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Software Development Life Cycles and Methodologies:
Fixing the old and adopting the new

Sue Conger
University of Dallas

ABSTRACT

Information Systems as a discipline has generated thousands of researchygapers
practice still suffers from poor-quality applications. This reseaaluates the current
state of application development, finding practice wanting in a number of areas.
Changes recommended to fix historical shortcomings include improved management
attention to risk management, testing, and detailed work practloesddition, for
industry's move to services orientation, recommended changes incl@diepdesnt of
usable interfaces and a view of applications as embedded in the larger bigsingesss
in which they function. These business services relate to betbeseprovided to parent-
organization customers as well as services provided by the informeationology
organization to its constituents. Because of this shift toward seovientation, more
emphasis on usability, applications, testing, and improvement of underlyingsproc
guality are needed. The shift to services can be facilitated by addgtiets of IT service
management and user-centered design and by attending to service delivery during
application development.

Keywords: Software development life cycle, methodology, IT ss¥vhanagement,
user centered design, usability, user satisfaction

INTRODUCTION

Information Systems as a discipline is over 60 yeats@Ver that time, practices
have been created and forgotten almost as fast #sctin@ology has changed. An
enormous amount of research has produced thousands a€hgsapers relating to
information systems development, with many seminadkihroughs by luminaries such
as Avison, Bjorn-Anderson, Boehm, Booch, Brooks, Cleeuk| Codd, Date, De Marco,
Dijkstra, Fitzgerald, Gregor, Hoare, Jackson, Lyytineayti, Mumford, Osterweil,
Parnas, Rumbaugh, Schneiderman, Weber, Yourdon and niearg.ot

Even with the thousands of research projects, thk tesmord of information
technology (IT) in organizations is dismal. The “ITg2etment is a source of tremendous
frustration, missed opportunity, and inefficiency in compsih{Baschob and Piott, 2007,

Page 1
CREEE|Sprouts - http://sprouts.aisnet.org/10-172

vl

sinoxdg|-



fec)

p. 11). By one report in 1994, 53% of projects overran origicla¢dules by an average
of 222% (Baschob and Piott, 2007). In addition, 31% of prejeetre cancelled.
Completion of projects on time and within budget in lazgmpanies was 9% and only
42% or all projects delivered planned benefits (BascholP&it 2007). The situation is
such that the IT-business relationship is characterizédstge in many situations (Agar,
et al., 2007; Cuyler and Schatzberg, 2003).

Even with the huge body of research, some IT failaresdue to goals that
outstrip the techniques and technology of the time. dBs&e for greater software
integration across enterprises, use of leading-edgedlecis, and increasing
complexity of IT operations technology all have cdnited to project failures (Boehm,
2006).

Accompanying the technological aspects of applicatioaisdbntinuously change
and get more complex, business too is changing. The caehranges business is
undergoing are to servitize business operations such thatahysoducts are
accompanied by, or embedded in, revenue-generating servieemaolve to services in
the U.S. economy alone is such that over 85% of tbeazay is involved in service
delivery of some type (Gallagher, et al. 2005). As alteduthat supports business
service delivery has become desirable.

At the same time that service orientation is becgnmmportant in business, IT
Departments are under pressure to demonstrate their vahegrtorganizations.
Statements like, ‘do more with less,’ ‘learn to runlikKe a business,’ and ‘join the rest of
the company’ demonstrate the pressures on IT organizg¢tGamger and Schultze, 2008;
Cuyler and Schatzberg, 2003). This confluence of pressuregyecbéemphasis, and
history of failures is useful to force self-reflection the profession to determine its next
steps to develop a better rapport with its customerzove the quality of its offerings,
and demonstrate its value to its parent organization.

This paper reflects on the history of software developraedtits role in the
present state of IT in organizations. The discussiondes on software development life
cycles (SDLC) and methodologies and their roles ancoowgs as contributing to the
pervasive failing state of IT. Key successes and failingso@ntified to establish a
baseline for discussion of how to remedy past weaknasgkesnprove to address current
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needs. Then, tenets of design science are adapted toasipplidevelopment issues to
discuss needs for changes in practice to adapt taugiedss shift to services. The
outcome is a series of recommendations for acadenatprofessionals to reinvent IT to

develop holistic IT services to align more closely ® basiness services they support.

SDLCs and Methodologies
The most common way of thinking of the SDLC is theesfall model within

which phases of activity are defined based on the thoughegses required to conduct
the activities (see Figure 1) (Royce, 1972). Output of pheke is input to the next
phase. Phases historically included the following withkiefocus in parentheses:
feasibility (readiness), analysis (what), design (haletailed design (how), coding and
unit testing (technology), testing (correctness), amaleémentation (transition to
operation). On-going maintenance accounts for about 8G# application’s life cycle
cost and follows each phase but with a narrower sdgrethe whole application. In this
model, application development ceases at implementatii little attention to use of

the application in its various contexts.

easibili
Analysis

Requiremen
Analysis

Detailed Design
ode & Unit Test]

Figure 1. Waterfall software development phases (Adapted Royce, 1970)

The traditional waterfall outcome is an entire appicca Waterfall alternatives
are iterative, non-sequential ways of performing the wadk ss spiral, prototype, and
agile (Boehm, 1998; Beck, et al., 2001). Waterfall alteveatare non-sequential
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development sequences, by which waterfall steps areafopartial functionality with
iterations until all functionality is automated. Baththese views of application
development focus on application functionality, as gggao other aspects of the
application such as its operational environment, its usglol its social context. Some
authors consider SDLC and prototyping as methodologies A&iggn and Fitzgerald,
2006), while others view them as skeletal guidelines withirtkvimethodologies operate
(Conger, 1994). The latter view is taken by this research.

A methodology is the tenets, tools, philosophy, and so ootdimw to approach
problem analysis and design. Within a life cycle stageethodology guides the work
via tools and techniques, focusing analysis on a specifecaspthe work (See Figure 2).
Commonly used methodologies foci include process (DeMat8@8; Yourdon and
Constantine, 1975), data (Jackson, 1975; Martin, 1991), objectsb&bn, et al., 1999),
or stakeholders and the social context (Checkland, 1981).

Criticisms of all of these life cycles and methodasgabound. The most
condemning statement is that they appear to make no diffete the resulting quality of
an application (Avison and Fitzgerald, 2006). Another as @very focus on one aspect
of an application results in ignoring, constrainingassuming other aspects of the
application (Boehm, 2006; Suchman, 1983).

Research on application and software development,oaekbgies, and SDLC,
has led to many discussions of what is wrong with lilddeyand methods and invariably,
what is next (Avison and Fitzgerald, 2006; Fitzgerald and)&iedd, 1999). One answer
to that issue is the addition of service perspective tallpathe economic changes to
service orientation. Yet, to add new requirements on tdailofg work is illogical.
Therefore, further assessment of the successes ameédaf SDLCs and methodologies
is needed to determine what is needed to improve applicgi@lity.

Figure 2 summarizes the SDLCs and methodologies to figeimgir focus and
perspective as these constrain how the problem is pedcand, therefore, how the
problem is automated. Followers of the waterfall liyele develop whole applications,
decomposing the problem into phases that reflect the tigriar each phase. In contrast,
iterative SDLCs focus on chunks of an application &edcurrent period's functionality.
By taking a piecemeal view of applications, the iieeaSDLCs often result in partially
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built software that experiences difficulty with intagon of later-developed functionality
(Abrahamsson, et al., 2002; Boehm, 2006).

Soft Systems methods originate from Checkland (1981) anekpemded by
Wood-Harper and others (Doyle, et al., 1993). The focu®®fS/stems is the social
system as a basis for change that results in an appiic The Soft Systems approach
views application development as a cultural activity issie of as many stakeholders as
can be accommodated, and therefore, can drag on withagreps for long periods.
Contradictions arise when different groups air themnares and the contradictions can
be difficult to resolve (Mathiassen and Nielsen. 198%cecomplete, Soft Systems
applications result in high levels of user satisfac{@heckland, 1981). Soft Systems
highlights the importance of situated work that requitesnéion by IT of both the

automated and non-automated aspects of the work (Suchman, 1983).

Life Cycles Methodologies
Charact- | Sequential Iterative Soft Systems | Process,
eristic SDLC SDLC-- - Methods — Data, Object
Prototype, Method —
Agile
Purpose Design and Focus on Focus on Focus on area
implementation | functionality contexts and of interest
of work support | and/or timing of | stakeholder
systems delivery rights
Goal Complete On time, short- | Contextualized | Focus on area
functionality term delivery of | design of complexity
partial to ensure its
functionality correctness
Perspective| Design thought| This period’s Organization, Functional
processes functionality information, quality of the
technology, and | most complex
socio-technical | aspect
aspects of the
problem

Figure 2. Perspectives from Life Cycles and Methodologies

Process, data and object methods are grouped becausd theysahttention on a
key area of complexity in the application as functibyadata, or objects, respectively.
Object methods have matured somewhat and morphed intoesengnted architectures
(SOA) but object concepts and focus do not change in SGA. fAcusing mechanism,
these methodologies function as intended. Howevesethethodologies constrain
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thinking in the same way as the SDLCs and other metlwdsgh the very focus they
seek. By focusing on functionality, the social systemterface design, or other aspects of
an application may be ignored.

All of the SDLCs and methodologies in Table 2 havetsloonings as a group in
that they provide tools and techniques without providing an dwdratklist of what
should be evaluated and considered within the context éi€appns development.
Moreover, the SDLCs and methodologies alone do notayies about how to fix the
failures of application development let alone how to inaprib to deal with today's
application needs. The next section looks at succassefilures in application
development practice to determine the characteristicsd needed in successful
applications.

APPLICATION DEVELOPMENT

With all of the failures of information systems, wangetimes forget that there are
also impressive successes. The aerospace and defensedadiaste sent and returned
people to the moon and kept bombs from exploding befonetiime. Virtually every
home device has imbedded computer chips, which run appliantssauiify our lives.
These successes have many characteristics in coniiese characteristics may vary by
type of application but some characteristics crossegifn types.

Successes in Application Development
Systems success is best summarized by the DeLone andMstecess model

(1992; 2003; and Petter, et al., 2008), which found the followingtoasts of

importance:

Key Driver Sub-Char acteristics
Systems quality Adaptability
Availability
Reliability
Response time
Usability
Information quality Completeness
Ease of understanding
Personalization
Relevance
Security
Service quality Assurance
Empathy
Responsiveness
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Use Nature of use

Navigation patterns

Number of site visits

Number of transactions executed
User satisfaction Repeat purchases

Repeat visits

User surveys

Net benefits Cost savings

Expanded markets

Incremental additional sales
Reduced search costs

Time savings

Figure 3. Key Drivers of Successful Information Systesl (one and McLean, 2003, p.26 )

DeLone and McLean built on hundreds of other resgamajects to develop both
a parsimonious list of critical factors that generally &ll applications. The details of
each characteristic is beyond the scope of this papethé key drivers are of interest
because they span applications types in some formmuatiy sub-factors seeming to be
universal, as well. Three types of quality are expectetiodessful applications: System,
information and service. Systems quality refers taagh@ication in its operational
environment and the extent to which it performs at the tieeded and in the manner
expected. System quality is important because inattetttispstem quality early in the
development cycle can easily result in poor quality upgsl@mentation.

Information quality refers to the suitability and usefuthetthe data provided to
the user. Information quality in any transactional systeeds to be complete and
accurate. Similarly, relevant, secure data seem to bersaive their appropriateness
across application types.

Service quality also may be appropriate for all applicetiout in a different sense
than expressed by the sub-factors provided here. Thiastdrs in the De Lone and
McLean list are from SERVQUAL, a well researched madeervice quality in an
online environment (Parasuraman, et al., 1988). SERQUAL raefetiisonal research to
determine characteristics that fit other arenas @&uport. For instance, extensions to
SERVQUAL to adapt measures of quality from the total quatibvement might be
appropriate. In a broad services context, service quafigys to overall quality provided
by the 'system' and can include the application, help desktanaince staff, and others

in the IT Department who might interact with usenssome reason. Specifics of services
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are not yet incorporated into service quality researcheasures. Thus, a more general
view of services, which is consistent with servitiziegdts (Van Bon, 2007) indicates a
need for expansion of SERVQUAL for IT services managergaality. Gap analysis to
evaluate expectations versus attributes of objective proshetific characteristics of
service quality (e.g., help desk resolves problem duringdinstact), definition of
customer benefits, and usefulness are other potentigicaddio SERVQUAL that may
improve its applicability to information systems (Clsew Sorenson, 2007). Further,
contextualizing service concepts may lead to more acconedisures of service. For
instance, in e-commerce, service and system qualityemevioven and no known
research has teased out the nuances of their difesen

User satisfaction also is a well-researched ared bhas little research relating
user satisfaction across application types. The codtyplef attitudes and the nature of
the application types, designs, and possibly other faotaysimpact user satisfaction
(Melone, 1990). Therefore, while the concept seems nefexcoss all applications, the
details of its measurement as presently operationatized further contextualization.

The final component of applications success, net benalsts,seems to apply
across the board to all applications. The concepttdbemrefits in terms of evaluating
business outcomes is not new but has been elusive diodldtb quantify (Brynolffson
and Hitt, 2003). Research on how individual IT effortatesto, support, and ultimately
contribute to business outcomes is critical as lugsfles to remain relevant to its parent
organization (c.f., Cuyler and Schatzberg, 2003).

Thus, even though De Lone and McLean's success model andBEFR
measures appear to have significant carryover acrossatppi types, more research is

needed to contextualize their constructs (Petter,,e2@08).
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Failures in Application Development

The Frameworks Quagmire
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Figure 4. Software development frameworks c. 2000 (Doran, 0@,

By examining SDLC and methodological failures, we caskato a definition
of what leads to successful implementations. The stionihgs are not simple however,
as SDLCs and methodologies are not the only issuessétii®mn examines failings of IT
development and acquisition organizations, and therebyndatgewhat aspects, if done
some other way, could contribute to success. In additgsearch on information systems
risks also is relevant to failure discussions becamske not attended to are likely to lead

to failures of the resulting information systems.

Confusion about SDL Csand Methodologies
From a standards perspective, there are simply too mamgastls relating to

SDLCs and methodologies. By one count, there arelg@@0 methodologies alone
(Avison and Fitzgerald, 2006). This quagmire of differing desongtof essentially the
same things, all with different breadth, depth, and foisus source of significant
confusion. Figure 4 shows just standards of the Intemmatistandards Organization
(ISO), the Institute of Electrical and Electronics Eegrs (IEEE)and U.S. Department
of Defense and their intellectual linkages.

Figure 5 shows one description of the full extent to wiaibble bodies of
knowledge relating to many hundreds of methodologies andyidles proliferate
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(Boehm, 2006). It also shows the development of informatystems as a profession
that has adapted and changed to deal with the overridinglerity of each decade. For
instance, the craft of programming gave way to structuredaastiivhich morphed into
productivity-oriented frameworks, that then needed tow&hlconcurrency, increased

pressures for productivity, and eventually, global connéygtivi

Integrated systermns
& software
engineerng

——» Objectoriented
methods

—p{ Structured methods

Agile methods

Standards,
P waterfall SDLC [ ™ Maturity models
— Software factoties

- Collaborative methods,
Software craf Hvbrid-agile methods o), oo methods,

Flan-driven methods
Hardware = _code and fix / Enterprise

endineering _hero operation : %U”Cg:rrl;arr;tééissak- / architecture
Formal, \ Rapid composition

M logicmethods [ Evolution
enviranments

Wi

Diomain-specific
SV architectures,
productline reuse

S0A, model-driven
development

Dormain || 4GLs, CADICAM, |— |
—»  understanding User programrming

1950 1960 1970 1980 1990 2000 2010

Figure 5. Progressive development of methodologies andcyiides (Adapted from
Boehm, 2006, p. 16)

As these figures depict, the linkages and profusion of fnares foster
confusion more than understanding. Companies trying to deermhich, if any,
method or SDLC is right for a single project ofteramdion the search when faced with
the variety of available choices. Some authors recemdmevaluating the suite of
alternatives to develop the set of techniques, toodscyitle, and methods that best fit the
problem (Brinkkemper, 1996). But, as a result of confusioninglab the plethora of
tools, techniques, methods, and so on, companies thaedoaibodologies often select
one, using it as the guiding outline for all project workisTpractice leads to the second
major shortcoming: Practice failings.

Practice Failings
Several practice failings are discussed in this sedtiost, the use of a single

methodology to guide all project work is a failing becaisee is ‘no silver bullet’ and
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no one SDLC or methodology can usefully guide the wagétvork done in a typical IT
development department (Brooks, 1975, 1987).

Second, practitioners do not do a good job of practicingf vehtaught or
researched. As many as 50% of programmers have lesothayears of college, are
overwhelmed by their work, and do not use good softwaresigreractices (Boehm,
2006). The same applies to newer disciplines, such asestred design (Hgegh,
2006; Mai, 2005)

Third, many risks attendant on development projects aceeégl. Major project
practice risks relate to realism of schedule and budBetshfn, 1981; insufficient user
involvement (Dodd and Carr, 1994); insufficient attentiofutational complexity
(Boehm, 2006; Ewusi-Mensah, 2003); inability to learn from faaktres (Lyytinen and
Robey, 1999); insufficient attention to user interfaceilnd Carmel, 1995); problem
avoidance (Keil, 1995; Sherman, et al., 2006); inabilityotatio| project scope (Boehm,
1991; Ewusi-Mensah, 2003; Markus and Keil, 1994); and lack of adetgpeatacal
skills (Boehm, 2006; Ewusi-Mensah, 2003; Sumner, 2000).

Development practices and failure to manage risks argnaanly failing. Most
companies do not follow any methodology or life cycleeyreimply use the same tools
and practices they have used in the past, much like usiagnanér to fit a screw because
it is the tool that is known. Such uses of methodsdbatot fit the problem are known to
contribute to project failures (Boehm, 2006; Brinkkemper, 1994; bt al., 2005).

Agile has recently been touted as a life cycle pinavides productivity with less
formality than past methods and life cycles. It prosidauseful example of the

shortcomings that are present to greater or lesser degretber methods and life cycles.

Many practitioners of the current fad Agile do littlerar requirements definition before
beginning to code (Abrahamsson, et al., 2002). In additi@ne are several different
methods within the "agile’ life cycle and each istlaiin some way. For instance, agile
spreadsheet development (ASD) focuses on concepts aackaather than on
functionality and correctness; extreme programming @@elops no overall view,
making integration of final products difficult; rational tied process (RUP) does not
provide details on how to obtain requirements or howikar tiss methods for a given
project type; and Scrum details 30-day release cycles budps no integration or
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acceptance testing in its methodology descriptions (Abnakan, et al., 2002). In
addition, many practitioners of agile methods selenpk, easily implemented
functionality as the early project work to provide fasharound and build rapport with
their clients (Boehm, 2006). However, they then missctmplexity of later
functionality and experience difficulty integrating qolex functions after-the-fact
(Boehm, 2006). When this functionality affects the uskarface, projects are more
likely to be cancelled (Markus and Keil, 1994).

Application Development M anagement |ssues
Developers are not alone in their application devekgrfailings. Managers also

are less attentive to application development thadewé& ensure their success (Sumner,
2000). The role of a project manager traditionally haslzes the most senior technical
person who also has managerial duties for the projectg€r, 1994). For instance, the
project manager and key technical staff decide the methgyldlee life cycle, the tools,
and the resources needed for the project. In additierprisject manager, with key staff,
develops the work breakdown, project plan, and skillselédor each task. The project
manager is the main client liaison. In this role, phgect manager attends the
requirements elicitation meetings, sometimes as talystngaining the understanding of
the required functionality. In addition, the project m@er is the official communicator
of project status, problems, and work. Thus, the rolerasy gate-keeping functions
that provide for filtering information (Keil, 1995), gainingmmitment of other
managers and user management (Sumner, 2000), and hiring oefmplgyees from a
project (Conger, 1994; Sumner, 2000).

Risks associated with the managerial roles include sdhggdbldgeting,
assignment of personnel, management of personnel, amgquditsufficient IT resources,
dealing with training needs of assigned staff, ensuring serfticiser involvement dealing
with problems as they arise, and controlling scope ci@ephim, 2006; Ewusi-Mensah,
2003; Markus and Keil, 1994; Sherman, et al., 2006; Sumner, 2000)e Bxtent that
these risks are not attended to, project success bedesadikely.

Thus, from analysis of failures, if the wrong people dowinong things, use the
wrong methods and techniques, and do not attend to the ngoemsaty of complexity,

application success is unlikely. Fixing these problems solikeda simple matter of
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attention to details but there is an elusive 'sweet spptoject contextualizing that needs
further research to become fully articulated (Conget0c).

KEY ISSUES IN FUTURE APPLICATION DEVELOPMENT

This section takes a design science perspective of tine foéeds in IT systems
design to address the shortcomings and incorporate the/@@spects of application
development from the previous section (Hevner et al., 2@834adapting the seven
guidelines from Hevner, et al. (2004) all aspects of futuseegys design are evaluated to
identify repetitive themes of application developmé@itite themes are used to develop
the key issues for future systems design.

Systems Artifacts
Application systems are the key artifacts that derneefthe development

process (Guideline #1, Hevner, et al., 2004). However, cgritvavhat is taught in most
systems analysis and design (SAD) texts, the systenid not be the sole focus of
development.

The perspective needs to shift from application-as-end tacapph-as-imbedded
component within work service systems (see Alter, 2013).tWo work systems of
interest are the one that serves the main businegegmiand the one that supports the
operational application within IT. One way of alterimg tSDLC is to review each area of
operational support needs during each phase of the chfeseyclie to determine the
applicability of the various services activities (Gupta, 2008)particular, during
requirements elicitation, the non-functional requieaits should be defined for security,
reliability, accessibility, application support, and cafya¢o name a few. The purpose of
application development then shifts to become the dgliwelT-based work support
capabilities that provide measurable business value witternvacss delivery context.

ISO/IEC 15288:2002 for application development is appropriate tataithis
shift (ISO/IEC, 2002). The standard identifies not onlyfthrectional application
requirements for its focus but also advocates consideraf key operational aspects of
applications during development. For instance, the phagée standard include concept,
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development, production, utilization, and support (ISO/IEI2). Each phase contains

activities that look forward to the ability to operate #pplication as shown in Figure 6.

Phase

Application Activities

Operational Activities

Concept

“The preparation and baselining of
stakeholder requirements and preliming
systems requirements
(technical specifications for the selected
system concept and usability
specifications for the envisaged human;
system interactions)” (p. 44)

Initial specification of
rynfrastructure (p. 44)

Development

Technical data package, including as
appropriate: 1) hardware diagrams,
simulations; 2) software design
documentation; 3) production plans
training manuals for operators; and 6)
maintenance procedures (p. 45)

Refined objectives for the
production, utilization, support,
and retirement (p. 45)

Production

It is presumed that the organization ha
available the production infrastructure,
consisting of production equipment, too
procedures and competent human
resource (p. 45) to operate the applicati

sOutcome packaged product
transfer to distribution channels o
sgustomers (p. 46)

on

Utilization

The application is "installed and used a
the intended operational sites” (p.46).

I The application is "installed and
used at the intended operational
sites” (p. 46).

Support

"The Support Stage begins with provid
maintenance, logistics and other suppo
for the system operations and use" (p. 4

ngupport includes " Maintained

rtsystem product and services and

1 Ihe provision of all related supporn
services " and " logistics, to the
operational sites” (p. 47)

—

Figure 6. Application and Operations

Activities (ISO/IE2002)

The ISO/IEC 15288 standard is too generic to guide all actwtie it does

provide a checklist of major items for considerationmyeach phase of development. If

coupled with ISO/IEC 20000-1, the standard for IT service gemant, anticipating the

needs of the operational environment at each stage mpgksation compatibility with
the service in which it is imbedded more likely (ISO/IR0D05).

Problem Relevance
In this discussion, relevance (Guideline #2, Hevnerl, e2@04) relates to the

business need for the application and the extent to wiicheed is met. This broad

definition moves focus from the application artifaxits situated operational context and

includes all aspects of support for applications use in addii its development quality.
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Financial Relevance

A cost-benefit analysis of the application that untds risk assessment and
mitigation strategies, work breakdown and project plad,an analysis of the expected
financial payback are assumed. As many as 80% of project®aceived and begun
without any planning beyond what is due in a given time frédherlein and Sampaio do
Prado Leite, 2002). Without expected benefits, applicatiewvaace can easily be
sidetracked.

In addition to developing application expectations, iogiiementation audits
and performance measures should be conducted to determitieetpayback is, in fact,
gained. However, 80% of U.S. companies have no post-imptaten audit (Levinson,
2003) and 84% of U.S. companies do not report metrics on falgeformance. One
study of seven countries found that at least 67% of conpdimenot measure IT value
of any kind (Infosecurity.com, 2009).

Business Process Relevance

The relationship between business processes and autommatiGupports them is
not a well researched area. By focusing on applicatioiact development and ignoring
its operational context, the solution is likely subtmatl (Conger, 2010b; Checkland,
1981). In addition, automation without process managemdikelg to yield no payback
to the parent organization while process design precediognation can yield a 20%
return (Dorgan and Dowdy, 2004).

Processes are the heart of services; they arefdotebetween the strategy and its
execution" (Goldenstern, 2010, p. 6). With this crucial rol@dénstern recommends
that software should conform to an optimized processifatdes should be simple and
managed, reliance on time and resolution in support actasistraining, and service
training all should be developed. Outcomes of these sféwet rewarded with an average
18% reduction in incident resolution times and a focus ovigirgy customers the 'best’
service (Reichheld, 2003), improved customer satisfactiorogatty, and sales
(Goldenstern, 2010). In addition, process "standardizatitynenables leverage,"
leading to reduced cost of creating applications by 50% to 86i% taoosting
companies' ability to bring new products to market fastery, 2009, p. 1). Process
standardization can generate repeatable outcomes fideddevel of quality. Processes
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need to be viewed, not as stand-alone any more than Bra#ipp is stand-alone, but as
embedded within a service context that delivers valuectot@janization's customers.
The notion of process as embedded in a service is discusgetsection on contribution.

A focus only on the business process of an applicatiansignoring the support
processes needed by IT staff. Some authors argue fooaduofituser interaction analysis,
non-functional requirements, and change managememipt@ve software quality
(Conger, 2010b; Eberlein and Sampaio do Prado Leite, 2002; Q00&:, Pollard and
Cater-Steel, 2009). For example, standardized messagédetiizy failings in an
application should be designed and used across applicaiismplify help desk outage
resolution (Gupta, 2008). This implies design of two typesrafr messages -- those for
business users and those for IT users. In addition to shepde changes, definition of
standard processes for the IT function that incorp@e@taces perspectives should lead
to improved application quality both for the business thoncand for IT operations

support functions.

Development Rigor
Rigor in Hevner, et al. (Guideline #5, 2004) refers to resaajoh while herein

the rigor is directed at application development andgesational instantiation. System
quality is the focus of this discussion.

System quality has been viewed from several perspectlasg to the overall
system, application, and its information. System qualityerms of operations refers to
reliability, availability, accessibility, security, dmompliance (Gorla and Lin, 2010; Van
Bon, 2007). Application quality relates to effective develept and deployment of
applications (Arnott and Pervan, 2008); reliability, edsgse, and usefulness (Gorla and
Lin, 2010); and completeness, consistency, simplicitgaifring, flexibility,
sophistication, reliability, customizability, and functaity (Guimaraes, et al., 2009;
Petter, et al., 2008). Information quality charactesstelate to accuracy, completeness,
currency and format (Nelson, et al., 2005).

System quality research is an expansion of applicg@fity that includes
characteristics of operational, information, and sergicality as contributing to overall
guality perceptions (Arnott and Pervan, 2008; Gorla and20ap; Petter, et al, 2008).

Key facets of application context are omitted by fgjlio evaluate the human-computer
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interface or the variety of users from business usefE operations users and Help Desk
staff (cf., Guimaraes, et al., 2009). Yet, no comprekergefinition of system quality in
all of its contexts has emerged. Operational quality ptasefor instance, the IT
Infrastructure Library (ITIL) (Van Bon, 2007), is not discedsn texts on systems
analysis and design. Nor do the frameworks and standatmctlude operational

quality describe how best to design applications for dea or service quality. These
are areas for future research. As a result, systentyqonaeéds careful definition for each

application context to ensure that the developmentiées address all requirements.

Systems as Search Process
Thinking of a system as a search process (Guideline #@\ereet al., 2004)

leads to discussion of innovation and improvisation énapplication development
activity.
Innovation

Innovation relates to the introduction of processesdaets, tools, techniques, or
technology that is new to an organizational settingggertt and Conger, 1995).
Innovation is a key CIO priority (CIO, 2009). Innovatierviewed as integral to
information systems since the IT function is generalbked with bringing new
technologies into the organization. Innovation redeagelating to IT usually refers to the
adoption of technology. Most studies relate to organimatiadoption that omits or
minimizes the role of IT organizations in the adoppoocess (Prescott and Conger,
1995).

Innovations in IT units can be either technology orcpss related. Of six such
studies, five relate to individual adoption of a technolagg one relates to general
database machine innovation (Prescott and Conger, 19953h0Oreoming of research
on IT innovation is that research on adoption and @isew techniques, methods, design
ideas, frameworks and other process-related innovatidaskisig. As a result,
innovation impacts on the IT organization remain largeknown.

Changes to life cycles for innovation are also mostgsing with the exception
of environmental innovations. Environmentally sustainablevations are the "IS-
enabled organizational practices and processes that impnerenmental and economic

performance" (Melville, 2010, p. 1). Evaluation of outsing, co-production, and
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environmentally improved technology for any new applicatian reduce its
environmental impacts (Conger, 2010b). Altering applicatioreldgwment to include a
life cycle analysis of the application's environmentglacts and mitigating or negating
the impacts to the extent possible is also suggestelti(li®le2010). Such altering of the
life cycle might be done for any innovation, but the emunental innovation
recommendations demonstrate opportunities to develop innoataption research and
practice for IT applications beyond its present state.

I mprovisation

Improvisation is comprised of extemporaneous processes taseghertise that
serve as coping mechanisms (Ciborra, 1996, 1998). Improvisstimportant in
information systems development because regardldsswo§tandardized a process is,
unexpected events, outcomes from prior decisions, aimhadiy project members
require constant evaluation of impacts and adjustnfesthedule, outcome definition, or
budget, as needed.

While improvisation is needed, the result still nee@srdguisite discipline of any
planned activity (Ciborra, 1998). The balance between imgation and standardization
is precarious but the outcomes of both require knowleddel@nipline to develop
purposefully designed artifacts (Hevner, et al., 2004). Mesearch on the nature,
idiosyncrasy, and manageability of improvisation is needechderstand how it works in
IT applications sourcing.

Design Evaluation
This section discusses design evaluation for applicatstems in terms testing

and walkthroughs (Guideline #3, Hevner, et al., 2004)

Walkthroughs are structured meetings for finding errorsgnirements, designs,
code, test plans, or other system artifacts (conger, 19%dktthibughs are successful at
finding significant errors and, by having the errors coe@cluring the development
process, walkthroughs significantly reduce the cost ofppdication. The estimated
annual cost of software defects is $59 billion, of which $2Bbicould be avoided
through walkthroughs (Rombach, et al., 2008). Only about@&x@mpanies practice
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any type of walkthrough, providing a significant opportunityiferadoption (Rombach,
et al., 2008).

Testing is the art of finding problems in code (Myers, 1978%ting as an area of
application activity can focus on everything from individoatle modules to stress
testing to find limits of an application's use. Problearsmelate to functionality,
formatting, lack of relationship to requirements, linmtsconstraints, security, usability,
and performance, to name a few (Myers, 1979; Kaner, 2001, 2088y. organizations
have a quality assurance function that develops accepesises a gate keeping
function for the client organizations.

Testing failures are well known and some of thosefed lead to tragedy.
Between 2008 and 2010, "system vendors reported 260 systemegtialfarihat caused
44 injuries and six deaths" in a single application (Bne2010, p. 1). Most applications
enter their production state with known errors and mapjiGations experience errors
throughout their productive lives (Baschob and Piott, 2007).

There is little agreement on many issues in testindydirgy the following. What
constitutes testing? Are there testing 'best practitealPtesting contextual and unique?
Should waterfall or agile be used as the overall mtmded/hen testing should be done?
Should testing focus on functionality or usability oms&thing else? Are scripts the best
method for testing (Kaner, 2001, 2003)? The ultimate go@sbing research is fully
automated testing but that remains an elusive dream anp(Bgetolino, 2007). In
addition to needing more research, testing is a subfest left out of programming
classes beyond getting syntax and logic of simple pragtamork. As a result, while
testing sophistication has increased measurably in theefagears, most practitioners do

not know about that progress (Bertolino, 2007).

Organizational Contribution
While Hevner, et al. (Guideline #4, 2004) address researchhuditn, in the

context of application quality, thinking of organizationahtribution is more appropriate.
Completing an application is insufficient to develop atdbution. Rather, the
application in use, must comply with all of its neetise irony of the prior statement is
that application developers tend to think of 'needs' asfongtional requirements.

Rather functional and non-functional requirements acessary, as are requirements for
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more ephemeral aspects of contribution such as sinypliedrnability, and so on
(Nielsen, 2000). To determine value added to an organizationu$t measure and
manage its activities, particularly those that deterranganizational success. Current
thinking on these operational activities is that takingraises orientation that mirrors
the services orientation the organization seeks to pevidclead to value-adding
outcomes for IT. This section develops the concepsgiice orientation and discusses
it in the context of the IT operations environment.

A 'service orientation' is one in which the organizapoovides intangible service
thus, generating value to its customers. Value includey cl@aracteristics for instance,
need satisfaction, prompt and friendly interactions, mmimal clicks on a web site
(Conger, 2010c; Deloitte, 2002). A service design takes a dgfimeess and situates it
in a governance and management structure, defines nuntbaature of work for
multiple locations, defines software, data, and IT resaupport for the functions and
roles, and defines service levels for customer delivertyuding response time, service
desk response time, and so on (Conger, 2010a). This diffengypical application
design by defining the application plus its customer canpdxs its IT contexts for on-
going operation. Services are composed of key componenisility and warranty.

Utility addresses the traditional functional aspedtspplications and conduct of work
(Conger, 2010a). Warranty addresses the non-functionahdreasingly important

aspects of IT work. Examples of warranty include comguawvailability and reliability,

response time for a service request, response timariplesoutages, etc. Services have a

life cycle that parallels the business product life cylmdgyinning with business strategy,
progressing to initiatives, tactics, processes and produradsproduction. ITSM life
cycle mirrors this business life cycle and shoulduby integrated and part of each step
of the business service life cycle, from strategy fdation through retirement (Conger,
2010a).

Moving to a service orientation is not without cost. 8arfithe key costs relate to
training, travel, and communications for project teanmimers involved in design and
implementation of the services efforts. Understandirfpa@mmunicating semantic
nuances of terminology and getting to an understandindhaf ivmeans to deliver a
service is an early challenge (Winniford, et al., 2008ining and communications
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costs extend to anyone touched by or managing services sh&igaging culture to a
service-orientation is a difficult aspect of serviadsption and also adds to service
adoption costs (Conger and Picus, 2009).

ITSM innovation requires management of tradeoffs — devedént of an ITIL
bureaucracy versus standardizing but remaining Spartan, diopdi@n of all of ITIL or
ISO/IEC 20000 versus adoption of selected processes andesdnased on need and

value-adding potential, and rote versus contextualized adaogftjgnocesses and service

(Cater-Steel, et al., 2008, Conger and Schultze, 2008; Maamh Kolbe, 2010a, 2010b).

Many benefits have accrued to companies that successfydlgment services.
Examples of benefits include missed service level agegaetarget penalty reductions of
as much as 80% in two years (Conger and Picus, 2009), iesr@aservice quality,
global process standardization and resulting reduced sepamd increased customer
satisfaction, reduced outages and related downtime oftapex;amproved staff mobility,
improved financial control, and improved IT morale (C&tzel, et al., 2008; Conger
and Picus, 2009; Conger and Schultze, 2008; Dubie, 2002; Hoclettain,2005; Lynch,
2006; Marrone and Kolbe, 2010a, 2010b; Pollard and Cater-Steel, P@{@@;jter, et al.,
2005).

Though services provide significant benefits upon adoptiomatdration of
practice, issues with ITSM adoption exist. Challengesdobpting ITIL include the need
for executive sponsorship, the need but business understamdifiy objectives,
adequate resources, time, people with ITIL and change maeag&nowledge and
skills, funding for training, travel, certification if aded, and implementation activities,
maintenance of momentum toward changes (Marrone almeK2010). The
demonstration of results after a short period of ITle issimportant to silencing change
critics (Hochstein et al. (2005). Yet, virtually everpject reports resistance even with
quick results that must be successfully countered to epsojert success (Cater-Steel,
et al., 2008; Conger and Schultze, 2008; Conger and Picus, 2008yisland Kolbe,
2010).

The risk-reward payoff is significantly weighed in fawarewards for successful
ITSM projects (Cater-Steel, et al., 2008; Conger and P239; Conger and Schultze,
2008; Potgeiter, et al., 2005). However, two aspects of semiedamportant to consider
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for organizational contribution. First, is the applioatas imbedded in its business
service function and the value that accrues to the orgamizas a result of the
application. There is little research on this angiaitis a crucial aspect of an application
that determines its importance to the business. Seotitk application's operational
environment and how process-driven and smoothly it operabegh normal and outage
situations. There is also little research on this Beg@nd case studies. Thus, both areas
need further research to describe how best to accdnga@ivice embeddedness and its

contribution to the business.

Systems as Communication
The concept of systems as communication, adapting fromefeet al. Guideline

#7 (2004), is not well articulated. One conception is thabw information accessibility
is a form of communication between the applicatios e user (Culnan, 2007). From
this perspective, communication occurs frpnysical access to the source, the interface
to the source, and the ability to physically retrieve pabyntrelevant information
(Culnan, 2007).

A different perspective is that the human interfaca form of communication
between the developers (and management) to the appticesers (Nielsen, 2000). From
this perspective, application usability and user experiare&ey outcomes of the
communication.

In both senses of the term communication, applicaigability refers to
incorporation of both needed functionality to accompdigioal and characteristics such
as effortless learning and remembering, usage efficiaticiting few errors, and
subjectively pleasing use (Nielsen, 2000). Usability is aniemn feature that has a
long history in terms of human-computer interaction (H€search with seminal works
by, for instance, Ben Shneiderman (1997). Low usabilityeelo non-use of
applications (Markus and Keil, 1994). However, usability issneed as a component of
information quality, implying that the only usability isrfdata generated by an
application (Petter, et al., 2008). Usability should dls@ feature of application quality
to develop measures of the extent to which the intedagages and is useful to its users
(Nielsen, 2000, 2005).
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User experience refers to the feelings and attitudesafme by users of an
application and embodied in the application charatteusability. The term user
experience is more general than many related, congtpuetiecessor terms such as user
satisfaction, information system effectiveness, penéorce, and so on (Melone, 1990).

Product usability and user experience are related bedamjsevaluate different
aspects of the same phenomena. The phenomenon undeulsiudsely is the user
experience. The assumption is that the more enjoyaldlsatisfying the experience, the
more likely the user is to use a system. Melone (1990) zmtyutcomes while the
research conducted by Nielsen (2000) analyzes charactetisiclead to the outcomes.
Nielsen articulates characteristics to be designedan IT artifact, which ultimately is
the goal of application development and the approactwilidie discussed here.

Key components of usability are ease of learning, eassnadmbering, usage
efficiency, minimal error elicitation, and usage ests(Nielsen, 2000). Note that
functionality is still important in terms of practlcacceptability but that usability focuses
on user perceptions and ability to actually use the ait. Learnability and
memorability both have aspects of design for expertsautes in either the knowledge
domain or in use of computer interfaces. Learnabilitgnefo the length of time and
amount of effort required to learn the software. Merbiity refers to the extent to
which the software is easily memorized. At best, &lgsaterface is intuitive, requiring
little or no learning and little effort. One problem witkability is that the user is defined
as the end user, who will be the daily user of thefeate. However, little attention is
given to the Help Desk staff that must also interfada the application whenever it
exhibits problems. Similarly, there is little thought gite error messages. For instance,
"Bad data" often seen as an error message, howegarathe of the data field, its
location in the program, the exact error, and guidelimelsoov to fix the error all are
missing. If provided, the time to locate and remedy bugs eamtby orders of
magnitude (Gupta, 2008).

Efficiency relates to user development of a consisstaady-state of
performance over time that does not require extraneousyalue adding activities.
Efficiency, too, is viewed from the perspective of theitess end user. If Help Desk
efficiency were also considered during design, resolutia user and system problem
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would be reduced (Gupta, 2008). With poor error messages,rnintgaan take place
beyond how to locate a problem in this program, and therefo efficiencies can be
gained.

Satisfaction relates to game-like qualities that akbouser to develop a state of

flow such that they become engaged in the applicatiomlende satisfaction from its use.

Most applications ignore this aspect of design for arsisnot just IT support. While
there is high quality research on interface design aalilitg, there is no known
research that links all of the characteristics to egperience (e.g., Norman, 2002;
Shneiderman, 2004). Most application research links usadiildyacteristics to
application usage or generic user satisfaction. Theréear best practices that identify
all aspects of all of the components in a single pabta or that are universally
applicable across application areas, cultural contexisser types (Nielsen, 2000). As a
result the application developer must read a signifibadly of work (c.f., Jokela, et al.,
2003; Jones, 1992; Kaikkonen, et al., 2005; Lewis, 1995; Nielsen, 2000Q,\afYd&an,
1998; Park, 1997; Shneiderman, 2000, 2004) to develop even an inkimggibbal
thought on usability and the parent field of researchusnam computer interaction
(HCI) (Zhang, et al., 2007).

Early ISO standards relate to usability — ISO/IEC 13407 and E&X0241-11
(ISO/IEC, 1999; Jokela, et al., 2003). ISO 13407 defines userredrtesign as the
"level of principles, planning, and activities" while ISO 92Ul approaches usability
from a goal-oriented perspective to achieve "effectiveredfisiency, and satisfaction”
(Jokela, et al., 2003, p.54). Both are replaced by ISO 9241-210:201.6f par
comprehensive standard that includes 28 sub-standards rétaéngry area of human
interaction (1ISO 9241-210:2010, 2010). However, all of the stdsdae generic, non-
specific, and oriented toward a process for involving usetfge development of
interfaces. This approach, while useful, ignores theacheristics of usability and, as a
result, is too abstract to guarantee any usability outsome

User-centered design methods, based on the 1ISO stadéardsped to deal with
usability issues and ensure that user needs are includedriace design (Mao, et al.,
2005; Thayer and Dugan, 2009). User-centered design has grpvatiite but its
practice is has no standard method for its conduct (Alétiss, et al., 2010; Mai, et al.,
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2005; Thayer and Dugan, 2009). Even with all of the standactdmathods, user-
centered design has not found its way into mainstreamtinydusctice and is used by
under 40% of projects (Mai, et al., 2005; Thayer and Dugan, 2009).

Finally, much usability research is nonspecific, fragt@énnot linked to user
experience and not universally applicable. Usability haggneed on definition and is
studied with many interpretations (Alonso-Rios, et al., 20lh0gddition, systems
analysis and design texts generally cover interfacigui@s chapters that provide
information at the level of the ISO standards (cfla¢ech, et al., 2009). Few
programmers learn anything beyond rudimentary rulesumhithfor interface design and,
as a result, user satisfaction with custom-developedaidtbecause of poor interface
design tends to be very low (Norman, 2002).

To summarize, this section has evaluated the state béajgn development
from the perspective of design research. Practicedraswed over the years to focus on
only the aspects of applications that are articulat&DhCs and methodologies. As a
result, key aspects of applications are missing or ficgerit for their purpose. These
aspects include usability, quality, operatability, and attartt all user communities.
Each area discussed in this section provides many opp@suioit future research and
improved integration in pedagogy and practice.

LIMITATIONS AND FUTURE RESEARCH

This paper provides a necessarily abbreviated discusstbe bfstory, state, and
issues with SDLC and software analysis and design melbgies to determine future
needs to improve quality and usefulness throughout the aegem.

Future research was identified and discussed in the follpareas: A need to
define the relative importance of key drivers of succgsgiplications, specific
techniques and processes for developing usable interfastgractices in servitizing
applications development, SERVQUAL modifications tdude IT services evaluation
and to tease out the nuances between system and semvieb sites, application use and
satisfaction relationship elaboration, common methmgio&l checklists of items for
application development consideration, methods to mowet@ehniques into industry
practice, checklists for managerial roles in applicatidevelopment, usability and user
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experience, testing and system characteristics suasaéuse, the role of process in
application development, the extent to which procesglatdization can contribute to a
higher quality IT product, innovation driven by IT, innovatieihin IT, the extent to
which improvisation can be institutionalized, uses of ongation, measurement of

application business value, and communication aspecppbcations.

CONCLUSION

This paper evaluates application of methodologies to deggfems artifacts and
the challenges of the process. Through this analyssesf changes to current practice
and needs for future research and practical adaptatioteatified. When these changes,
additions, and future needs are examined, they do not skiffstantively from
recommendations of many research projects in theetk&eas. As a profession, we
seem to forget our roots by omitting traditional actigitibat have led to past successes.
Some of these activities include interface usability degisting, product quality, and
risk management. If collective forgetting continues,aneforever doomed to repeat past
failings in a never-ending redevelopment of basic tenédwever, if we return to our
roots and begin to identify and hone enduring practices, yweima the probability of
future success in application design and development gexasd as a result we also
improve the potential for organizational contribution agldvance. More complex life
cycles or methodologies do not necessarily resuthd®achecklists of issues to be
considered and factored into application development, aedeare required.

A move toward development of usable applications embeddadwi
organizational services requires some changes. A senieggation requires
understanding that no application is an end of itselfaétahe application is embedded
in an organizational setting, is used by humans in thesemfrtheir work, and should
add value to that work. The 'application user' includegsals, not just those in the non-
IT community. The value adding aspects of applicationsidectheir ability to decrease
cycle times, increase quality of services supported, apcbiwa the work life of the
application user. Remedying problems of application devedmpm@nd attending more to
needs for usable services and should reduce costs ofige ldevelopment, increase user
satisfaction, and provide clearer value contribution toness success.
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