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Abstract— Agile methods have become popular in recent years because the success rate of project development using Agile methods is
better than structured design methods. Nevertheless, less than 50 percent of projects implemented using Agile methods are considered
successful, and selecting the wrong Agile method is one of the reasons for project failure. Selecting the most appropriate Agile method
is a challenging task because there are so many to choose from. In addition, potential adopters believe that migrating to an Agile
method involves taking a drastic risk. Therefore, to assist project managers and other decision makers, this study aims to identify the
key factors that should be considered when selecting an appropriate Agile method. A systematic literature review was performed to
elicit these factors in an unbiased manner, and then content analysis was used to analyze the resultant data. It was found that the
nature of the project, development team skills, project constraints, customer involvement and organizational culture are the key
factors that should guide decision makers in the selection of an appropriate Agile method based on the value these factors have for
different organizations and/or different projects.
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methods but do not have the courage or the confidence to
I. INTRODUCTION migrate to these methods [4], [24]. As a result, despite the
increasing use of Agile methods in software development
projects, some firms believe that migrating to Agile methods
involves a drastic risk [25]. Further, there has been little

Many companies want to implement good-quality systems,
and they want to do it quickly, at a reasonable cost and

ithi ifi 1], [2]. Theref [
pv;véns?a?&%ct[(l)c ssr::i(f)tpteo [S(])'-<[:a]lled 2&32;&%?;2?%%%25; research conducted to comprehend the difficulties associated
with the selection of Agile methods [25].

h syst 3 dithasb found that th tent of th
such systems [3], and it has been found that the extent of the Therefore, the main aim of this study is to identify the key

organizational team's skills [1], 4], [3], culture of the factors that need to be considered when selecting Agile
organization [2], [4], nature of project [5], and project Lo . - . .
ganizati [2], [4] . pro) [5] bro) methods. This will assist decision makers in selecting the

constraints [5] must be given in-depth consideration [6] X : . . =
when selecting an Agile method. However, selecting the most suitable Agile methods for different project conditions

most appropriate Agile method for a project based on in order .tollensure a sgcces;fl_ué outcome(.j To kth|s enfq,da
organizational capabilities is a difficult task [7], [8] because systematic literature review ( ) was undertaken to finc
there are many Agile methods to choose from, such asand evaluate the relevant research studies in order to identify

Extreme Programming (XP) [9], [10], SCRUM [11], Test- the factors that may influence the selection of Agile methods

Driven Development (TDD) [12], Feature-Driven [26], [27]. . . . ] .
Development (FDD) [13], Lean Development (LD) [14], The rest of this paper is orgc_';\nlzed as follows: Section Il
Adaptive Software Development (ASD) [15], Agile prowdes the background to Agile methods ar_ld some_of the
Modelling (AM) [16], Crystal Family Group (Clear, Red, tech_n_lque_s that have been adopted for their selection. In
Orange, Yellow) [17], Internet Speed Development (ISD) addition, it des_cnbes the r_esea_rch methodplogy that was
[18], [19], Disciplined Agile Delivery (DAD) [6], Agile employed in this study to identify the crucial factors for

Software Process Development [20], DevOps [21] Kanbanselecting Agile methods. Next, Section Il presents the
[22] and the Dynamic Systems ’Development ' Method "€Sults obtained from the SLR of the relevant works, and it

(DSDM) [23]. Moreover, many firms around the world are discusses the factors that were identified. Finally, Section IV
still unaware of the im’portance of employing a suitable provides a conclusion and defines the scope of further work

Agile method, while others may be aware of some of thesethat will be undertaken on this topic.
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[I. MATERIAL AND METHOD 4) Working software (solutions) which quantify the business

This section provides a brief background to the Valueis the bestway to measure progress.

emergence of Agile methods as well as the main techniques) Sustainable delivery and development by maintaining a
that have been used to select Agile methods. In the early constant pace.

days of system development during the 1950s and 1960s,

Code-and-Fix and Stagewise methods were used [28] anqO
then, in 1970, Structured Design Methods (SDMs) were
introduced which enhanced these methods [29]. In the
following decade, Rapid Application Development (RAD)

emerged to address the weaknesses of SDMs [30], [31]
Then, in the late 1990s to early 2000s, Agile methods

- i .~ principle of having face-to-face conversations (principle 3
emerged to facilitate the early development of high-quality above). On the other hand, daily meeting (SCRUM), whole
software products [23]. The chronological evolution of these ' ! !

: >~ team (AM), and pair programming (XP) focus more on

systems _devglopment life cycle (SDLC) methods is working together daily throughout the project (principle 1

lllustrated in Fig. 1. above) [33], while, 40-hour weeks is an XP practice that
focuses on maintaining a constant pace until the end of
project development (principle 5 above).

Currently, there are numerous Agile methods obtainable.
Therefore, it is difficult to select the most appropriate one in
order to allow the correct practices to be adopted, especially
for developing large, critical or complex projects [34].
Moreover, organizations cannot follow the same method to
RAD Methods implement all of their projects [16], [17], [35]-[37] because
of the different requirements of each project. In addition,
some Agile methods are not covering all the stages of the
development, they are considered as partial methods that
require significant tailoring to make them work in practice.
This includes the Crystal family of methods [17], AM [16]

! and, to a lesser extent, XP [10] and FDD [38]. On the other
Code-and-Fix hand, some methods such as DSDM [23] and ISD [18] are
eotestae Methoc: | more complete and require less tailoring. Obviously, a way

| needs to be found to ensure that the most appropriate Agile
1956 1570 1980 1850 2000 Do 206 method is selected [39]-[41] for a specific project. Therefore,
Fig. 1 Chronology of SDLC methods researchers and practitioners in the Agile methods domain
have started to investigate various techniques to select the
most suitable Agile method for a particular project. Table 1

Then, in 2001, a group of 17 software developers pejow shows the different selection techniques that have
(members of the Agile Alliance) collaborated to enhance andpeen proposed so far.

explore the new Agile development methods. They proposed  preyigus works have demonstrated that there is a need for
Agile methods based on some specific values and principlesyystematic identification of the crucial factors for selecting
under the so-called Agile Manifesto [32]. The four values 4, appropriate Agile method. However, even though several
are defined as follows: “Individuals and interactions over gy gies have investigated the selection of Agile methods, the
processes and tools, working software over comprehensiV§egearchers are not aware of any SLR that has been
documentation, ~customer collaboration over contract ypjished to identify the factors involved in the selection of
negotiation, and responding to change over following a agile methods. Therefore, the main objective of this study is
plan” [32]. Also, to help developers and project managers i yndertake an SLR to precisely identify the crucial factors
understand Agile methods and apply their values, thefo, selecting appropriate Agile methods. The main aim of
Alliance refined the values captured in their manifesto into undertaking an SLR is to identify the available research
12 principles, the following are the examples of the gygies relevant to a particular research question [26, 27]. As

Over the years, a range of practices has been developed
r use with different Agile methods to cover and achieve
the above principles [19]. For instance, active stakeholder
participation, the planning game, and the sprint planning
meeting are practices used in different Agile methods (AM,
XP, and SCRUM, respectively) that all focus on the

Agile Methods

Structured Design Methods

principles [32]: will be explained below, a total of 1073 studies were found
1) Stakeholders (customers and users) and developers mug@ be related to the search string for the SLR. However, only
work together daily throughout the project. 53 were reviewed because only these were found to

) ) i S contribute to answering the research question. The SLR

2) Build projects around motivated individuals. consisted of three stages: planning, performance, and

3) Face-to-face conversation is the most effective andreporting. The first two stages are explained in this section,
efficient method of conveying information to and within a While the reporting stage is covered in Section Ill.
delivery and development team.
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TABLE |
TECHNIQUES FORSELECTING AN AGILE METHOD

Selection technique

Description of technigue (based on factors considered)

Alistair Crystal Family [17]

In this work, it is argued that the size and criticality of the project are the main factors thg
affect the selection of an Agile method (see also Section IlI).

t could

The Radar Chart [42]

In this work, the researchers propose a radar chart technique to confirm the suitability o
methods and the following factors were considered: high team skill personality, nature of the
in terms of dramatic changes, less criticality and small team size (small project). Else, tra
approaches are more suitable. The researchers state that a flexible organizational cultur
needed when selecting Agile methods [42]. However, the radar chart is provided to confirm
Agile methods are suitable or not and it does not determine which Agile methods should be us

f Agile
project
ditional
2 is also
vhether
ed [43].

Informal Selection [40]

In this work, the researchers propose an informal tactic for selecting the most suitable Agile
Agile methods [40]. The researchers state that in order for project managers to select a
method, they need to have a deep understanding of both types of methods and anticipate the
that might occur in each. Thus, the researcher suggests empirical validation and investigatig
selection factors which might affect a specific category of SDLC methods [40].

or non-
suitable
problem:
n of the

The Slider [42]

In this work, the researchers propose a technique called the Slider to consider four selectior
when any organization decides to migrate to Agile methods [42]. The researchers suggest tha
of project uncertainty or instability, high customer responsiveness, the existence of an inn
culture, and less criticality, Agile methods would be better than traditional methods. Else, tra
methods would be more suitable, or there may be a need to adopt some traditional practices
the other hand, a related work states that in the case of mixed results a combination of Agile
and traditional methods is required [43]. However, this method of selection does not show
Agile methods are more suitable [43].

criteria

in cases
ovative
ditional
[42]. On
methods

which

Selection of Practices in Agile
Methods [41]

In this work, the researcher focuses on evaluating which practices to adopt by taking into acc|
project constraints and the nature of the project. When project managers tested the provided
method, they suggested that additional criteria could be incorporated for accurate decision m
selecting Agile method practices. However, the additional criteria were not discussed [41].

punt the
selection
aking in

Selection of Practices in Agile
methods [39]

The researchers proposed a formal method of prioritizing the practices in Agile methods, wher
approaches are derived from the Analytical Hierarchy Process (AHP) decision making tec
namely Rule-Description-Practice (RDP) techniques and cost-value analysis [39]. Both are cq
to elicit and prioritize the best Agile method practices [39]. However, the researchers state
approach is limited to only two criteria and it could be enhanced by some more selection factg
It has been suggested that issues such as quality, scope and time should also be t3
consideration [5].

eby two
hnique,
mbined
hat this
rs [39].
aken intc

General Agile Adoption [44]

In this work, the researchers suggest that the following five major factors should be conside
migrating to Agile methods:
Supportive organization culture especially in the case of negotiation
Trusted team including customers
High team skills even among developers
Developers’ opinion must be highly considered when selecting a method
Suitable organizational environment that facilitates communication between developmen
members and the customer.
However, these factors are provided as isolated factors and the researchers did not focus on
of each factor nor on the selection of an Agile method based on the provided selection factors.

red wher

t team

the valu

Methodology Selection Framework
[45]

In this work, it was found that project criticality and size highly affect the selection of Agile metrrods.

A. Planning Stage

Another question that was investigated based on the res
the SLR was “What are the techniques that have been

ult of
used

In the planning stage, the researchers started byto select Agile methods?” This question was included in
establishing the research question. Then the search stratecorder to investigate the previous techniques that have been
was developed based on the research question. The methcused in selecting Agile methads
for assessing the quality of the studies, definitions for data

extraction, and methods for synthesizing the findings were

all discussed in the planning stage. that Science Direct, IEEE Xplore, Emerald FullText, AC
Springer and Google Scholar would be the libraries to search
1) Research Questionthe main goal of the study was for primary studies. The researchers created the search

2) Search Strategyin the planning stage it was decided

M,

string

to identify the crucial factors for selecting Agile methods. shown in Table 2 to search these libraries. The search string
Thus, the research question was formulated as follows:covers the concepts that represent the selection of Agile
“What are the factors that influence the selection of the methods and consists of three parts. The first part was
available Agile methods?” This question helps in designed to retrieve any study that is related to Agile
summarizing and categorizing the crucial selection factors, methods, the second part to retrieve any study that is related
as well as in identifying gaps for further investigation. to the selection of Agile methods, and the third part to

528



represent the factors. Boolean ‘OR’ was used to join thegiven to two reviewers, who have done research in the same
alternative terms that have been used in the literature and tdield. The questionnaire required the evaluators to respond to
join the synonyms, while Boolean ‘AND’ was used to join five dichotomous-scale statements (Yes or No). The first
all three parts including their alternative terms and synonymsthree questions were subjective, and the next two questions
were objective and were based on those used in previous
TABLE II studies as follows:

SEARCH STRING APPLIED TOSELECTEDLIBRARIES Subjective questions:

Concept Alternative terms used in the - The study presents at least one factor that influences
: literature and synonyms the selection of Agile methods [49].
Agile method| (Agile method* OR Agile Process*) AND

« The study discusses the value of at least one factor to

Selection (Select* OR Choose* OR Opt*) AND o :

— —— adopt specific Agile methods [50].
Factors .(Factor OR Criteria” OR ASpe_Ct) « The study represents well-known experts’ opinions
Note: The asterisk symbol ¥ was used to include any word [26], [27].

variation of each search term. For instance, Method* included
different words used in the literature such as Methods OR  Objective questions:

Methodology OR methodologies. . The study has been published in a reputable journal
or conference proceedings [26], [27].

« The study has been cited [51]. (Note: Following this
question, the researcher considers Google Scholar
citation, 2015 studies were not included in this
question [51].)

The period reviewed covered the years 2001 to 2015. It
should be noted that 2001 is the starting date of the Agile
Manifesto and the year in which the term ‘Agile method’
was publically coined [46].

3) Selection of Primary Studieghe retrieved studies 5) Data Extraction StrategyFull details of the selected

were saved at Mendeley [47], [48], and they were evaluatedand reviewed studies were recorded [26, 27]. In this step, the

based on_ the fglloyvmg |nc_lu3|on and exclusion criteria: _ researchers sought to identify more specific information
Inclusion criteria (studies that met one of the following  about how each study contributed to answering the research

criteria were included): _ _question. The included studies were recorded using the
- Studies on any of the selection factors for Agile following data categories: Study ID, Citation, Objective,
methods; Research Methodology, Selection Factors, Finding and

- Studies reporting the crucial success factors thatConclusion, and Number of Citations.

might influence the selection of Agile methods. ) o o )

6) Synthesis of the Finding®\ quantitative synthesis
Exclusion criteria (studies that met one of the following Method was applied to count the frequencies of the different
criteria were excluded): factors in the primary studies, it allows researchers to

. Studies that do not concentrate on Agile methods; retrieve adequate data and understand the subject better [52].
. Studies that partially discuss Agile methods and do In addition, a qualitative synthesis was applied to code and

not include any information about the selection Summarize the factors appropriately. Then, content analysis,

factors for Agile methods; which is a scientific method that provides a summary and

. Studies on the general reasons behind the adoption o@nalysis of textual messages, was employed to investigate
Agile methods in comparison with non-Agile the factors in-depth. Using content analysis, words in a text

methods; are systematically and directly compressed and the content
. Studies on approaches for evaluating the agility of categories thus generated are therefore fewer in number
Agile methods; based on the explicit rules of the coding [53]. During coding,
. Studies on the implementation of Agile methods; each text segment is labelled and the text segment can range
. Studies on factors related to adopting tools when from a few words to a complete paragraph. This coding
tailoring Agile methods; enables the rearrangement and integration of words,
. Studies on the selection of security activities for Sentences or paragraphs that are interrelated so that a
Agile methods or the selection of software; meaningful portrayal of the data can be generated [53]. For
. Studies focusing on feedback models to control Agile this study, the outcomes are categories of factors affecting
methods in general rather than factors; the selection of Agile methods.

- Studies on critical attributes that affect the running of

a project using Agile methods. B. Performance Stage

In this stage, the output of the review protocol was
The selected studies were then thoroughly analyzed ancretrieved, the result of which is shown in Table 3.
the references cited in them were glanced over quickly to A total of 1073 studies were retrieved and 62 were
find other relevant studies that might provide an answer toselected based on the inclusion and exclusion criteria. In this
the research question. stage, where there were studies by the same author(s) that

. . : . had similar content, only the most up-to-date or latest one
4) Quality Assessmen# questionnaire was designed to was selected for further analysis.

assess the quality of the relevant selected studies and tu
make sure that they contributed to the SLR in terms of
answering the research question. The questionnaire was
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TABLE Il

RESULTSRETRIEVED FROMLIBRARIES

development team must be able to increase their skills when
migrating to Agile methods [17]. In any project, Agile

Source No. of retrieved | No. of included methods focus on the talents of the team. However, different
studies studies organizations have different teams’ skills and may follow
Science Direct 593 17 different Agile methods [6]. For instance, XP requires highly
IEEE Xplore 178 17 skilled programmers and effective interaction and
Emerald Insight 19 1 communication among them [7], [10], but other Agile
ACM 32 6 methods may require a different set of skills. Also, the skills
Springer 53 > of teams may vary [6] but a team could still adopt any of the
Google Scholar 198 16 FDD practices based on their experience [13]. However,
Total 1073 62

there is no concrete guidance on how to adopt these practices

[107]. The main sub-factors of development team skills are
communication skills, technical skills and experience
The third and final stage of the SLR was the reporting (competency), and domain knowledge. Each of these sub-
stage, which involved the analysis of the results retrievedfactors is briefly described in the following subsections.
from the libraries based on the search strategy. That is, the , L .
identification of the factors that influence the selection of 1) Development Teams’ Communication Skillhie
Agile methods. The results of the analysis are presented irP€rsonal characteristics of team members such as
Table 4. The table is followed by a detailed explanation of collaborative attitude are crucial [108] to the success of a
each identified factor and its respective sub-factors. ForProject. Empirical results demonstrate that having extensive

more details on each study cited in Table 4 readers can refecommunication skills is the main factor that influences the
to the original works. success of Agile methods [56], [109]. Studies have shown

that team communication is vital in implementing an Agile
TABLE IV method [35], [68] and in improving the method’s

TECHNIQUES FORSELECTING AN AGILE METHOD . . . .
effectiveness [57], [69]. In a project implementation,

I1l. RESULTS AND DISCUSSION

No. | Selection factors and sub- Sources Frequ effective team communication is one of the most important
factors . ency factors for the successful adoption of Agile methods [6], [68].

Development Team skills* Thus team communication between developers is important

1. | Development Teams [7,54-63] 10 when selecting appropriate practices to follow in an Agile
Communication Skills method [57], [59].

2. Development Teams’ [1,2,6,56,64- |12 . . . . .
Competency 71] For instance, in a multi-team environment, especially

3 Development Teams’ [72-74] 4 when implementing large projects, the adoption of XP is

difficult because its practices focus on the needs of
individual teams [7], [59]. Communication within the team

Domain Knowledge
Customer involvement

4, Customer Collaboration [7,35,54,75-19] 8 is also crucial when implementing projects using Agile
5. Customer Commitment [10, 80-82] 4 methods [7], [55], [60], [61]. Further, when considering the
6. Customer’'s Domain [54, 67, 83] 3 best practices for team communication, it is important to
Knowledge take into account the physical setting (e.g., direct or indirect
Organizational communication) [62]. Therefore, taking this factor into
7. | Organizational Culture 91[6' 56, 71,75, 842 consideration can assist in the selection of an appropriate
. 1 Agile method for a given project [54], [63] and ensure
Nature of project effective implementation of the method [57], [69]
8. Size [7, 16, 55, 64, 66| 16 ! ’
— 80, 84, 92-100] 2) Development Teams' Competency (Technical Skills
9. | Criticality 547'9863'9874'19021' 9 and Experience)The skills and abilities required in a self-

managed team following an Agile method are different to
3 those required in traditional methods [31]. They even differ
between Agile methods themselves [94]. Thus the factor of
competency is an important one. Competency in this context

102]
[84, 103, 104]

10. Decomposability
Project constraints

11. Cost [25, 75, 92,105]| 4

12. | Time [7,9, 54, 64, 75, | 6 refers to whether one has real-world experience in the
105] technology domain, has built similar systems in the past, and

13. | Scope [64, 65, 83] 3 has good personal and interpersonal skills [108]. Task

14. | Quality [7,83,93,101] | 4 allocation has been found to be heavily dependent on team

experience, which is directly related to the competency of
Note: *Development Team are the programmers, analysts,teams [70], [110]. In addition, individual skills are important
designers, testers, scrum master and Agile manager in task assignment, especially following a new innovation
such as Agile methods [70], [71]. For instance, Agile
_ _ ) methods emphasize producing and delivering working
It has been stated that “a bunch of novices will deliver a software quickly, which relies on the team members having
useless product, the choice is yours” [106]. Therefore, the necessary skill [1], [40], [85]. Hence, companies have
development teams’ skills are a crucial factor in any systemgtarted to adopt and implement practices to empower and
implementation, especially that of a critical system [17]. The jncrease the skills of their employees [56].

A. Development Team Skills
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It has been found that Agile methods require each team tcproject managers contemplate the adoption of practices to
contain at least 25 percent of technically competent peoplefind a suitable Agile method they take the degree of
when implementing any project [108]. Previous experience customer involvement into consideration [126].
in developing similar software is also of value [68]. Team Based on the results of the SLR, the collaboration,
members’ competencies affect the development pace and thknowledge, and the commitment of the customer were
delivery of software according to customers’ requirements. identified as the main sub-factors of customer involvement
Thus, the team’s technical skills is a crucial factor to that need to be considered when selecting an appropriate
consider in the selection of an Agile method as team Agile method. These sub-factors are discussed in the
members may not be familiar with all Agile methods [6], following subsections.

[64], [66], [68], [7Q], [97], [111]. , .

Developers’ skills and experience highly affect the . 1) Customer CollaborationThree of the 12 principles
adoption of Agile methods [67], [83]. Thus, inexperienced N the Agile Manifesto mentioned above are strongly related

developers may end up adopting inappropriate Agile to_th_e_ _collaboration factor_[32]._ One of the principles is
methods [17], [31], [67]. Additionally, pair programming pr|0r_|t|2|ng cus_tomer satisfaction through early a_md
has been a common XP practice but has been found to bcontinuous delivery of valuable software [32], which
inefficient [61], [112], [113], especially when the Teauires that the Qu_s_tomer demonstrate_s high motlvatlon_, a
programmers have incompatible and inappropriate sets ofS€NS€ 0f_resp0n5|b|I|ty tpwards _the.prOJect element, active
experience and skills for the tasks at hand [114]. In fact, it Participation, and on-site availability to the software
has been argued that it might be better if a problem weredevelopment team [1], [2]. Customer collaboration is, thus
solved by only one programmer [115]. Thus, technical skills IMPortant in the selection of an Agile method [7].
and experience are crucial factors in Agile method selection.  On-site customer collaborative practice usually involves
, . . interaction with one person as a representative, who is
3) Development Teams' Domain Knowledg@ghteen — normally an employee within the client organization.
studies show that team skill and domain knowledge arepgowever, for large projects that require the involvement of
common selection criteria in Agile team formation [72]. For mgre than one representative, collaboration among several
|nstar_1ce, excellent domain knowledge has been found _tocustomers may be necessary [77]. In such cases, the
Egg\t/clzltjjt;etoisthceo ::Ig‘::z O;sxznuisrip[gﬂn:efgg:r O:gmt";‘]'gpractices in Agile methods that highly support customer
collaboration for each project should be followed
select!on of Agile me_thod§ [72], [?4]. Also, inappropriate accordingly [75]. For eme::JIe, in XP, an effective
gelectlon of .the practices in an Agile method leads to POOrrelationship between the customer and developers is
implementation [72], [116]. necessary for project success [7], [35], [77], [78], [127].
B. Customer Involvement _Further, different prac'Fices for diff_erent levels of customer
The_agle Naniesio 2] Mighly values cusomer (oSt win et it e Mo
Wl However, ohing valiable CUsomers. can be @ 10 o sesumet eraboratos s a1 oo
challengmg_ process [117]. The importance ar_1d the degree Othe collaborative atmosphere [128].
customer involvement have been determined by Agile " cjose customer collaboration allows end-users to closely

researchers based on investigating how developers Wheyjign the system to their actual needs and feel a greater sense
started to follow Agile methods involved their customers ¢ ownership [90]. However, correct practices of Agile

[117]-[119]. However, there are contradictory findings methods in a different type of involvement (Less or High
regarding customer mvoIvemeljt. For instance, it was foundinvolvement) would highly impact project implementation
that full customer involvement is not necessary; rather, a 21[54]_ For instance, in a comparison of different methods such

percent level of involvement is sufficient [118]. Meanwhile, L< scrRuM. XP. FDD and Crystal, which each have a
other researchers state that customers do not need to be 0 ittarent ap;proa'ch to customer éollaboration it was

site at all and they can be replaced by a product managemergjemonstrated that the selection of a particular method based

team [117], [119]. However, others indicate that many o, this factor leads to the success of project implementation
software developers constantly value on-site customers an(s4]

prefer them to be available on-site [10], [120]-[123].

However, another case study indicates that sometimes on- 2) Customer CommitmentCommitment throughout

site customers could not be consistently available and wereall the stages of the development process can put customers
not actively involved [120]. However, it has been pointed under stress [81]. Thus, on-site customer commitment is
out that the customer is the only person who knows thecrucial when selecting the appropriate Agile methods [80],
business domain well and can decide on the resources, scof[82]. For instance, an uncommitted on-site customer
and schedule, and clarify vague complex projects [124], negatively affects the efficiency of the XP method [10].

125].

[ Ar1 empirical study indicates that customer involvementis  3) Customer's Domain Knowledgen Agile method
one of the most controversial topics in relation to Agile practices, incapable and unknowledgeable customers will

methods, and found that the customer must be involved,Put Project implementation at risk [54].  For instance,
collaborative, knowledgeable and committed but not feedback from an unknowledgeable on-site customer (XP

necessarily present all the time [118]. Therefore, to ensurePractice) will not assist in providing correct functionality
timely delivery of project iterations [9], [10], [125], when
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[67]. Hence, customer knowledge of the domain is one of theconsidered when selecting the appropriate Agile method.
main software process determinants [54], [83]. These sub-factors are described in the following subsections.

C. Organizational Culture (Type of Organization) 1) Size:Team and project size can affect the outcome

When any organizations adopts new Agile methods, if the Of different Agile methods in different ways [40], [101],
organization has a flexible organizational culture (which is [137]. Thus, when composing an Agile team, the size of the
collaborative) it could easily adopt any Agile method (if we Project and the team must be considered [55]. In Agile
consider this factor in isolation), whereas an organization Method selection, the project nature is taken into account
that is inflexible (rigid or hierarchical) and has a command- [97], and particularly the project size [17], [41], [64], [66],
and-control culture will face difficulties [6, 84]. Thus, the [80], [95], [97], [102].
type of organizational culture is one of the major factors to Most Agile methods can be used for small projects.
consider when deciding which Agile method to adopt [86, However, careful selection of the Agile method is necessary
88]. when the size of the team and the project are large [40], [96],

There are four main types of organizational culture, [98]. Small-sized teams could easily perform a smoke or unit
namely hierarchical, random, collaborative and synchronous,test to test the functionality of their implemented system and
which could be used to analyze the match between an Agileconduct integration testing accordingly. However, for a large
method and an organizational culture [87]. This and complex project, other types of testing such as
categorization has been applied to determine the relationshifhardware-in-the-loop and a comprehensive test environment
between the organizational culture and XP, and it was foundare required at the integration testing phase to detect most of
that XP practices can be adopted successfully by all fourthe defects [98]. The Crystal Orange method is suitable for
organizational cultures equally effectively [88]. In addition, large projects consisting of around 40 developers [94].
four different types of organizational cultural dimensions Meanwhile, FDD is suitable for projects with a very large
have been identified, namely clan, democratic, hierarchicalteam [96]. However, methods such as Crystal Clear [17] and
and disciplined [129]. Agile methods are generally XP [99] are not fitting for large projects due to
appropriate for the democratic culture [130], while some XP implementation difficulty [17], [93], [99]. In addition, the
practices fit well with the hierarchical organization [88]. On XP method requires no more than 10 developers in the
the other hand, the Schneider Culture Model divides project team [10], [92]. Thus it is clear that project size
organizational culture into four types: collaboration, highly affects the selection of Agile methods [7].
cultivation, control and competence [131]. It has been found o ) o
that collaboration, cultivation and competence cultures are  2) Criticality: An understanding of the criticality of the
suitable for Agile methods, while the control culture is not Proiect can help in determining differences in the results of
[132]. applylr_\g different Ag||¢ met.hods [94], [101]. The prOJec_t’s

criticality appears to highly influence the cost of the project

In an organization with a hierarchical or collaborative i
[5] and can affect human lives [34]. It also therefore affects

culture, different features and practices can be found in . A
different Agile methods to suit the given project [89]. Thus, the selection of an Agile method [41], [83], [94], [96], [97].
organizational culture is considered an important factor For instance, the Crystal Clear method is not suitable when a

affecting the successful adoption of Agile methods [56], [71], d€fect in the implementation of a specific project could
[86], [133]. Ignoring the culture of the organization when C2Use monetary loss [17]. In this case, the Crystal Orange

selecting an Agile method can lead to problems becauseMethod could be suitable [96], while FDD could be more
changing an organizational culture is very difficult [134]. In PPropriate for critical project development [92], [107].

fact, a multi-case study of nine projects demonstrates thatdditionally, the activity of project inspection can be
specific organizational cultures are correlated with the Practised in some Agile methods (e.g., DSDM, ISD) and is

effective use of Agile methods [86]. Therefore, it is Vvaluable in critical and complex projects [107].

necessary to take organizational culture into consideration 3) Decomposability: A decomposable project also
when selecting an Agile method [75], [90], [134], especially yequires appropriate Agile method selection [136]. An
because organizational culture cannot be changed to adapt taeroplane, radiation beam system or other critical systems
the selected Agile method [84], [1_34]. O_rganlzatlons are not.qu1d be implemented using Agile methods but would
the same [85], [135]. Thus, certain Agile methods may be necessitate in-depth consideration of the nature of the
successful in one organization but may cause system fa"““problem [136]. For instance, if the project cannot be
in others [85]. Therefore, organizational culture type iS an gecomposed into different sub-projects, scaling and adopting
important consideration in Agile method selection [84], [91] the most appropriate Agile method practices that suit the
project becomes difficult [136]. Also, SCRUM and DSDM

D. Nature of Project . . X
. are not suitable for non-decomposable projects such as video
Software development problems can be complicated andgames [103], [104].

thus can require complex and different solutions that involve

the adoption of different techniques and strategies [136].E. Project Constraints

Additionally, projects come in different sizes and have pelivery date (or schedule), cost, quality, scope, and
different levels of criticality, so there is no single Agile vajue are crucial considerations in any project
method that can solve all organizational problems [40]. implementation [1] and these factors determine the
Therefore, the nature of the project, in terms of its size a”dimplementation success of any project [5]. When a customer
criticality as well as its decomposability, has to be nsists on a specific delivery date, as well as specifies the
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quality, cost, scope, and value of the system, the developersimple design, which are XP practices, also focus on
need to follow the most appropriate method to satisfy the delivering high-quality products [7].
customer [5] and this could result in a change to their Principle four and principle five of ISO 9001 on quality
initially selected method. With flexible constraints, the team management identify the best processes (methods) that can
could adopt any familiar method that they prefer. However, effectively and efficiently accelerate activities. Additionally,
with rigid constraints, the team must find the most principle five also aims at aligning complementary processes
appropriate method to suit those constraints [136]. Hence,(methods) to improve efficiency [142]. Thus, selecting the
project constraints should be considered when selecting theappropriate Agile methods would increase the quality of any
most appropriate Agile method. The project constraint sub- project implementation.
factors cost, time, scope, quality are described in the To conclude the result, the conceptual framework in Fig.
following subsections. 2 below illustrates the factors discussed above that have
been found to affect the selection of an Agile method. The
methods whose efficacy is affected by these factors are XP,
SCRUM, TDD, FDD, LD, ASD, AM, Crystal Family, ISD,
AD, DSDM, DevOps, and Kanban (centre box in Fig. 2).
ach method comprises different practices and can be used
for different projects in different situations. For instance,
when the project size is large (more than 10 developers),
Yhen the XP method or Crystal Clear would not be an
appropriate choice, whereas other methods such as DAD and
rbrystal Red would be more appropriate. By considering the
degree to which each of the identified factors is important to
2) Time:Time is also a crucial project constraint. When the project, project managers should be able to select the
prioritizing the requirement, the implementation time should most appropriate Agile method for their needs.
be considered [105]. Some Agile methods, such as the XP As discussed in Section Ill above, the five factors that
method, focus on implementing the projects in a fast manneraffect any software development project are: Nature of
[9] while other Agile methods, such as Crystal Orange [94], Project (size, criticality and decomposability), Development
are not intended for this purpose [140]. Therefore, checkingTeam Skills (communication, domain knowledge and
the suitability of the adopted Agile method for an competency), Project Constraints (Cost, time, scope and
implementation that has a short timescale is very important,quality), Customer Involvement (collaboration, commitment
especially when the implementation schedule is specifiedand domain knowledge) and Organizational Culture
[64], [75] because it critically influences the project cost [5]. (hierarchical, collaborative, cultivation and competence).
Additionally, the time of system delivery to market must
also be considered when selecting Agile methods [54]. In IV. CONCLUSION

relation to this, the SCRUM and Crystal group methods ¢ s gifficult for project managers and other decision
supersede other Agile methods in terms of project delivery ;. overs to select the most suitable Agile method for a

speed [75]. specific project. A range of selection factors needs to be

3) Scope:The scope of a project is one of the key considered when selecting an Agile method. To aid project
software process determinants [64], [83]. The scope ismanagers in this important decision, a systematic literature
sometimes changed especially when the nature of busineskeview was undertaken to identify the crucial selection
requires multiple and frequent changes. However, in factors for the most well-known Agile methods. The review
SCRUM, no new functions can be added once the sprintidentified the nature of the project, development team skills,
towards project delivery is underway [109]. If changes to the Project constraints, organizational culture and customer
scope are required, Kanban works better because it focuseiivolvement as the key factors that can assist project
on minimizing and limiting the work in process [65]. managers in selecting the best Agile method for their

purposes, and thereby help them to decrease project costs

4) Quality: quality of adopting a particular practice must and the likelihood of project failure. Further work will be
be considered especially when the implementation of high-undertaken by the researchers to validate the identified
quality projects is sought [25]. Therefore, practitioners selection factors empirically, investigate how they can be

should be encouraged and guided when deciding on the besised in selecting Agile methods and finally how the selected
practices to adopt because this could improve the quality ofmethod can be adapted.

the processes used [83], [93].
In an investigation of the quality of implemented projects ACKNOWLEDGMENTS

that compared the pre and post process adoption data t0 gpacial thanks to the reviewers for assessing and checking
determine the severity of errors and defects of passed anghe selected studies. We also acknowledge the Faculty of
failed test cases, it was concluded that SCM obviously |nformation  Science and Technology at Universiti
improved software quality [141]. The sprint review meeting Kebangsaan Malaysia (UKM) for supporting this research

is the main practice for improving quality in the SCRUM \nder Fundamental Research Grant Scheme project
method [96]. However, pair programming, refactoring and (FRGS/2/2013/ICTOL/UKM/02/2).

1) Cost: Cost is one of the key factors under project
constraints [138]. When prioritizing certain requirements,
the implementation cost should be considered [105], [139].
Thus, checking the cost-effectiveness and acceptableness
the adopted practices (in Agile methods) is very important
[25]. For instance, FDD and ASD do not support keeping the
process cost-effective, whereas the Crystal group of method
is more cost-effective compared to other Agile methods [75].
On the other hand, the XP and Kanban methods focus o
cost saving [92].
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