as independent variables. No signif-
 icant coefficients were obtained for any of the
 effects. Since it was likely that the financial
 performance data may not have been normally
 distributed, non-parametric tests were then
 conducted using ranked performance scores.
 These tests also did not suggest any signifi-
 cant relationships between financial perfor-
 mance and the other constructs.

 Another performance-related limitation was the
 difference in perceptions of competitive perfor-
 mance between the development manager
 and the marketing manager. In particular, the
 results suggest that the development man-
 agers' evaluation of competitive performance
 was inconsistent across the multidimensional

 and unidimensional scales. This unreliability
 poses a problem for the study, although the
 observed consistency in the marketing man-
 agers' evaluations implies that the problem
 may be due to the type of respondent, rather
 than the scales themselves. To reduce the

 impact of such respondent-related biases, only
 those results that were consistent across both

 the development manager and marketing man-
 ager samples were considered as a finding
 from this research.

 Second, because software products and mar-
 kets differ considerably among themselves,
 both intrafirm and interfirm differences are like-

 ly to have confounded the findings and threat-
 ened the internal validity of the research
 model. While this study tested explicitly for
 organizational size as a potential confound,
 random selection of firms was used to correct

 for the effects of the other confounds.

 However, random selection does not counter
 threats posed by covariation between the
 missing independent variables and those that
 were included in the model. Future research

 could undertake more explicit testing of these
 confounds such as the type, complexity, and
 size of software product.

 Third, the measurement of reusability-anoth-
 er continuing problem in research-is a limita-
 tion of this study. Although two different mea-
 surement scales were used for

 cross-validation, it is likely that the interpreta-
 tion of the scales may not have been uniform
 across respondents. It is also possible that
 reuse may be better measured in terms of the
 conditions which encourage it (such as the
 presence of organizational mechanisms)
 rather than percentage of reuse. As a check,
 the extent to which such mechanisms were

 present (see Appendix A for measurement
 scale) correlated significantly with interval-
 scaled perceptions of reuse (r = 0.31, p =
 0.03), but did not correlate significantly with
 percentage reuse levels (r = 0.16, p = 0.36).
 However, it is possible that the former correla-
 tion was an artifact of the five-point Likert
 scales used.

 Fourth, although response rates were suffi-
 ciently high in this study, the sample sizes that
 were used-particularly the marketing manag-
 er sample of 36 respondents-may be consid-
 ered a limitation. Maximum likelihood estima-

 tion (MLE) techniques, which formed the basis
 for the SEM analysis, do not have good prop-
 erties when sample sizes are small, which
 could be a possible explanation for the incon-
 sistent findings. However, given the intense
 effort over two years needed to collect infor-
 mation for this study, attempts to generate
 larger samples, with high response rates, are
 likely to face difficulties.

 Future research

 The lack of support for reusability's effects,
 despite the attention received recently, is an
 opportunity for future research. Rather than
 concentrate on levels of reuse, researchers

 could investigate the performance impacts of
 how such reuse is implemented, e.g., whether
 it is planned for systematically, whether the
 necessary infrastructure has been put in place,
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 and whether it is integrated into the firm's
 existing culture and structure. Also, the pres-
 ence of organizational mechanisms, such as
 incentives and rewards, to encourage reuse
 could be critical for ensuring the success of
 reusability programs. Future research could
 also consider other dimensions of perceived
 competitive performance, such as product
 quality, or process performance dimensions,
 such as productivity. The selected dimensions

 need to be germane to the context being con-
 sidered. While the study's dimensions were
 derived from manufacturing strategy and soft-
 ware engineering, a different set of theories
 could emphasize other dimensions.

 Summary

 The summarized results (Table 7) suggest that
 consistent support from both the development

 Table 7. Summary of Findings

 Support From Support From
 Development Marketing Consistent

 Hypothesis Manager Manager Support for
 Number Hypothesis Statement Model? Model? Hypothesis?

 H1 Increases in

 customizability are
 positively associated Yes Yes Yes
 with increases in

 process flexibility

 H2 Increases in

 customizability are
 positively associated Yes Yes Yes
 with increases in

 process predictability
 H3 Increases in

 reusability are
 positively associated No No No
 with increases in

 process flexibility

 H4 Increases in

 reusability are
 positively associated No No No
 with increases in

 process predictability

 H5 Increases in process
 flexibility are
 positively associated
 with increases in Yes Yes
 perceived competitive
 performance

 H6 Increases in process
 predictabilty are
 positively associated Yes No No
 with increases in

 perceived competitive
 performance
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 and marketing manager models was obtained
 for three of the six hypotheses in the study,
 i.e., customizability was positively associated
 with process flexibility and process predictabili-
 ty, and process flexibility was positively associ-
 ated with perceived competitive performance.
 There was mixed support for the hypothesis
 that process predictability was positively asso-
 ciated with perceived competitive perfor-
 mance, while there was no support from both
 models for the effects of reusability on process
 flexibility and process predictability. While sev-
 eral limitations are present, the key contribu-
 tion of this study is nonetheless in developing
 and testing a model that relates software
 process engineering variables to the perceived
 competitive performance of the software firm.
 Continued research in this important area
 could help provide guidelines for how software
 firms can compete more effectively in an inten-
 sified environment.
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 Appendix A

 Questionnaire Items

 Important Note:

 This questionnaire contains several references to "software development approach(es)." By this we
 mean: the process or processes used by your organization to design, create, test, and implement soft-
 ware products and all related end-products (e.g., documentation). A "process" may consist of, but is not
 limited to, performance criteria, phases, activities, methods (e.g., tools and techniques), and personnel
 requirements.

 Perceived Competitive Performance Dimensions

 Compared to your competitors, how does your organization rate on each of the following:

 (1 - at the very bottom, 3 - in the middle, 5 - at the very top)

 Product cost efficiency

 1. Ability to produce software at low cost for current product lines
 2. Ability to charge competitive prices for software for current product lines
 3. The efficiency of software production for current product lines
 4. The productivity of your software developers for current product lines

 Market responsiveness

 1. The speed of response to new customer needs
 2. Ability to tailor software products to individual customer needs
 3. The speed at which new software markets can be entered
 4. The rate of introduction of new software products/services

 Subjective overall performance scale (Dess and Robinson 1984)

 1. Overall competitive position
 2. Return on assets

 3. Efficiency of operations
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 4. Overall financial performance
 5. Growth rate

 Process Flexibility

 Please rate the speed with which your current software development approach(es) can be used to
 respond effectively to the following compared to your competitors in the same situation:

 (1 - slower than all, 2 - slower than most, 3 - in the middle, 4 - faster than most, 5- faster than all)

 1. Quantity of developers in the labor market decreases
 2. Quality of developers in the labor market decreases
 3. Customer's software product requirements change
 4. A new market for your software products opens
 5. New competitors enter your software market
 6. Changes in the basis of competition in your industry occur
 7. New laws regulating your business are enacted
 8. Laws regulating your business are repealed
 9. New software technologies become available
 10. New hardware technologies become available

 Process Predictability

 On average, how predictable are each of the following at the start of a software development project in
 your organization?

 (1 - very unpredictable, 5 - very predictable)

 1. Actual date when project will be completed
 2. Actual developer-months that will be required
 3. Actual budget that will be consumed by the project
 4. Actual resources that will be required to complete the project
 5. Actual quality of finished software
 6. Actual functionality of finished software

 Reusability

 On average, please indicate the extent to which, and the percent of which, each of the following con-
 sists of reused components. (Note: Do not include components reused from previous versions of the
 same product.)

 (1 - not at all, 3 - to some extent, 5 - to a great extent)

 1. Requirements specifications 1 2 3 4 5 %
 2. Design specifications 1 2 3 4 5 %
 3. Software code 1 2 3 4 5 %
 4. Test data 1 2 3 4 5 %
 5. Documentation 1 2 3 4 5 %

 130 MIS Quarterly/June 1998

This content downloaded from 130.149.253.161 on Mon, 03 Sep 2018 16:54:47 UTC
All use subject to https://about.jstor.org/terms



 Customizability and Reusability

 Customizability

 Please indicate the extent to which you agree or disagree with each of the following statements:

 (1 - strongly disagree, 3 - neither agree nor disagree, 5 - strongly agree)

 Our software development approach(es) are such that they

 1. can be used effectively for a variety of projects
 2. can be customized by individual project teams to suit their context
 3. permit a range of responses to different types of requirements
 4. permit a range of responses to different types of technologies
 5. can be adapted to the quality goals of individual projects
 6. can be adapted to the productivity goals of individual projects
 7. can be adapted to the suit the resource levels available to individual projects

 Mechanisms to Encourage Reuse

 Please indicate the extent to which the following mechanisms have been developed in your organiza-
 tion to encourage reuse of the types of resources listed above:

 (1 - does not exist, 3 - exists for some projects, 5 - exists for all projects)

 1. Reward system for creating reusable resources
 2. Reward system for reusing existing resources
 3. Library of reusable resources
 4. Reusability as formal part of employee performance evaluation
 5. Reusability as formal part of software development approach

 Appendix B
 Purification of Measurement Scales

 Construct Validity

 Construct validity refers to the possibility that the measurement scale for a construct can be construed
 in terms of more than one construct (Cook and Campbell 1979, p. 59) and is particularly important to
 assess in survey research. Exploratory factor analysis using varimax rotation for the measurement
 scales of customizability and reusability pooled together showed that all the customizability items
 loaded on one factor (Table B1). However, the reusability items loaded on two factors: one described
 the percentage reusability of outputs such as requirements and design specifications, while the other
 described reuse of outputs such as software code, test data, and documentation. The first correspond-
 ed to reuse of outputs from the initial stages of software development and was labeled "front-end
 reusability" whereas the latter corresponded to outputs from later stages and was labeled "back-end
 reusability."

 Exploratory factor analysis using varimax rotation for process predictability and flexibility pooled togeth-
 er (Table B2) revealed four factors, with all the predictability items loading on one factor, and the flexi-
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 bility items loading on three (instead of five) factors. Further inspection of the flexibility factors suggest-
 ed that the labor flexibility items loaded as predicted, as did the items measuring regulatory flexibility.
 However, the flexibility items which related to the software development approach's ability to respond
 to changes in products, market competition, and technology all loaded on the same factor, which made
 intuitive sense: software and hardware technologies are the core components of the products them-
 selves and changes to them are often sources of new competition. This factor was labeled "product-
 market flexibility" for analysis.

 Exploratory factor analysis using varimax rotation for the perceived competitive performance dimen-
 sions revealed two factors (Table B3) as expected, one dealing with product cost efficiency and the
 other dealing with market responsiveness. However, two items had to be deleted from the scale for
 market responsiveness because they loaded instead on product cost efficiency. To further validate
 these dimensions, a factor analysis was conducted of items for process predictability and product cost
 efficiency pooled together, and another with items for customizability, process flexibility, and market
 responsiveness items pooled together. The results suggested that these constructs were conceptually
 distinct from one another.

 Reliability

 Reliability assesses the stability of the instrument over various conditions and has traditionally been
 given by the Cronbach alpha coefficient which measures the internal consistency of the scale items. In
 this study, all the reliabilities ranged from 0.80 to 0.97 (Table B4).

 External Validity

 This concept refers to the extent to which the findings can be generalized to or across time, persons
 and settings (Cook and Campbell 1979, p. 39). Low response rates typically compromise external
 validity of the findings, and are a major source of bias in survey research. While this study's relatively
 high response rate (58%) suggests that nonresponse bias was unlikely, a number of tests to study
 external validity were nevertheless conducted. External validity would be enhanced if the sample itself
 was not systematically biased with regard to key characteristics such as organization size (number of
 employees, annual sales volume), years in business, number of projects completed each year, extent
 of outsourcing, and number of new products introduced each year.

 Basic statistics (Table 1) suggest that the sample had wide variation in organizational characteristics:
 the number of years the firm was in business ranged from two to 100 years, organizational size ranged
 from two to 12,000 employees, annual sales ranged from $0 to $11 billion, the number of projects
 undertaken each year ranged from zero to 400 projects, the extent of outsourcing ranged from 0% to
 80%, and the number of new products introduced each year ranged from zero to 122.

 External validity would also be enhanced if the sample did not show any systematic bias in perceived
 process and competitive performance, which would happen if only the successful (or unsuccessful)
 firms decided to participate in the study. Further analysis suggested that the means and medians for
 every performance construct except for product cost efficiency were similar and close to three (the mid-
 point of the scale), skewness was less than two, and kurtosis was less than five, suggesting the scores
 were well distributed.
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 Statistical Conclusion Validity

 This concept assesses whether there is a statistical basis for concluding that one construct covaries
 with another (Cook and Campbell 1979, p. 37) and is significantly influenced by sample size. The ade-
 quacy of sample size is dependent on the number of parameters to be estimated in the research
 model. In EQS, the parameters to be estimated are the path coefficients, the variances of the indepen-
 dent variables (including the error terms), and the covariances that are included in the model. Bentler
 (1989) suggests a sample size to number of parameters ratio of at least 5:1. In this study, the number
 of parameters to be estimated in the research model (Figure 1) were 11. Given a first-respondent sam-
 ple size of 58, the ratio (5.3:1) exceeded the minimum.

 Statistical Power

 Another important issue in MIS research is assessment of statistical power, i.e., the probability that the
 statistical test will correctly reject a null hypothesis. In this study, alpha was set at 0.05 and power (P)
 at 0.80, according to convention. Moreover, MIS research has typically had small-to-medium effect
 sizes (Baroudi and Orlikowski 1989). Based on standard effect-size values (dsmall=0.20, d ,edium=0.50,
 diarge=0.80), the expected effect size was therefore set at 0.35, i.e., the mean of small and medium
 effect sizes. The required sample size for a 0.80 power level can then be calculated to be N = 51. If
 effect size is expected to be medium (d = 0.50), the required sample size is 25. Consequently, if actual
 effect sizes corresponded to those found in MIS research in general, this study's single-respondent
 sample size (N = 58) was expected to generate adequate power. Because software companies were
 the focus of this study, medium (rather than small to medium) effect sizes were likely, since the core
 "manufacturing" process in software companies is software development. This suggested that hypothe-
 ses testing using the double-respondent sample (N = 36) would also likely have power levels above
 0.80.

 Creating Composite Variables

 Three of the constructs used in this study, i.e., reusability, process flexibility, and perceived competitive
 performance, were multidimensional. The score for each of these constructs was obtained by taking
 the first principal component from a principal components analysis (PCA) of the underlying dimensions
 (Table B5). PCA, rather than second-order factor analysis, was the data reduction technique to use
 because of the formative (instead of reflective) relationship between the dimensions and the construct,
 e.g., increases in the scores for any one dimension need not always result in increases in scores for
 the others. The first principal component for process flexibility represents the software development
 approach's ability to respond to changes primarily in products, competition, technologies, and regula-
 tion, rather than in labor supply/demand conditions.
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 Table B1. Factor Analysis-Reusability and Customizability

 Customizability
 Back-End

 Reusability

 Percent reuse of requirements specs 0.04 0.30
 Percent reuse of design specs  -0.02  0.26

 Percent reuse of software code 0.05

 Percent reuse of test data -0.03

 0.33

 0.05

 Percent reuse of documentation  0.39

 Can be used effectively for a variety
 of projects  -0.01

 Can be customized by individual
 project teams to suit their context

 Permit a range of responses to
 different types of requirements

 Permit a range of responses to
 different types of technologies

 Can be adapted to the quality goals
 of individual projects

 Can be adapted to the productivity
 goals of individual projects

 Can be adapted to suit the resource
 levels of individual projects

 0.10

 -0.04 0.10

 0.19 0.21

 0.14 -0.06

 -0.21 -0.23

 0.04 -0.09

 -0.29 -0.01

 Measurement Item
 Front-End

 Reusability
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 Table B2. Factor Analysis-Process Predictability and Flexibility

 Process

 Predictability

 Predictability of actual date of
 completion of a project

 Predittability of actual developer-
 months for a project

 Predictability of actual budget required
 for a project

 Predictability of actual resources
 required to complete a project

 Predictability of actual quality of
 finished software

 Predictability of actual functionality of
 finished software

 Flexibility when quantity of developers
 in the labor market decreases

 Flexibility when quality of developers
 in the labor market decreases

 Product

 Market

 Flexibility
 Regulatory
 Flexibility

 Labor

 Flexibility

 0.06 0.21 0.22

 0.10 0.10 0.08

 0.14 -0.07 -0.03

 0.18 -0.24 0.05

 0.18 0.19 0.17

 v : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 0.17

 0.14  -0.06

 0.09

 0.33  -0 07

 0.04

 -0.04

 Flexibility when customers' software
 product requirements change 0.19

 Flexibility when a new market for
 software products opens 0.02

 Flexibility when new competitors enter
 software market 0.12

 Flexibility when changes in basis of
 competition in industry occurs 0.11
 Flexibility when new laws regulating
 business are enacted

 Flexibility when laws regulating
 business are repealed

 0.07

 0.12

 0.15

 0.12

 Flexibility when new software
 technologies become available 0.27

 Flexibility when new hardware
 technologies become available 0.13

 0.40  -0.02

 0.21 -0.13

 0.05 -0.13
 _

 -0.04

 0.04

 -0.02

 -0.08  0.21

 -0.16 0.13
 I
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 Table B3. Factor Analysis-Perceived Competitive Performance Dimensions

 Measurement Item Product Cost Efficiency Market Responsiveness
 Ability to produce software at low
 cost for current product lines 0.72 -0.04

 Ability to charge competitive prices
 for software for current product lines 0.62 0.30

 The efficiency of software production
 for current product lines S79t 0.42
 The productivity of software
 developers for current product lines 0.0.39
 The speed of response to new
 customer needs* 0.85 0.16

 Ability to tailor software products to
 individual customer needs* 0.60 0.17

 The speed at which new software
 markets can be entered 0.17 ::0.90o
 The rate of introduction of new :i
 software products 0.21 0.88:

 *Deleted from subsequent analysis.

 Table B4. Basic Information on Constructs and Dimensions

 Number Standard Cronbach

 Construct Dimension of Items Mean Deviation Alpha
 Customizability 6 3.7 0.76 0.88

 Front-End Reusability (%) 2 22.0 23.5 0.97
 Reusability Back-End Reusability (%) 3 32.6 22.4 0.83

 Labor Flexibility 2 3.2 0.72 0.80

 Process Flexibility Product-Market Flexibility 6 3.4 0.59 0.84
 Regulatory Flexibility 2 3.3 0.72 0.91

 Process Predictability 6 3.1 0.84 0.88

 Perceived Competitive Product Cost 4 37 0.68 0.81
 Performance Efficiency

 Market Responsiveness 2 3.0 0.76 0.83
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 Table B5. Principal Components Analysis

 Principal Component Percentage Variance Explained Component Variables Weight

 Reusabiliy 7% Front-End Reusability 0.71 Reusability 77%
 Back-End Reusability 0.71

 Labor Flexibility 0.01
 Product-Market

 Process Flexibility 42.6% PFlexibity Flexibility 0.71

 Regulatory Flexibility 0.71
 Product Cost

 Competitive 76.3% Efficiency 0.71
 Performance Market

 Responsiveness 0.71
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