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Abstract: The purpose of this paper is to review and compeuwe of the widely used and
referenced agile methods — Spiral model, Dynamiste3y Development Method, Scrum, and
Extreme programming. These four methods are corddzaieed on their process, roles, current
research, project management, lifecycle coveragepaactices. The result of this paper is a
review and comparison of these four models, whithws that neither of the described methods
provides full product life-cycle coverage. XP isctuded to be most specific when it comes to
practical guidelines, but with a very limited scoggther methods focus more on abstract
principles. Spiral, DSDM and Scrum can be usedramédworks that can use other agile
methods. Organizations should use principals arehsidbehind these fours methods as
inspiration whencreating custom tailored developn@ocesses. This paper also provides a
review of the current research on these four methtiterefore it can be used as a reference
work for future studies.

Key words. Software developments, Agile methods, Spiral mod&trum, Extreme
programming, DSDM,Comparison

1. INTRODUCTION facets. In essence, as evidenced in (Dingsayr,
Nerur, Balijepally, & Moe, 2012)agile ideas
In the last 40 years, the field of softwaresuggest a “light’ methodology that promotes
development has, in its path to become momaneuverability and speed of response.
productive, evolved in the form of developing(Highsmith & Cockburn, 2001)mention that
new methodologies.Software developmeragile methods did not bring new practices, but
methods attempted to offer an answer to aecognized people as the primary drivers of
eager business community asking for a fast@roject success: “... (agile approach) gives a
and nimbler software development processew combination of values and principles that
(Abrahamsson,  Warsta, Siponen,  &define aragile world view.”
Ronkainen, 2003). Since the 2000’s, this
developing path and the way software is beingigure 1 presents an evolutionary path of agile
built has been named “agile”. The Manifestsoftware development methods and their
for Agile Software Development, written inrelationships. This figure also indicates (using
2001 by a group of software developers, has dashed line), which approaches influenced
given a new momentum in thislightweightthe making of the Manifesto for Agile
way of developing. However, the Manifesto isSoftware Development. Figure 1 covers more
solely responsible for naming such arthan the scope of this paper, however in
approach. Agile practices were being used byombination with work from (Larman &
companies and practitioners since the 70Basili, 2003), it can demonstrate the entire
(Larman & Basili, 2003). Ever since theevolutionary roadbehind agile software
Manifesto was written, researchers have beaevelopment methods.
trying to explicate agility and its different
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Figure 1: The evolutionary road of agile methods
(Abrahamsson, Warsta, Sponen, & Ronkainen, 2003)

(Dingsgyr, Nerur, Balijepally, & Moe, development team works by concentrating
2012)studied the period from the creation obnly on the functions needed at first hand,
the  Manifesto for Agile Software delivering them fast, by collecting feedback
Development until 2012, and analyzed papeffsr the work, and by reacting to received
and conference proceedings written abounformation.Generally speaking, according to
agile software development. Same authotbe (Dingsgyr, Nerur, Balijepally, & Moe,
concluded that ever since 2001 and especiald012) all of the so called agile methods
2005 there has been an increase in journsirived to address the core values of the
articles which is a sign of an increase irManifesto. The values behind Manifesto’s
quality as well as quantity. four main principles: (1) Distinctive move
towards collaborative development — people-
(Dingsgyr, Nerur, Balijepally, & Moe, centric; (2) Adoption of a “lean” mentality,
2012)summarize the majority of definitionsmeaning a need to minimize unnecessary
from some of the most recognizable papensork, with regards to creating unnecessary
written in the last decade, regarding agilelocumentation; 3 Customers and
software development. (Abrahamsson, Salstakeholder are actively involved in the
Ronkainen, & Warsta, 2002) reviewed theevolution of software development; (4)
knowledge base of agile softwareAcceptance of the fact that software
development and introduced a definition oflevelopment is an unpredictable and changing
agile  development: “Agile  software process, are summarized by Dings@&ysl..
development is incremental (small software
releases, with rapid cycles), cooperativdhis paper is composed as follows. The
(customer and developers working constantlyubsequent section reviews four agile
together with  close = communication),methods. Following is the comparison of
straightforward (the method itself is easy tahese four methods. The final section provides
learn and to modify, well documented) anda conclusion and a brief description of future
adaptive (able to make last momentvork.
changes).” The authors also state that the
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2. AGILE METHODSREVIEW the best ideas, which came out of the Spiral
model, was that development teams should

Having the right method in place that is welchoose a software development process,

designed and appropriate to the nature of thvehich defined: the frequency of the

project and is also well integrated with theéncrements, the development tool, the details

customer for the project so that the customef the plan, and the risk analysis based on

is fully engaged collaboratively in the processlifferent parts or components of the product.

is one of key factors of successful projecThis process presented a next step in the

management as evidenced by(Cobb, 2015). evolution of the software development models
of the time and was different from the others

From the examination of the relevantsince these used the above processes in regard

literature on software development, ando the final product, as a whole.

particularly Figure 1 and the work of (Larman

& Basili, 2003),it can be concluded that some@.1.1. Process

methods had, and continue to have influence

on the way software is being produced todaythe Spiral model was used in the definition

On this idea, and with reference to systematiend development of the Thompson Ramo

reviews on agile software Wooldridge Software Productivity System

development,(Abrahamsson, Salo, RonkaineiTRW-SPS). The goal of this project was to

& Warsta, 2002; Dyba & Dingsoyr, 2008),adefine an engineering environment which

list of four most influenced agile methods wasvould significantly increase TRW's software

selected for this paper. These are: productivity.

= Spiral model
= Dynamic  System Development Product development process is performed in

Method spirals or rounds. The Spiral model may
= Scrum appear a bit complex at first, especially if you
= Extreme programming look at the Spiral model graph (Figure 2), but

once you understand the logic behind it, the
The methods are then described based on thmdel becomes much more understandable.
model found in (Abrahamsson, SaloActually, in particular situations the spiral
Ronkainen, & Warsta, 2002) and renewedhodel becomes equivalent to one of the
with state of the art literature. Every method igxisting process models, for example
illustrated through the following structure: (1)Waterfall. In other situations, it represents a
process — description of phases in the produetix of approaches. Again, the selection of a
life cycle; (2) Roles and responsibilities —particular process depends on the risks
specific roles used in the model; and (3associated with specific parts of the project.
Current research— overview of the scientific
and practical status of the method. The spiral approach is very much risk-driven

and puts risk identification as its primary
The goals of this research paperare tatarting point. The emphasis is on identifying
(1)describe the principles and mechanisms @il types of objectives and constraints during
the above software development methods; (2ach round of the spiral. By doing so, the
describe the relevant use case experience fr@piral model incorporates software quality
various case studies and reviews; and (®pjectives into software development. Barry’'s

compare these four methods. work suggests using the spiral approach on
hardware projects as well. The Spiral model
2.1. The Spiral model suggests using prototypes, as a risk reduction

option, at any development stage. Plans and
The Spiral model was introduced in 1986 in apecifications should be created in such detail
work by Barry Boehm titled“A Spiral Model that the lack of it does not jeopardize the
of Software Development and project.
Enhancement’(Boehm B. W., 1986). One of
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2.1.2. Rolesand responsibilities TReKproject. The purpose of this project was
to create a PC based ground system which
Different from other methods described in thi$v0u|d enable scientist to monitor and control
paper, the Spiral method does not define argkperiments located onboard the International
particular roles. However, it can be inferredspace Station. It was important for the TReK
from the Spiral process that some roles angtoject to address all the fundamental issues
responsibilities are necessary for it to workagssociated with a software development
Besides from the usual roles involved in evergroject, including documentation,
software project, such as developergonfiguration management, testing, and other
management and customer representative @fiality assurance activities. Like most other
business analyst, the main genuine role whicfpftware projects, this project faced many
appears in the Spiral model is the role of a riskhallenges such as the need for early product
analysis expert. availability for customers, limited personnel

Risk analysis experts represent a key role #§Sources, a tight schedule, and dependencies
the Spiral model. The Spiral model requires g €Xternal systems, many of which were to
risk analysis to be performed in every stage ¢i, developed in parallel with TReK by
the project. It is also one of the mosfifferentdevelopment teams.

important parts of this model, since the goal is ) )
to pick an alternative based on its risks andn€ TReKsoftware lifecycle used the Spiral
risk resolutions. From this, it can peMmodel in such a way that it was possible to

concluded that a person performing the role gombine  both  project management ~and

a risk analysis expert, must be very familiapOftware development. Hendrit al. claim
with the technology in question,that most of the challenges faced on the TReK

organizational culture, its processes anffoject were overcome with support of the

various alternatives to achieve the goal of thaPiral project lifecycle.

ject.
projec Three main disadvantages of the Spiral

2.1.3. Current research modelare: (1) it is highly dependable on risk
analysis, and risk-assessment experts — the

(Hendrix & Schneider, 2002)present howspiral model suggest that software developers
Boehm’s Spiral model was used in NASA's
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do the risk analysis, which may provefinding can be seen as relative since small
troublesome in situations where theseompanies may find $1 million projects as
resources are working on multiple projects okey enterprise projects and invest a great deal
when there is a lack of senior developers tof risk control in them. The results in this
review these risk documents; (2) it is nostudy can be remarked as an additional
appropriately adjusted to work on contractilemma, when implementing a risk driven
software projects — theSpiral model waspproach, such as Spiral.
created and suited to fit the TRW’s internal
development processes; (3) it needs furth@2. Dynamic software development
elaboration and defining in areas such as method (DSDM)
contracting, specifications, milestones,
reviews, scheduling, status monitoring, an@®@SDM is a method developed by a dedicated
risk area identification to be fully useable inconsortium in the UK. The first release of this
all situations, as stated by (Boehm B. W.method was in 1994. The fundamental idea
1986). behind DSDM is that instead of fixing the

amount of functionality to be delivered and
In  his later works, (Boehm &Belz, then adjust time and resources needed to reach
1989;Boehm & Turner, 2015), Boekmal. this functionality, it is preferred to fix time
elaborated his use of the Spiral model as and resources and then adjust the amount of
process model generator. As described: “Aunctionality accordingly, stated in
process model generator is a technigue whigbrahamsson, = Warsta,  Siponen, &
operates on a project’'s process drivers d&onkainen, 2003). Most of what is written in
inputs to produce a process model for thpapers and studies about DSDM comes from
project which is tailored to its particular(Jennifer & Peter, 1997), and handbooks,
process drivers.” In theory, the Spiral could béDSDM Consortium, 2014) and (DSDM
used to define various key project factors, an@onsortium, 2008), from the DSDM
based on these factors the spiral wiltonsortium, which promotes DSDM. Some
“transform” to an another developmentauthors mark DSDM as the first truly agile
method, such as waterfall, for example. Morsoftware development method (Abrahamsson,
practical studies and use cases are missing\Warsta, Siponen, & Ronkainen, 2003).
order to provide a more detailed review.

2.2.1. Process
Wider implementation of the Spiral model
may still not be possible due to currenDSDM consists of five phases: (1) feasibility
perceiving on risk management. (Draganstudy, (2) business study, (3) functional model
Marija, & Zorica, 2013)analyzed how riskiteration, (4) design and build iteration, and
management influences project performancgd) implementation asdefined by
and presented mixed results. Draganal. (Abrahamsson, Salo, Ronkainen, & Warsta,
state that “Most software developers an@002). These five phases are presented in
project managers perceive risk managemefigure 3. First two phases are sequential, and
processes and activities as extra work arabne only once. Development work is done in
expense.” Also, they indicate that companiethe last three phases, which are iterative and
did not benefit greatly due to riskincremental. DSDM approaches iteration
management techniques. However, authotkrough timeboxes. The time allowed for each
also mention that assigning a role of riskteration, including planned results,is planned
manager increases the chance of projetirough timeboxes in advance. A typical
success. Dragaet al. reviewed the results of timeboxlength is from a few days to a few
risk management studies and stated that riskeeks. In the following section, DSDM'’s
management efforts were small in smalphases are described according to
projects ($0.1 million — $1 million) and Abrahamssorgt al.
progressed as projects became bigger. This
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Figure 3: DSDM Process Diagram (Jennifer & Peter, 1997)

In the feasibility study phase, the suitability ofarchitecture sketch, and is allowed to change
applying DSDM, for the given project, isduring the project. Also an outline prototyping
assessed. The feasibility is conducted basgthn is formed, which states the prototyping
on the type of the project and organizationaitrategy for the following stages.
and people issues. In addition, technical
possibilities and project risks are analyzedlThe functional model iteration phase
The results of the feasibility study phase areiatroduces an incremental and iterative
feasibility report and an outline plan forapproach. In every iteration, the content and
development. Optionally, if the team is nothe approach is planned. The results are
familiar enough with the project’s business oanalyzed for further iterations. Both analysis
technology, a fast prototype can also be madand coding are done: prototypes are built and
Based on this prototype, the team can maketlae experiences gained are used in improving
decision whether to proceed to the next phaskee analysis model. There are four main
or not. Average duration of the feasibilityoutputs in this phase: (1) prioritized functions
study phase is not expected to take more than a prioritized list of functions that are
a few weeks. delivered at the end of the iteration, (2)
functional prototyping review document —
The business study phase is where thmllection of user's comments about the
essential characteristics of the business amdrrent increment, (3) non-functional
technology are analyzed. DSDM recommend®quirements — listed as part of the scope for
teams to organize workshops,during which the next phase, and (4) risk analysis of further
sufficient number of the customer’'s expertslevelopment — document that analysis
are gathered. This way,the project team camncountered problems.
consider all relevant factors of the system and
agree on development priorities.The agreetihe design and build iteration is the main
upon business processes and user cases ludding phase. The output of the design and
described in a business area definition. Theuild phase is a tested system that fulfils at
identification of user cases helps in involvindeast the minimum agreed set of requirements.
the customer, as key people in the customer®he design and build results are reviewed by
organization areidentified and involved at aithe user in every iteration.
early stage. In the business study phase, high
level descriptions of the processes ar€éhe implementation phase is where the
presented, in a suitable format (diagramdinished system is shifted from the
business object models, etc.). The result of trdevelopment  environment to the actual
business study phase is a system architectymduction environment. In this phase the
definition, which sets the first systemsystem is given to the users, which is also
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being trained to use it. User manuals and visionaryis a user participant with the most
project review reports are created and given #ccurate perception of the business objectives
the user. DSDM defines four possible coursesf the system and the project. The Visionary
of further development. If the system achieveis probably also the person with the initial
all requirements, no further work, oridea to build the system and start the project.
remodeling is needed. However, if &lwo main tasks of the visionary are to ensure
substantial amount of requirements has to hibat essential requirements are found early on,
revised (for example, if they were notand that the project keeps going in the right
discovered until the system was indirection from the viewpoint of those
development), the process may be run througbquirements.

again from start to finish. If a less critical

functionality has to be added, the process can executive sponsoris the person from the
be re-run from the functional model iterationuser organization who has the related financial

phase. authority and responsibility. The executive
sponsor has the ultimate power in decision
2.2.2. Rolesand responsibilities making.

The following roles as most significant in2.2.3. Current research

DSDM, as described by (Abrahamsson, Salo,

Ronkainen, & Warsta, 2002): DSDM was originally developed and
continues to be maintained and researched by

Developers and senior developers cover al consortium of several companies.(Tudor &

developer roles. Seniority is based oMWalter, 2006 )describe how a large, process

experience. The level of leadership in theriented, software organization coped the

team is based on the amount of seniority ehallenge of synchronizing agile with 1SO

developer has. The developer and seni®01 certification through use  of

developer roles cover all development task®SDM.Authors statedthat visual
such as analysis, design, programming amépresentation of a timeboxed plan helped
testing. team members know, at any time, what they

were expected to complete. Also, developers
The technical coordinator role takes the taspointed frequent meetings, small team size,
of defining the system architecture and isnd user involvement as helpful. The visual
responsible for technical quality in the projecttimebox sheets are one example of aaccepted
A technical coordinator is also responsible fopracticein managing schedules. However, not
technical project control. all teams have been successful in shifting

from traditional approaches to DSDM.
The role of ambassador userrepresents duties
that are to bring the knowledge of the useA case study of a partial DSDM adoption in a
community into the project. This role islarge organization is given by (Cobb, 2015).
responsible forreporting the progress of thénother key feature of this project was the
project to other users important for theact that the customer was the government,
customer and the project. By doing so, thepecifically, UK’s Ministry of Defense. The
ambassador user ensures that an adequpteject's objective was to create a
amount of user feedback is received. Thsophisticated radar system which shows the
ambassador user has to be a member of tpesition of the friendly forces in the cockpit of
user community that will use the system oncan aircraft. The key lesson learned on this
it is completed. Since the ambassador user psoject was to tailor the agile delivery
unlikely to represent both the technical andechnique in the project planning phase.
the businessuser viewpoints, an additional role
of advisor user is recommended. Advise(Craddock, Richards, Tudor, Roberts, &
users are users who represent an importa@bdwin, 2012) described a version of a
perspective from the point of view of theDSDM which has been tailored specifically to
project. Adviser users are representatives abmplement Scrum. In this model, Craddock,
IT staff, or financial auditors. et al. suggest using DSDM for project

management and Scrum for product
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development. The DSDM consortium alsdhen enhanced during the “Pasterur Project,”
provides white papers, which describe DSMDvhich examined 50 highly effective software
usage with the Prince2 methodology. development organizations, at ATT Bell Labs

(Sutherland & Schwaber, 2007).
(Bjelica, Mihi¢, &  Toljaga-Nikoli¢,
2015)reviewed the success factors of IThe Scrum framework is very clearly defined
projects and presented that in largein the Scrum guide bi¢en Schwaber and Jeff
companies, only 9% of the projects are don8utherlandThe goal of Scrum is to deliver as
on time and within the budget.Since DSDM’amuch quality software as possible within a
key principles are fixed time and cost, withseries of short time boxes called “sprints,”
changes allowed in the functionalities buildwhich last about a month. Scrum is
DSDM may prove helpful in finishing characterized by short, intensive, daily
projects on time and cost. Furthermore, fulineetings of software development
implementation of the DSDM is more likely stakeholders. Scrum project planning uses
to be applied in big organizations, and on bigghtweight techniques such as Burndown
projects. This is due to the fact that smalktharts as opposed to Gantt charts and relies on
companies cannot dedicate all the roles statsdlf-organizing and cross-functional teams.
by the DSDM. However, partly implementing
DSDM, for example, using the Moscow?2-3-1. Process
technique, iterative planning and includin¢pitferent authors describe various Scrum
ambassador user and tech_mca] _Coord'natprocesses, which are very similar. The
roles may help small companies finish on timsg|iowing review of a Scrum process is based
and budget. on the 2016 Scrum guide. Scrum is conducted
23 Scrum iteratively and products are developed

incrementally, through time-boxed events
The term “Scrum,” representing a group onamed sprints, figure 4.Sprint’'s maximum
rugby players packing closely together tryincduration is fixed to one month and its purpose
to gain possession of the ball, first appeared is to provide a customer with a working piece
a study of two Japanese professors (Takeucof software which is releasable. A sprint
& Nonaka, 1986). Takeuchi and Nonakeconsists of: (1) sprint planning meeting, (2)
introduced a holistic approach, based on leedaily scrum, (3) sprint review, and (4) sprint
principles, which represented best practices retrospective.
the Japanese industry. The Scrum model was

@ Daily
Scrum
e What was done yesterday

e What will be done today

e Are there any
impediments for me or for
my team

Sprint
review

Sprint

Sprint backlog \: N %ﬁr v
Work items for the following sprint ~ Creating software Hm ew functionality 1s

created through an

i increment .
Sprint increment and

planning
meeting

&

presented to a customer

Sprint
Product backlog retrospective
Prioritized customer % %

requirements

Figure4: Scrum framework as presented in The Scrum Guidé 201
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A sprint starts with a sprint planning meetingThe product owner is responsible for
In this meeting, the development team meetsaximizing the value of the product and the
and creates a sprint backlog, from the items work of the development team. One of the
the product backlog, which defines the scopmain responsibilities of a product owner is to
of the work for the sprint. After the manage the Product backlog (list of items
development team agrees on what needs to Wwaich represent  features,  functions,
done, they define the way they will do theequirements, enhancements, and fixes that
required work. make a product.) This means the product

owner is accountable for ordering the items in
The daily scrum is an everyday, fifteenthe product backlog, making priorities, and
minute, meeting in which the developerensuring the development team understands
discuss what was done the day before, dithe items.
they have any problems, and what will they
work on next. The purpose of this meeting iThe development team consists of
to keep all the member informed on the worlprofessionals who do the work of delivering a
done, and work to be done in the sprint. potentially releasable increment of the product

at the end of each Sprint. One of the main
A sprint review meeting occurs at the end ofeatures of a Scrum’s development team is its
each sprint. At this meeting, the entire scruroross functionality and self-organization. This
team meets together with the customaneans the development team has all the skills
representative  and  demonstrates theeeded to develop the product and is
functionalities they worked on during theempowered to choose the way they do so. The
sprint. Sprint review is the perfect time for theoptimal development team size is three to nine
scrum team to gather the customer feedbackembers.
and incorporate it into the subsequent sprint.

2.3.3. Current research
Finally, the sprint retrospective is the last
meeting before the next sprint starts. Thifccording to 1# State of Agile Report,
meeting is intended for the scrum team onlgcrum, nearly 70% of respondents are using
and its goal is to make further enhancement&crum — Scrum (58%) and Scrum/XP hybrid
in the scrum process. The team discuss€0%), making Scrum the most used agile
various ways they can be more productive arapproach.Regarding Scrum practices, (Mann
effective. The Scrum master has a key role i& Maurer, 2005) found that daily meetings
this meeting, since he is accountable for thieept the customer up to date and that planning

Scrum process. meetings helped in clarifying the development
scope. Customers were more appealing to the
2.3.2. Rolesand responsibilities development process as well. The customers

stated that their satisfaction with the project
Scrum roles and responsibilities have changetat was based on Scrum was greater than
over time. The Scrum team is formed fronwith previous projects at the company.
three roles, as stated in the 2016 issue of tiowever, Mann and Maurer stress that the
Scrum guide. These are: customer should be trained in the Scrum

process so that they will understand the new
Scrum master is responsible for ensuringxpectations that the developers will have of
Scrum is understood and enacted. Scruthem. It is also stated that the introduction of
masters do this by ensuring that the Scrui@crum led to a reduction of overtime, and all
team adheres to Scrum theory, practices, anévelopers recommended the use of Scrum in
rules. The Scrum master also helps othefyture projects. The study also showed that
outside of the Scrum team interact with Scrurthere is some time required for everyone
team. This coaching roles servers the projegivolved to get used to the process. This
mainly by removing impediments to theresulted in longer sprints and unclear meeting
development team’s progress. Scrum masteagendas.
can, but usually do not do any of the
programming work.
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Also, Unlike XP, Scrum does not define anyon this experiences with the entire software
technical practices that can be call “best’development department.
however it does present a good project
management framework. According to the&.4. Extreme Programming (XP)
(Akif & Majeed, 2012) there are some
limitations to the Scrum framework, mentionExtreme programming originates from the
training, management, involvement, access ©hrysler C3 Project in 1996. From then, XP
external resources, corporate or organizationalas featured in a majority of agile studies
size, sub contraction, developing large an(r6%) as analyzed by (Dyba & Dingsoyr,
complex systems as key research areas wh@@08). XP has evolved from the problems
no significant research has been done. caused by the long development cycles of
traditional development models as evidenced
In the 2016 Scrum Guide, by Ken Schwabdoy(Beck, 1999). XP model's main
and Jeff Sutherland, it is stated that: “Scrum’sharacteristics are short iterations with small
roles, artifacts, events, and rules arecleases and rapid feedback, close user
immutable and although implementing onlyparticipations, constant communication and
parts of Scrum is possible, the result is natoordination and collective code ownership. It
Scrum.” It is against the definition of agileconsists of 10-12 practices, depending on the
itself that you cannot change or adapt Scrusource, such as the planning game, pair
rules. This lack of flexibility in Scrum can programming, on-site customer, test-first
become an obstacle to an organization shiftingrogramming, etc. The main body of
to Scrum. Adopting Ken’s and Jeff's Scrumknowledge for XP comes from (Beck, 1999).
may lead to specific changes in the current
organizational titles and roles. For example2.4.1. Process
the Project manager role is not defined in
Scrum. Therefore, companies adopting agilitin the following figure, XP’s phases are
for the first time should consider changing irintroduced according to (Beck, 1999). The life
small steps at first. For example, switchingycle of XP consists of six phases, figure 5:
just one senior team to Scrum, and then passgploration, planning, iterations to release,
productionizing, maintenance, and death.

EXPLORATION | PLANNING | ITERATIONS TO | | |
PHASE |  PHASE | RELEASE PHASE | = I8 —
N | = | = 0
| [ CONTINUDUS I Z4 Tuw 54
| h | REVIEW I 22 | 22 | EF
| ] | &= n
1] stories : ! : 3a | 5% :
i FOR NEXT | i . 8 i I
ITERATION PAIR x
?JEEE‘JL‘QE | ™ J\ PROGRAMMING | = | |
£ o 2 | PLANNING | | |
l o -:_"_f;’_'_-"';:_ | |AMALYSIS | DESIGN FOR TESTING | | |
\_ | 1 5= \ . | } TESTING | | |
' mt | \ | P 3 [ | |
|isates Effort | 9 | | |
STORIES Priorities __~ FEEDBACK 4
| estimates j CONTINUOUS | |
| | ! INTEGRATION | |
b "::'-. =t | | I i Fik I = | - | I
— | | f i [ - LY l/.r \.\ | o N
| COLLECTIVE | | ( SMALL ) /UPDATED |/ FINAL
i : TEST ( CODEBASE | | : \ RELEASE | ! RELEASES | :\.\ RELEASE |
1 \/ = e = r b A
| | . W Vo L — =7 =
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' L i~ APPROVAL ' i
- -

-

Figure5: The life cycle of XP (Beck, 1999)

In  the exploration phase, customerproduct idea and write story cards to be
familiarize the development team with thdancluded in the first releases. At the same time
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the project team gets acquainted to th2.4.2. Rolesand responsibilities

technology, tools and practices they will be

using in the project_ A prototype of the Systerﬂ—he fOlIOWing roles and responSibi”tieS are
is built. The exploration takes between a feWresented as described in (Abrahamsson, Salo,
weeks to a few months, depending on thBonkainen, & Warsta, 2002).

familiarity of the technology used. Programmers program the entire system, write

The planning phase sets the priority for thieSts and keep the program code as simple as

stories, the programmers estimate how mu%ossmle. 'I(;he flrslt(_ chaII(;an);e mmanagflnlg the
effort each story requires and determine th am an maxing successiul 1S

scheduled. Scheduling of the first release doggmmunlcatmg and  coordinatingefficiently
not normally exceed two months. TheWlth other programmers and among team

planning phase lasts for a couple of days. members.

) ] ) The customer role writes the stories and
During the iterations to release phase, thgnctional tests, and decides when each

schedule, set in the planning phase is brokgBquirement is satisfied. The customer is also
down to a number of iterations that will eacrfesponsible for setting the implementation

take one to four_weeks to implemen'F. Durin%riority for the requirements and giving

architecture of the whole system is created. At
the end of the last iteration the system is readyester’'sprimary activity is to write tests cases,
for testing or production. together with the customer. Testers run
functional tests, broadcast test results and
The productionizing phase consists of extrgaintain testing tools.
tests and checks of the performance of the
system. At this phase, new changes malracker gives feedback about everyday work
appear and the decision has to be mad# a project. He traces time estimates made by
whether to includethem in the currenthe team and provides feedback on how
release.The postponed ideas and suggestiggeurate they are. The main idea behind this is
are documented and can be implemented later improve future estimations. Trackers
during the maintenance phase, or some othiéspect the progress of each iteration and
project. evaluate whether the iteration goal is
reachable. Trackers must do this with respect
Throughout the maintenance phase, the X@ the given resource and time constraints.
team keeps the system in production and@lhey also alarm the team if any changes are
produce new iterations. This phase alsbeeded to the process.

requires specific customer support tasks. The

maintenance phase may require incorporatir@_Oach is the person, who is well acquainted
new people to be introduced into the team. ith XP and is responsible for th(_e process as a
whole. A sound understanding of XP

miactices, and experience in working with XP

does no longer have any new stories, reque§ ms is importgnt for this role. This enable;
or changes to be implemented. This requirdd€ coach to guide the other team members in
that the system satisfies all of the customeri@!lowing the process.

(rjequests. This is fthﬁ time when the necessagyngitant is an external member to the team.
ocumentation of the system IS Written,SiNCe;s imary role is to advise the team with his

there are no more changes to the architeCtutgepnical knowledge. Consultant guides the
design or code. Death phase of a project M&ys 1eam in solving their specific technical
also occur if the system is not delivering the.o oo

required or desired outcomes. In addition, the

project will end if the system becomes toManager role makes the decisions regarding

expensive for further development onthe project.He communicates with the project

maintenance. team in order to understand the status of the
project, its situation, and to distinguish any
difficulties or deficiencies in the process.

The death phase is near when the custo
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2.4.3. Current research the employees who used pair programming
claimed that this practice speeds up the
Organizations shifting from waterfall to XPsoftware development process. Also,the
can quickly adopt its practices and achievplanning game was found to have a positive
good results — 10% time reduction and 25%ffect on collaboration within the company.
cost reduction,calculated by (Dyba &The planning game process bridges the usual
Dingsoyr, 2008). Dyba al. also concludes boundaries between project managers and
that: (1) XP teams experienced improvedoftware developers, as found by (Mackenzie
communications, but were perceived by othe& Monk, 2004).According to (Dyba &
teams as more isolated; (2)XP works best withingsoyr, 2008), having a customer on site
experienced developers with domain and toavas suggested useful and had resulted in
knowledge; and (3)XP leads to an increasdoktter collaboration with the customer.This
collective code understanding and overall tacjiractice benefited the customer side as well,
knowledge improvements. A researchsince the customer had constant control over
(Robinson H. , 2005), examining humanthe process(lleva, Ivanov, & Stefanova,
social and organizational factors related t@004). XP practices result in stressful
agile development in three companies: a larggtuations and long working hours in regards
multinational bank, medium-sized contento the customer, as studied by (Martin , Biddle
security software company, and a small star{-& Noble, 2004). Martiret al. point that XP
up company found that, despite the variationSustomer practices achieve excellent results,
in physical settings and organizationabut that they are also unsustainable, especially
structure, XP worked well in all threein long or high pressure projects. Maréinal.
companies. Authors (Robinson & Sharpalso studied the role of the customer in
2001) identified good personality outsourced projects, and found that this was
characteristics for members of XPchallenging because the customer was
development teams, stating trust as a kegquired to become acclimatized to the
factor. Favorable team member traitis alsdifferent cultures or organizations of the
“analytical, with good interpersonal skills anddevelopers.
a passion for extending his knowledge base
(and passing this on to others)” as found b§. COMPARISON
(Young, Edwards, Mcdonald, & Thompson,
2005).(Dyba & Dingsoyr, 2008)surveyed jobChronologically speaking, the Spiral model is
satisfaction amongst employees in softwarthe oldest method in the review, appearing in
companies that used XP and companies tha986, followed by Scrum and DSDM in the
did not use agile development methods. 95%arly nineties, and finally XP appeared in
of the employees who used XP answer thd998. Based on the literature, all of the
they would like their company to continuemethods can be proclaimed as “active,” since
using their current development processhey are still used today, in both research and
while the number for the employees irmpractice. Numerous systematic reviews of
companies that did not use agile developmeagile methods show that scrum and XP are
was 40%. leading as being the most used and cited
methods, DSDM and Spiral have a far less
As far as XP practices are concernedyresence in both organizations and studies. In
numerous studies were conducted on thibe last decade, The Spiral model has been
topic. A case study showed that participantsiostly used as a reference model when
had a divided opinion on pair programmingcreating other models or choosing the
and that test first programming had goo@ppropriate one. Scrum and Spiral have one
effects.A study done by (lleva, lvanov, &similarity, the featurethat they can be used as
Stefanova, 2004) also showed mixed opinions process framework in which other practices
on pair programming; It proved to be a veryan be used. This is also true for DSDM,
useful style of working with full respect to however more case studies are needed for a
coding standards. However, working 40h atronger conclusion. For example, the
week in pairs required a lot of concentratiomleveloping team can use XP practices in their
which exhausted the developers. A studybgtevelopment. Table 1 summarizes the review
(Dyba & Dingsoyr, 2008) showed that 73% ofof agile methods in  section 2.
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Tablel: Com

arison of different agile methods

Process

Roles and responsibilities

Current research

Spiral

Risk oriented process whig
can be transformed into oth
development processe¢
depending projeg
characteristics.

on

Heavily = dependent o
experienced risk expert
Other than this, no roles a
defined, hence it is hard t
define a team required for th
spiral process.

Currently Spiral is
being researched as|a
process  generating
model. Not many
applications of the
Spiral can be found.

DSDM

An iterative and incrementa
approach that is more suite
for large-scale projects, i
which deadlines and costs 3
fixed and functions can b
adjusted accordingly.

Defines roles on a proje
level, development tear
level and customer suppog
level. All roles are well
defined, but may not all b
available in all environments
which can be a problem fg
practitioners.

DSDM’s framework
can enclose othe
methods, such as
Scrum or Prince2.

=

Scrum

A lightweight iterative proces
which puts the focus o
developing and projec
management, removing ar
obstacles the developing teq
may have, and having

potentially releasablg
increment, approved by th
customer, in every iteration.

A self-organized and cros
functional team which ha
the power to do the work th
way they find appropriate
The Scum process is ide
for organizations with sma
number  of  hierarchica
levels.

Mostly used methog
in software
development today.
Along with XP it is
also one of the mos
researched method.

—

Extreme
programming

A developer oriented proce
which places the needs
software developers in the fir
place.

XP defines all roles require
in a development team. It c8
be a good reference point f
startups and newly create
development teams.

At the moment, there
are mixed opinions
on the effects of the
XP. It is suggested
that it should be used
with experienced

teams.

DSDM introduces several user roles, businesgloption. Not all agile methods are suitable
advisor, which represent different customefor all phases of the software development life
viewpoints, whereas XP defines only one roleycle, as elaborated by (Abrahamsson, Salo,
for user and Scrum recommends that “kefRonkainen, & Warsta, 2002; Abrahamsson,
stakeholders” be present at sprint reviews. Warsta, Siponen, & Ronkainen, 2003). Figure
can be concluded that these three metho@based on the model described by
recognized the need for a user role to b&brahamssoret al. shows which phases of
involved in the development process. Theoftware development are supported by
Spiral model has no mention of a user odifferent agile methodsEach method is
customer role in its original work. Regardingdivided into three blocks. The first block
team size, XP and Scrum recommend usirigdicates whether a method is suitable for
small teams, preferably less than 1@roject management. The second block
developers. DSDM and Spiral on the otheidentifies whether a process, which the
hand, have examples of being used in largeethod suggests to be used, is described
projects, however teams were again not bigg&riithin the method. The third block indicates
than 20 developers. Spiral and XP empowevhether the method describes any concrete
their teams to make decisions on their owrguidance, activities and work products that
Thus, adopting one of these methods requiresuld be followed and used under varying
a cultural change in the organization. (Nerumircumstances. A grey color, in a block,
Mahapatra, & Mangalaraj, 2005) discuss thedicates that the method provides and white
organizational factors affected in adoptingolor indicates that the method does not
agile development.. The 10State of Agile provides detailed information about one of the
Report also shows 10 leading causes of faildtiree areas evaluated”.

agile projects and barriers to further agile
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-—— Project management
Spiral -4——  Process

Practices/activities/

workproducts

DSDM

Scrum

XP

o
-

Project Requirement
inception specification

Integration System Acceptance System in
test test test use

Design Code Unit test
Figure 6: Comparing life cycle, project management and cetecguidance (Abrahamsson,
Salo, Ronkainen, & Warsta, 2002; Abrahamsson, \@a&ponen, & Ronkainen, 2003)

Concerning project management, XP does nebftware project lasts until the product
provide any guidance. However,backlog — “As long as a product exists, its
(Abrahamsson,  Warsta, Siponen, &Product Backlog also exists.” This is why
Ronkainen, 2003)provide examples of XRAbrahamsson, Salo, Ronkainen, & Warsta,
project management literature. Unlike XP2002) suggest somemethods require a
Scrum covers project management and it ilomplementing approach to support software
focused on managing agile softwaralevelopment.
development projects. Since Scrum does not
give explicit practical examples of how toConcrete guidance, in the context of figure 6,
develop software, the same authors give aefers to practices or activities that provide a
example of how Scrum is combined with XPspecific guidance on how a specific task can
DSDM provides a framework which supportde executed.XP’s main focus is on software
rapid application development anddevelopment practices. Its purpose and goal is
development teams work facilitation in anto share best software development practices”.
ever-changing environment. The Spiral moderhese practices are described in detail in
does not have any project managemetriBeck, 1999). However, it is out of the scope
practices described. One of the reasons fof this paper whether these practices have any
this is due to fact that the Spiral model has thealue. (Abrahamsson, Warsta, Siponen, &
smallest body of knowledge. Ronkainen, 2003), and (Recker, Holten,
Hummel, & Rosenkranz, 2017) provide a
The DSDM provides a full coverage over thenore detailed analysis on this question.The
development life-cycle. Neither XP nor ScrunDSDM method states that due to the fact that
cover project inception phase or provide angach organization is different it cannot define
detail on how to accept the product and deglractices that would fit all of them as
with it once it is in use. Scrum also does nafescribed in (Abrahamsson, Warsta, Siponen,
give any information regarding the& Ronkainen, 2003). Instead organization
development phase. The Scrum guide doehould develop practices themselves. DSDM
not explicitty mention integration or does not provide any guidance on this,
maintenance phase, but it does state thathawever it does give examples of DSDM used
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in various organizations through white paperthe organizational environment, technology,
available on the community website. Oneesources, and to specific project/s, at that
technique that DSDM proposes is the Moscowme, that these models incurred. Therefore, it
technique for requirements prioritizationwould be a common mistake to simply copy
(DSDM Consortium, 2008; Cobb, 2015).an already given process methodology and
(Abrahamsson,  Warsta, Siponen,  &apply it to a particular organization. This may
Ronkainen, 2003) state that Scrum as welork, but the chances of it being effective and
provides concrete practices for theproductive are slim. It is much more
requirements  specification phase angroductive to study these models and use the
integration testing phase. The Spiral modgirinciples and values they promote as
provides a template table which can be used inspiration for a custom organizational
the project initiation phase as well as whesoftware development method. This goes in
entering any later phase. This table isaccordance with all the models and
described in more detail in (Boehm B. W.methodologies created by big international IT
1986). companies (Microsoft's Sure Step, Oracle’s
OUM, IBM’s Fastlane, etc.) and with the"10

(Abrahamsson, ~ Warsta,  Siponen,  &State of Agile Report which states that 30% of
Ronkainen, 2003) conclude that the agilghe surveyed companies use a mixture of agile
community, literature, and developers arenodels.It is important that people involved in
being driven more by abstract principles thagefining the organizational PM procedure get
by concrete guidance and practices — “Thgcquainted with these process
agile community is more concerned abouiethodologies.One of the best lessons project
getting acceptance to proposed values than gfanagers, or team leaders on software
offering guidance on how to use the operativgrojects can learn from the agile movement, is
versions of these values.” The more detaileﬂi]at they have to find a way to use whatever
and practice oriented methods, such as XPesources as well as processes, which are
are very limited in their scope. More work isayvailable at the moment. This knowledge is
needed in determining how the describedso vital since in the last two decades, the
methods can be used in different organizationfepate about agile methods has been very
and situations, so that practitioners have ggnificant and researchers and practitioners
solid knowledge base on which to makeyre not aware of existing approaches or their
decisions. suitability for varying real-life software

, . development situations as evidenced b
In summary, all of the reviewed agile method; P y

; . - “{Abrahamsson, @ Warsta,  Siponen, &
are placing an emphasis on the followin onkainen, 2003)
aspects: (1) delivering something useful, (2 ' ’

reliance on people, (3) encouraging-ytyre work should be in the field of hybrid
collaboration, (4)  promoting  technical ;ogels which combine agile and traditional
excellence, (5) being consFantIy adaptablgevempmem practices  with project
(Abrahamsson_, Salo, Ronkainen, & WafSt%anagement approaches.  (Abrahamsson,
2002). In this paper another aspect i&alo, Ronkainen, & Warsta, 2002) mention
mentioned — doing the simplest thing possiblgyifferent authors which share the opinion that
more appropriate meaning would be doing thgy single development approach can conform
most important thlng p_qssmle, since all of thgy the whole spectrum of different projects.
methods perform prioritizations. Boehm, the author of the hybrid Spiral model,
recognizes in his work (Boehm B, 2002) that:
4. CONCLUSION “each approach has a home ground of project

It can be noted that all software devempme,ﬁharacteristics within which it performs very
models described in this paper, were create@€ll. and much better than the other, outside
developed, and tested in a particulaf@ch approach’s home ground, a combined
organization. For example, the Spiral modefPpProach is feasible and preferable.”

was implemented in TRW, the Scrum in Bel
Labs, Extreme Programming in Chrysler. Th
important word here is developed and teste
it is through trial and error, and with respect t

uture work should also be in the field of
&reating methods and models, which will help
8’rganizations analyze the characteristics of
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the project and the project environment and as Process (str. 175-176 ). New York:
a result propose a method for the particular ACM.

project. Examples of this new research can @obb, C. G. (2015)The project managers
found in Boehm’s new works regarding the  guide to mastering agile: Principles and
Spiral model, (Boehm &Belz, 1989; Boehm & Practices for an Adaptive Approach.

Turner, 2015). Hoboken, New Jersey : John Wiley &
Sons.
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