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Abstract: Software development agility has been regarded as a critical pillar of modern businesses. However, there is
still a way to find whether there exists a consistent, complete, precise, agreed and uniformed definition of it. In this
regard, this study firstly reviews the existing definitions of agility in the software development domain from the
literature. As one of the main results of this phase, we have seen that although agility has a remarkable root in the
software development domain, even its definition is still debatable and there are other concepts close to agility in terms
of definition but used interchangeably. There is another confusion about how some researchers define agility over other
different concepts, although there is no apparent unifying factor in their origins except their historical co-occurrence. In
addition, there are particular practices embedded into the agility definitions mostly from the manifesto and Scrum. After
uncovering the deficiencies of the existing definitions, we aimed to ratify the definition of the agility concept. Then, we
intended to synthesize the underlying facets of the identified definitions and propose a new yet more comprehensive
definition revealing the agility characteristics properly by considering the interpretations of the existing definitions.
Our study stands out by using a customized synthesis method for analysis, providing inputs to this analysis with a
comprehensive literature review, and the comprehensive evaluation of the facets with the support of the literature. We
are aware that agreeing on a definition is a valuable exercise and a good starting point for a better understanding of the
agility phenomenon that could enable and lead to more realistic implementations, less disappointment and
disillusionment, and possibly greater success rates for both practitioners and researchers.

Index Terms: Agile, Agility, Flexibility, Adaptation, Response, Software Development, SLR, Systematic Literature
Review

1. Introduction

Information system/technology agility has been highlighted as a critical pillar of modern businesses [1]. In
particular, software development as a complex domain adopts increasingly more agile approaches and has nowadays
reached wide adoption [2]. The basic idea of agile software development is to manage complexity with the need to be
able to respond to change [3]. Nevertheless, it is interesting that while the notion of agility in the software development
domain is not new, the term has no consistent, complete, precise, agreed, uniformed and standard definition yet [4, 5, 6,
7,8,9, 10, 11, 12].

As Turner [13] pointed out, there are nearly as many definitions of agility as there are agile practitioners. In that
case, the understanding and definition of agility remarkably vary [14]. As a result, many practitioners are confused
about agility [15]. This confusion involves practitioners [15, 16], theorists [16], and even the recognized gurus [17]. As
a result, the definition of agility in software development has not been well understood; people do mean different things
when they are talking about the concept [17]. Moreover, organizations implement agile approaches without a clear
understanding of how to define the word of agility [18].

People's different agility perceptions make application and evaluation of it very challenging [17, 19]. The
definitions can also be taken to promise what Agile Software Development has to offer. Its misleading definitions will
create unrealistic results, which will ultimately damage Agile itself. Inaccurate definitions and the corresponding base
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that such definitions establish will negatively affect all other Agile phenomena (frameworks, organizations, teams, etc.)
built on that base. As long as agility and its attributes cannot be defined, it is hard to understand how a software
development method might contribute to a development team's ability to be agile [20]. Hence, it is not feasible to
discuss the effectiveness and value of Agile methods [21]. For instance, whatever is constructed on an agility definition
directly proportional to speed, synonymous with flexibility or constrained firmly by adaptation, naturally deviates
organizations from accurate agility and its benefits. As a result, a more in-depth understanding of the agility concept is
crucial.

Apart from the studies providing their agility definitions, as for now in the academic literature, study [17] (not
systematically) reviewed the definitions of agility in the software development domain up until 2013 and listed a range
of facets of agility. To clarify the meaning of agility, Conboy, and Fitzgerald [22] and Conboy [23], the extended
version of the former one, carried out a (not systematic) literature review on the concept of agility across several
disciplines, including management, manufacturing and business. They also distinguished intertwined concepts of
flexibility and leanness along with their relationship with agility. Then, they form the iterative definition of agility by
merging underlying aspects from flexibility and leanness. Apart from these two studies, we have not encountered any
other study that reviews the definitions of agility in the field of software development. This situation implies that there
is still no systematic and up-to-date (covering also the last decade) study in this area.

Motivated with this gap, this paper first aims to review the existing definitions of agility from the literature. Then,
it discovers and synthesizes the underlying facets of the identified definitions. The paper uncovers the inadequacy of
existing definitions and provides conceptual differentiation among the agility concept with other similar paradigms
(such as flexibility, adaptability, leanness, robustness) to describe agility and proposes an overarching definition of it for
software development. Additionally, the process of agility is proposed to realize the inner mechanism experienced
during agility actions, then to reach and serve for a clearer and healthier definition of agility. Consequently, this study
focuses on three main issues:

e ldentifying current definitions of agility in software development domain from the literature

e Investigating at what extent they provide a proper definition for each individual source and in general

e |If there is a lack of a proper definition at the final, proposing an overarching one based on the appropriate parts
of the previous definitions and after clarifications of the relevant concepts with the support of the literature

Our study stands out with its up-to-date coverage, benefiting from the non-IT definitions, using a method for
analysis, providing inputs to this analysis and synthesis with a comprehensive literature review, and the comprehensive
evaluation of the facets with the support of the literature. The paper’s strength is that it aims to solve a large problem in
finding the overarching definition of agility. Since there are a lot of definitions already in existence, taking on the
multitude of definitions is a key strength in attempting to fill the gap. Additionally, one other strength is its access to a
large amount of updated research with definitions of agility. In terms of proposing a definition, most of the studies
provide a “take it or leave it” definition [23]. Unlike them, the definition of agility in our study is developed step by
step, through a deep investigation and evaluation of all relevant facets.

The paper is organized as follows. Section 2 outlines the background for the process of agility that will be used in
the further stages of the paper, especially during the development of the new definition of agility. Section 3 depicts the
proposed method applied in the study. Section 4 delivers the details of the literature review along with its results.
Section 5 elaborates the concepts encountered during the literature review stage as the relevant ones to agility concepts
to clarify their difference, similarity and correspondence. Section 6 provides discussions on the current definitions and
proposes a new one based on the background and baseline in Section 2 and 5. Finally, Section 7 delivers conclusions
and limitations.

2. Background: Process of Agility

As any process, the agility process starts with a trigger. This trigger may be a change or a need for creating an
action desired to be produced for a possible change that will be happening. The trigger can come from outside or from
inside the entity’s system. An example from inside is the emergence of the system's self-improvement need as a trigger
coming from within the system. This change can be any kind of predicted or unpredictable, expected or unexpected
change. Making a change is another step. This step happens first in reactive behaviors and after in proactive behaviors
by anticipating. The issue is that the later the entity detects it, the more time, money, and defects will be incurred [22].
After or before a change is happening, sensing and anticipating it (what is happening, or what will be happening) is the
next step. Sensing is about detecting and collecting data from the source that suggests the need for change [1]. After
sensing and anticipating, diagnosing, filtering, and interpreting input data occurs [1]. The entity evaluates and decides
on what response to prepare. This response can also be null (including not delivering any response). The last step is the
execution of the prepared response. This stage is where flexibility also plays a role; an inflexible entity may find
executing a given response harder than a flexible one does. However, a flexible organization may not be agile if it is
unable to detect and decide quickly and appropriately [1] and unable to make quick sensing (detecting and anticipating)
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[24, 25] or able to do so with a wrong sensing and responding that could be fatal for the significance of agility [25].
3. Research Method

Agility is not a concept unique to software development [22]. Indeed, it first appeared in the mainstream business
literature in 1991, when a group of researchers at the Iacocca Institute in Lehigh University introduced the term “agile
manufacturing” [26]. However, as argued by Conboy and Fitzgerald [22], “the search for a definitive, all-encompassing
concept of agility is not to be found simply through an examination of agility in other fields” that are having the same
problems as those studying agile methods in software development. Instead, it is to be found through an examination of
the underlying concepts of agility. Thus, this paper aims to develop a comprehensive conceptual definition of agility
applicable to the software development domain by considering useful definitions in other fields, enabling a more
satisfactory agility degree. To do so, we applied an exploratory, inductive research design to synthesize primary studies
for the purpose of making contributions beyond those achieved in the original studies, as proposed by Hoon [27]. It
involves the accumulation of previous studies’ evidence, and more specifically its extraction, analysis, and synthesis in
empirically consolidating primary studies [27]. To come up with a customized method for that purpose, we were
inspired by Hoon [27] which fits well into our study’s context. Accordingly, we applied these research process steps:

e Framing the Research Question/Objective: The research objective of this paper is to describe and discuss
the definition of agility in detail; and then to propose a formal definition of it for the software development
domain. With this purpose, the study aims to reach other related studies and related contents in the literature.

e Locating Relevant Research: A literature review on the concept of agility was conducted. This review
includes research on agility in software development primarily and Information Technology/Information
System (IT/IS) domain secondarily, and in other domains such as manufacturing, business, organizational
agility lastly. When it provides a domain-independent agility definition to serve our purpose, we appreciate
the multidisciplinary nature and evolution of the concept.

e Inclusion/Exclusion Criteria: The next step is to determine the appropriate inclusion of relevant studies by
defining and applying the inclusion and exclusion criteria to ensure the synthesis's validity [28].

e Extracting Data: The definitions of each agility and agility-related terms were extracted regarding the
literature review.

e Analysis at Individual Case Level: It is essential to analyze each case (each definition in our case)
individually to achieve the main objective of our study.

e Synthesizing Findings in the Analyzed Cases: The definitions of related terms and agility are then merged
to form a definition of agility. This definition is then subsequently justified in the light of the agility process
description proposed in this study. Given the literature's diversity, the researchers intend to ensure that the
definition represents agility in its most general sense in the domain. Due to each of these terms' broad nature
and the diverse interpretations of these terms that exist, it is better to allow the definition of agility constructed
and adjusted incrementally.

This method fits well to facilitate research objectives. Rather than applying a standard systematic literature review,
we get the core part of it needed to identify related studies in the literature, then by going further, our method analyzes
each individual definition and synthesizes individual definitions to merge them to form a new definition of agility.
Given the literature's diversity and agility’s broad nature and diverse interpretations, the method helps to reach an
inclusive, explicit and incrementally constructed agility definition.

4. Literature Review

The literature was reviewed to identify the studies that include definition(s) of agility in the literature. The review
method was determined iteratively. In the first iteration, to determine the appropriate keywords, a preliminary search
was conducted in Google Scholar with the word “agile” instead of “agility”, and the first 100 returned results were
examined to decide whether to include the word “agile” in the keywords. We realized that with the word “agile”, the
studies that define agile-related methods, frameworks, and agile software development itself, not a definition of agility,
were returned, and we did not include this word in our further search as they do not provide an agility definition.
Regarding the search location, in the second iteration, we first examined the effect of searching in metadata instead of
the full text by performing a metadata search in all of the libraries, including IEEE Xplore, Wiley, Taylor, DOAJ,
DBLP, and Web of Science, with the keyword in the Table 1. A total of 16 results were returned from the search results,
insufficient to cover up relevant resources (This result also indicates that the number of studies aiming to mainly define
agility is relatively low).

Consequently, we have concluded that our scope's relevant studies cannot be included in the metadata. The search
location was then expanded to full text in the last iteration. The review was done with the keywords in Table 1, between
16/12/2020 and 20/12/2020. For the selection of papers, the following propositions of exclusion criteria (EC) were
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specified and applied:

EC1: Papers not available in English.

EC2: Papers published in non-peer-reviewed sources such as thesis, web pages, and books (Although these
resources are likely to contain useful information in our scope, they are unlikely to be systematically reviewed).

EC3: Papers not accessible by the authors

A total number of 179 peer-reviewed works were returned from the search results seen in Table 1. After removing
seven duplicate records, 172 distinct works were reached. Additionally, nine papers were added after examining those
172 papers as relevant studies. They are deemed by the corresponding paper making the total number of 181 distinct
papers. Among them, four papers were not accessible online (EC3 in relevant) as there is no full text of them as soft
copy on the web. Apart from these, five of them are not accessible by the authors even though they have restricted
accesses (EC3 in relevant), and nine of them are not peer-reviewed (EC2 in relevant). The remaining 163 papers were
examined through their full texts to identify a definition of agility inside the paper.

To find the relevant definition contents inside the papers, the search with the keyword of “defin” (representing
“define”, “defines”, “definition”, “definitions”) was done. In addition to the explicit definitions inside the papers, if it is
stated by the companion paper that a definition is provided relating to our scope without any explicit definition, these
studies were also examined, but were not included in the total number of the results. We have already seen that all such
citations are included in our searches. For the definitions detected inside papers, the following propositions of inclusion
criteria (IC) and exclusion criteria (EC) were specified and applied:

IC1: Definitions of agility in software process and development and IS/IT domain

IC2: Definitions of agility in other than software process and development and IS/IT domain but not specific to
that domain and usable to include in our study

EC4: Definitions specific to enterprise agility, strategic agility, agile manufacturing and supply chain agility, and
such.

ECS5: Definitions of Agile software development methods, frameworks, models, maturity models etc.

EC6: Definitions consists of full of (Agile) practices (elaborated further as below)

It has been seen that 78 papers provide agility definitions in specific domains other than IT, just mentioning the
term “software”. Even, the paper itself mainly does not refer to the software. Their coverage includes agility in data
center, aircraft, anatomy, assembly systems, business, cybersecurity, defense employee, power systems, engineering
systems, enterprise, logistics, manufacturing marketing, organization, robotic, service-oriented e-commerce systems,
sports, supply chain, system-of-systems, systems engineering, and website agility. Those papers were excluded by
considering EC4. Among those excluded, 34 papers do not provide any kind of agility definition. A considerable
number of studies (39 of them) cite agility definitions from the other original papers, either included in our review or
otherwise (as they are not peer-reviewed papers) added to our list directly. It has been observed that frequently
encountered references are to the following (regardless of any order): study [22, 23, 29, 30, 31]. Additionally, 12 papers
(pointed as “SLR” in “Place” column of Table 2) provide their agility definitions within the scope of our study. The
whole process is depicted in Fig. 1.

Table 1. Result for Literature Review for Agility Definitions

Library Key Word Place # of Results
ACM Digital Library 18
IEEE Xplore Full text 73
Wiley (("define agility" OR "defines agility" OR "agility 34
Taylor & Francis definition" OR "agility definitions" OR "definitions of 26
DOAJ* agility" OR "definition of agility") AND software) Meta-data 0
DBLP* 3
Web of Science* 10
Google Scholar** (Agile OR Agility) AND (definition OR definitions) Title 15
Snowballing - - 9
Total 188

* Web of Science*, DOAJ* and DBLP* allow meta-data searching rather than in the full text
** Google Scholar does not provide searching in meta-data except specific to title

A Dbasic test was applied to examine whether the studies covered after the snowballing process are included or not
in our review. Thereby the completeness of the literature review might be evaluated by this test.

Regarding this test, as seen in the “Place” column in Table 2, six of them not detected are due to the item EC2, that
is, because they are not peer-reviewed publications. Two of them are not accessible online (EC3). One of them is in a
digital library not accessible by the authors (EC3). The remaining four of them are about the digital libraries covered by
the authors; one of these three is in a particular database (designsociety.org), one of them is in a database that is not
accessible by the authors (1G1-Global), one is in Springer, and the last one is in JSTOR. This result shows that we have
succeeded in identifying the relevant studies in all the searched library databases. We are aware that it is very
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challenging for us to scan the entire literature and in this sense, we had to proceed with a deliberately selected set of
libraries. Additionally, we have accomplished covering many possible definitions in the literature throughout the
libraries we have selected. We have come across a new definition from only two libraries (Springer and JSTOR) that we
have not intentionally covered.

(("define agility" OR "defines agility” OR

"agility definition" OR "agility definitions” OR

"definitions of agility” OR "definition of agility")
AND

(Agile OR Agility) AND
(definition OR definitions)

software)

ACM Digital Library, IEEE Xplore, Wiley, Taylor, DOAJ, DBLP. Google Scholar
Web of Science
‘—Rewe\u

Snowballing
179
Distinct:
7
—Duplicates
Not peer-reviewed 181 e
No full text available online-

4
Accessible Not accessible -

Out of scop 163 5

Citing others

No definition—

N
Within Scope L
78 34

J =N

Fig.1. Result for Literature Review on Agility Definitions

The definitions found from the snowballing process are included in our study, even though peer-reviewed
publications do not provide them. While especially books resources are likely to contain useful information in our
scope, they are unlikely to be systematically reviewed. Although these sources were not systematically reviewed, the
encountered definitions provided by them were also found useful and included in our study. Consequently, the contents
extracted from relevant studies are presented in Table 2. Definitions in the table are not meant to be exhaustive or
comprehensive. However, we deem them adequate to understand and scope the definition.

Despite the diversity in definitions, the software development domain can still learn from research findings in other
domains by adopting widely accepted and less context-dependent concepts [7], like agility. Thus, we regard such
definitions that are fundamental and domain-independent helpful to the software development domain for the
definitions based on domains outside software development or IS/IT, when it is feasible and valuable to mix definitions
of such variations. Thereby we covered the mostly encountered definitions of agility other than software development
or IS/IT domain, yet not specific to its domain and convenient to include in our study, to propose the universal agility
concept. They are indicated as “Agility (General)” terms in the table and mainly from the manufacturing domain. It is a
considerably mature domain posing a base for other domains in terms of providing agility definitions. Besides, we
found it helpful to include the general and generic dictionary definition of agility that poses generalizable abstraction
levels. The definitions should consider and cover the highest level of abstraction provided by the dictionary definition
of agility.
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Table 2. Existing Definitions of Agility

Domain # | Source Place Definition Facet(s)
P1 | [32] - Ability to expedite Quick
P2 | [33] ) The ready ability to fundamentally change states to accommodate | Continual readiness, timely,
unforeseen circumstances in a timely manner. unpredicted/unexpected
P3 | [34] - To move quickly and easily Quick and easy
P4 | [35] - Constant changes in a team or organization as it evolves in its lifecycle Constant changes, evolving
The ability to create and respond to change in order to succeed in an | Create and respond to
P5 | [36] - . . .
uncertain and turbulent environment. change, succeeding
P6 | [37] - Rapid and flexible response to change. Rapid, flexible, response
. P7 | [19] - The ability to create and respond to change. Responsiveness, create
Agility change _
(General) P8 | [24] - The ability of firms to sense environmental change and respond readily f:;;;/ng’ respond, being
. - . Responding, anticipated or
Pg | [38] ) Esfepondmg to change (anticipated or unexpected) in proper ways and due unexpected change, due
) time
P10 | [39] ) Uses feedback to make constant adjustments in a highly collaborative Constant adjustments
environment
P11 | [40] - Being gently rolling, light, flexible, witty and nimble. Light, flexible and nimble
The effective response to rapid and unexpected change with flexibility, Response, rapid and
. ; - Y . unexpected change,
P12 | [41] - implying adaptability and versatility in the domain to respond to such A L
flexibility, adaptability,
unexpected changes L
versatility
Iterative and incremental (evolutionary) approach to software development
which is performed in a highly collaborative manner by self-organizing Quality, cost-effective
P13 | [42] Web page | teams with “just enough” ceremony that produces high-quality software in | 3 Y '
: . . ] | timely
a cost-effective and timely manner which meets the changing needs of its
stakeholders
Capacity of a system to (i) detect any (potentially unexpected) situation .
P14 | [25] SLR that requires the system to change and (ii) adapt its global ::Jhnarr)]reglgt;:/g;bempt)ected
structure/behavior to that situation. ge, adap 4
desiansoci Capability to react, and adopt to expected and unexpected changes within a | Reaction, adaptability,
P15 | [43] etgor dynamic environment constantly and quickly; and to use those changes (if | expected and unexpected
y-0rg possible) as an advantage. change, constantly, quick
Being effective and maneuverable. Use of light-but-sufficient rules of | Being effective and
P16 | [30] Book . . et . :
project behavior and the use of human and communication-oriented rules | maneuverable, light
The continual readiness of an information systems development method to | Rapidly or inherently,
rapidly or inherently create change, proactively or reactively embrace | proactively or reactively,
P17 | [23] SLR change, and learn from change while contributing to perceived customer | customer value, collective
value (economy, quality, and simplicity), through its collective | components, relationships
components and relationships with its environment with environment
The continual readiness of an entity to rapidly or inherently, proactively or icr:1cl)12tr?r$t?l rea:g;rgis\félraglrd,
IS/IT/Soft | p1g [22] SLR reactively, embrace change, through high quality, simplistic, economical enty, p y
ware . ) S . reactively, embrace change,
components and relationships with its environment AR
Developm quality, simplistic
ent Agility | p1q [44] SLR As possible to promote quick response to changing environments, changes Responsiveness, quick
in user requirements, accelerated project deadlines, and the like
Ability to sense and respond to changes in an organization’s internal and | Sensing, responsiveness,
P20 | [45] Springer | external environment by quickly assembling resources, relationships and | quick, collective
capabilities components
P21 | [46] Book Information systems dev_elopment_and deployment methods to swiftly Adaptability, quick
adapt to the changing business requirements
P22 | [15] SLR Responsiveness to change Responsiveness
Ability of an organization to both create and respond to change in order to | Responsiveness, create
P23 | [47] Book s ; i
profit in a turbulent business environment change, value
P24 | [48] SLR Ablllty to quickly, and at an early stage, build functionality and quality Quick, proactivity,
into software
P25 | [31] SLR The ability of an organization to react to changes in its environment faster Reaction, fast
than the rate of these changes
P26 | [49] Not digital | Ability of the process to successfully cope with changes in requirement Successful
Software team’s capability to efficiently and effectively respond to and | Responsiveness, efficient,
P27 | [18] JSTOR | : ; A IVE D )
incorporate user requirement changes during the project life cycle effective, embrace change
P28 | [50] Book Ability to ‘detect new techniques’, and adapt those techniques to the Sensing, adaptability

organization
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P29 | [51]

IGI-Global

Agility is concerned with why and how ISD organizations sense and
respond swiftly as they develop and maintain information system
applications.

Sense and respond

P30 | [52]

Not digital

Ability to respond to changing circumstances where: Ability is
characterized by readiness and speed of action. Response is: (1) Making
use of an existing configuration (by internal means), (2) By
reconfiguration (facilitated by external means). Changing circumstances
may be: (1) A change in objective, (2) A change in environment, (3) A
change in condition. Agility is measured by: (1) Speed of action, (2) Cost
in resource, (3) Impact on effectiveness

Responsiveness, continual
readiness, speed, flexibility,
reconfiguration, cost-
effective, effectiveness

P31 | [53]

SLR

Ability of IT artifacts, of information stored within those artifacts, and of
the underlying processes that support and maintain the artifacts and
information to quickly adapt to changing business need

Adaptability, quick

P32 | [90]

SLR

Ability to continuously adapt to its complex, future and solution focused
needs

Constantly, adaptability,
proactivity

P33 | [54]

SLR

Ability to move quickly and easily, to adapt to changes of the reality or to
create changes becoming the reality, let us say in the domain of software
solution development.

Quick, easy, adaptability,
create change

P34 | [29]

SLR

A persistent behavior or ability of a sensitive entity that exhibits flexibility
to accommodate expected or unexpected changes rapidly, follows the
shortest time span, uses economical, simple and quality instruments in a
dynamic environment and applies updated prior knowledge and experience
to learn from the internal and external environment

Flexibility, speed, leanness,
learning and responsiveness,
persistent behavior

P35 | [55]

Book

Building software by empowering and trusting people. Acknowledging
change as a norm, and promoting constant feedback. Producing more
valuable functionality faster.

Change as a norm, value,
fast, acknowledging change
asanorm

P36 | [56]

SLR

The Information System is agile from the moment it appropriates a set of
processes and strategies that involves incrementally the user, to acquire the
ability to adapt flexibly to the information system changes and continue to
achieve goals, by decreasing response time, despite the pressure and the

Adaptability, flexibility,
successful, decreasing
response time

turbulent in the unpredictable environment

Study [38] argues that a definitive, all-encompassing concept of agility might be found by examining the
underlying agility concepts, i.e., flexibility and leanness. Some traits have emerged from our literature review: the
dimensions (facets) of agility definitions. Along with the definitions of agility, we then parsed the definitions in terms
of the dimensions (facets) as listed in Table 3 that the particular definition provides. In doing so, we ignored the
practical parts of those definitions as the practices paving the way to achieving agility (and its definition) can be
unlimited. We did not include such parts such as for the item “building software by empowering and trusting people”).
Similarly, study [31] argues that the definition of agility should use the ultimate purpose or function of being agile for a
business, rather than defining agility by a labeled set of practices. However, if a facet related to a particular practice is
clearly and explicitly stated by the author(s) as a facet of the agility definition, then we have included it in our list to
make it appear.

These determined facets were then grouped according to their similarities for a further detailed analysis and
discussion under the following topics. Thus, a part was dedicated to some facets to reveal the interrelated concepts with
and indispensable for agility definition (and therefore often used interchangeably). The development of the definition
and conceptualization of agility were then based on this grouping. Table 3 lists these grouped items. For the groups
including more than one word in the same line, (a) representative(s) (more well-known ones among the others)
concept(s) was/were chosen to represent the group in the further referring and are discussed either with a dedicated
subsection or as a content inside the relevant subsections (those facets are indicated as boldface in the content).

Table 3. Group of Facets

Representin Number
Group of Facets Description p g Sources of
Term
Papers
. . P1, P2, P3, P6, P9, P12, P13,
Quick, Rapid, Speed, Fast, | . . P15, P17, P18, P19, P20, P21
Timely, D_ue time, Decreasing | Time dimension of agility process Rapidity P24, P25, P30, P31, P33, P34 21
response time P35 P36
Delivering response as output of the agility P5, P6, P7, P8, P9, P12, P19,
Responsiveness process. Can be proactive, reactive, null or non- | Responsiveness | P20, P22, P23, P27, P29, P30, | 14
null output to external or internal environment. P34
Easy, Inherently,
m?nmeué:i?rﬁ’alc:];?ﬁgeasssa To expresses agility as a feature of natural, P2, P3, P4, P8, P11, P15, P16,
L . ' default, easy not an extreme, occasional and Inherently P17, P18, P30, P32, P33, P34, | 14
Being ready, Nimble, challenging state P35
Constantly, Persistent ging '
behavior
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- . - Unlike responsiveness, focuses on the inward
23?5:;22:{ » Reconfiguration, change of the entity, not on the response to Adaptability Eég gg Eég 531?? PP3261 . P28, 11
outward.
Represents producing the expected output. Since
Effectiveness, Succeeding, the quality of the output is proportional to the Effectiveness P5, P16, P17, P23, P26, P27, 9
Successful, Value quality of the input, naturally includes the input P30, P35, P36
qualifications.
Represents the actions triggered by an internal
Proactivity, Create change stimulus before the change takes place, without Proactivity PS5, P7, P17, P18, P23, P24, 8
! P32, P33
the need for an external stimulus.
Similar to adaptability, reconfiguration and
adjustment, focuses on the inward change of the
Flexibility, Versatility entity, not on the response to outward yet Flexibility P6, P11, P12, P30, P34, P36 6
different from them, in a predefined and
deterministic way.
Anticipated,
unpredicted/unexpected, Lists kinds of inputs subjected to agility process Change P2, P9, P12, P14, P15 5
constant and rapid change
Reactively, Reaction A I_<|nd of responsiveness, yet a passive position Reaction P15, P17, P18, P25 4
in its nature
Sensing Detecting internal and external stimulus Sensing P8, P20, P28, P29 4
As a feature that comes from Agile methods,
Light, Simplistic attributed to the methods that are easy to Simplicity P11, P16, P18 3
understand but difficult to implement.
Cost-effective, efficient About how much fuel the agility process Efficient | P13, P27, P30 3
consumes. Has a linear structure.
Embrace change, The general expression of positive attitude
Acknowledging change asa | towards change after sense and diagnosing of | Embrace change | P18, P27, P35 3
norm change.
Quality Expresses quality concept in its known sense Quality P13, P18 2
Represents the sub-components that make up the
Collective components entity a_cting in har_n?ony, alignment, collectively Collective P17, P20 2
and with a specific purpose throughout the components
agility process
Relationships with Means being in communication with the | Relationships with
- - - P17 1
environment environment due to the nature of the change. environment
Especially inspired from production systems, a
concept that aims to reduce waste and increase
optimization. Lean processes don't have to be
Leanness simple or lightweight; therefore, they are Leanness P34 1
separate items in the table. (While leanness can
be high in complex systems (e.g. cars, planes),
waste can be high even in simple processes).
Learning Re_fc_ars to continuqus learning to improve the Learning P34 1
agility process and its output.
Evolving To change or develop gradually Evolving P4 1

5. Related Concepts with Agility

Content validity is closely dependent on a careful definition of a construct, including distinguishing it from related
concepts [57] and their meaning boundaries. The lack of clarity in explaining the interrelationships among constructs
may lead to conflicting conclusions [58]. Thus, in this section, we will examine and discuss the prominent facets
determined in Table 3 related to agility, especially to reveal their differences, similarities, and relationships with agility
by specifying not only what it is but also what it is not. This clarification will form the basis for and lead to our
proposed definitions of agility. Among the facets, those open to the discussion were given a particular title below.
Along these facets under dedicated titles, relative yet partially transparent concepts were also covered and marked bold
under the corresponding titles. The literature review indicates inconsistency and ambiguity regarding the use of the
responsiveness, agility, and flexibility constructs. Therefore, it is unclear whether agility, flexibility, and responsiveness
are synonyms or distinct [33]; thus, we have given more space to distinguish them properly.

5.1. Flexibility

The literature shows that the content of the terms ‘flexibility’ and ‘agility’ have overlapping notions, which implies
the interchangeable use of these terms [7]. Both agility and flexibility present organizations' ability to respond to
changes in the environment, yet with different characteristics. However, confusing agility with flexibility seems to be a
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common mistake [1].

The most noticeable distinction between the two is that the time aspect has an emphasis on agility. Flexibility is
the general ability to react to changes [59], while agility is related to quickness in responding to variety and changes
[60]. Therefore, being agile presupposes being time-sensitive that inheres in agility, which differentiates agility from
flexibility [1].

According to Wadhwa and Rao [10], change in flexibility can be of two types: stochastic (uncertainty related) and
deterministic (certainty related). This indicates that flexibility is for responses with scheduled or planned adaptation to
unforeseen yet predictable and expected external circumstance changes and agility entailed for an unplanned and
unscheduled yet innovative response to unforeseen, unpredictable and unexpected circumstances [10, 61]. While
flexibility responds with a system's ability to change status for known situations with previously established procedures
and within existing configurations (with pre-established parameters), agility is viewed as an extension of flexibility;
agility allows the entity to respond to unpredictable changes [33, 62], with systems' ability to rapidly re-configure [33].
Hence, study [33] argues that agility is more than just ‘flexibility’ and subsumes or is supported by flexibility.

Flexibility is not a case of continual vigilance; instead, the entity deterministically and with its predefined
configuration setup is prepared for the change upfront. Agility on the other hand is viewed as the approach for a rapid
re-configuration of a system when faced with unpredictable changes [33], making flexibility more deterministic and
agility non-deterministic. Facing unexpected circumstances takes agility to a position with continual readiness and
awareness to adjust to change [63], pushing agility to behave naturally and effortlessly (referring to the items such as
easy, inherently, change as a norm, being ready) and efficiently.

Intrinsic and internal characteristic of flexibility also implies that the place of change is inside the entity itself.
However, in agility, the entity interacts with its environment in a mutual way to change the environment if required.
This distinction also takes us to another difference in terms of the area in which the change is created. In contrast, the
change in flexibility, adaptability, reconfiguration and adjustment is inside the entity. The agility change may refer
to a change inside the entity or its environmental relationships. It sets forth the fact that “an entity may not be a closed
system, rather it may interact with other systems in its environment and may be able to use these interactions to handle
change” [22].

From the viewpoint inside the entity, the term “flexibility” implies that the entity is homeostatic [23] within
deterministically predefined configurations in the face of change. However, not only can an entity try to shape into its
pre-defined state when a change happens or may occur (as with flexibility), but the entity may take advantage of the
change to take itself in a better position that is not inherently pre-defined in advance (as with agility) to maximize and
capitalize the potential benefit from the change. This is also the main reason why the entity embraces and welcomes the
change as a positive input.

Additionally, the entities can be the primary instigators of change. They can trigger themselves for a change ending
an improved position (such as in self-improvement and proactive approaches) in the agility context. Unlike one that is
usually passive and only subjected to change that originates outside of the entity, which is the usual case with
flexibility. Pro-action is where the entity takes actions to elicit changes before they occur, such as prototyping [22].

Lastly, agility is not a simple summing of the components; rather, it depends on their nonlinear relationship [50],
calling for the sub-components acting in harmony, alignment, collectively, and with a specific purpose throughout the
agility process. Thus, the sub-components relationship brings additional complexity to the entity (especially at the run
time), not a typical case for flexibility.

5.2. Responsiveness

We see “responding to change” as the widely recommended feature of agility. Study [33] defines responsiveness as
the system’s actual and purposeful change in behavior or outcome (in the external side) caused by a stimulus.
Responsiveness is defined by Barclay and Dann [83] as “reacting purposefully and within an appropriate timescale”.
Kruchten [31] defines agility as “the ability of an organization to react to changes in its environment faster than the rate
of these changes”. While the definitions of responsiveness and reaction look alike and seem close to a possible agility
definition, we prefer to use “responding” as a better reflection of agility than “reaction to” in describing it. Reaction-
based agility definitions take us to a passive position of re-acting. Although IS/IT has traditionally taken a passive
position throughout its history as it has been seen as a business-driven body, it is not a standard rule beyond ages [54].

As well as using agility to react to change in an after-the-fact behavior, even software development agility should
permit an entity to instigate and create a change, proactively, in advance of the change. The concept of responsiveness
indicates that an entity can take some active steps (offensive mode) or embrace change by taking no action (defensive
mode). As well as having a passive mode to manage changes, agility can additionally be used proactively to anticipate
and act to create a change in advance of change proactively. While the term "adaptation” suggests that the driving
force is change and the entity's actions result from that force [22], agility indicates a two-way process covering reacting
to change and influencing it by creating changes. Proactive activities, if done well, should thus reduce the need to react.
Therefore, the less reaction required, the higher the level of robustness achieved [22].
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5.3 Rapidity

Throughout the agility process, the time dimension should be the central criterion to evaluating the entity’s agility,
from low to high level. Agility is not a binary state of "being agile" or "not being agile". Several intermediate states
(shades of grey) do exist [82] in terms of time frame, which makes responding both in a year or a couple of days agile,
at different degrees for a specific event. Since time is such a key criterion for determining and evaluating the degree of
the entity's agility, it is imperative to involve it in the definitions.

In line with this view, according to our literature review and Conboy [23], the term rapid (along with speed, quick,
and fast) takes place in most definitions of agility. The majority of the studies already indicate the time aspect as a
primary agility attribute. However, some of the studies indicate speed as a primary measure of agility. For instance,
Gren and Lenberg [15] argue that the temporal dimension that agility calls for is speed as necessary in the Agile space.
In parallel, study [87] puts forward that the concept of quickness and speed is at the heart of agility. However, Conboy
and Fitzgerald [22] have emphasized rapidity instead of speed in the definition of agility. We agree with this choice
because speed has a linear characteristic while rapidity is more suited to represent the versatility and diversity required
for agility; moving fast without an appropriate timescale, e.g., using a long way, is not agile by definition.

The temporal dimension of agility must naturally include the notion of time taken by the entity to sense, determine
what action to take, and carry out that action. Quick and accurate sensing (detecting and anticipating) [24, 25] and its
relevance is critical to agility [25]. However, speed alone should not be considered a success measure [22]. According
to Aoyama [81], Agile Software Development does not merely mean rapid application development. Instead, it
emphasizes rapid and flexible adaptation to changes in the process, product and environment. Volberda [80] also
acknowledges the value of the change by comparing large or strategic valuable change with a slow response to rapid
response to a familiar change.

5.4 Leanness

Studies have a hard time distinguishing between agile and lean [74]. The core of lean relates to efficiency (i.e.
doing things right), which is about removing waste while sustaining the same productivity [75]. Leanness focuses on
“the reduction and elimination of waste” [76, 77] and “doing more with less” [78, 79]. Leanness aims to approach the
zero (waste) point. Agility, however, leans more on the expansion of perspectives; learning (fail fast), creating some
features only to understand customers better at the earliest, costly cross-functional teams in agile to produce time-
effective responses. Therefore, agility is not about improving efficiency or cutting costs [63]. This "haste” to respond
quickly in agility may “make waste", implying that leanness and agility approaches can be contrasted serving in two
different directions. Therefore, we disagree with the definition of “dealing with change while minimizing the cost” in
the agile approach, as proposed by Conboy and Fitzgerald [22]. However, some agile development ideas are shared
with Lean Thinking [17]. Agile has a lean perspective by advocating just enough documentation, reducing "ineffective
communication™ occurring mainly in the hierarchy, tools, and processes. This leanness saves time by preventing the
waste of time by removing unnecessary steps in processes where agility is needed and supports agility in this sense.
Hence, lean and agile approaches are used together somehow, yet with some confusions and contradictions.

Simplicity forms a key tenet of lean thinking [23]. However, Lean systems do not necessarily have to be simple,
and sometimes, it is not possible to be so. For example, every part in an airplane or mechanic clock representing a
complicated system has a role. It cannot be possible to find a point in the name of waste, which is enough to call it
“lean” by definition. Then, it would be misleading to state that such complicated yet lean systems are simple. Therefore,
these two concepts stand as separate items in the table and throughout this study.

5.5 Simplicity

Agile systems to manage complex systems do not bear inherent simplicity inside. Appelo [64] and Leffingwell
[65] state that agile is context-specific depending on complexity theory. With simple systems, it is only possible to
manage complexity with a low-level degree of agility. Study [66] notes that "the very name agile suggests that the
method should be easily adjusted to suit its environment", making the agile system itself complex, not simple. Appelo
[64] notes that most people misunderstand agility because they have not understood complexity theories from which
agile originates. According to him, any simplistic, linear model (that poses predictability somehow) is bound to fail. For
example, with Scrum, which refers to itself as "simple”, it is claimed that agility is not guaranteed by applying it, even
fully [67], and even more, the real agility does not come to light in the constraints of such methods [68]. Adolph [69]
stresses that agility depends on organizational culture and climate rather than tools and processes. This cultural
dependency makes agility complex enough beyond far from simplicity. Although some people claim a link between
agility and simplicity regarding simplicity as an agility provider, few studies prove this assertion.

5.6 Quality

Some client constraints (such as unstable requirements as in Agile) were considered obstacles in developing
software with quality [70], especially within tight and rigid deadlines in Agile [93]. Conboy and Fitzgerald [22] argue
that dealing with change leads to diminished quality. Similarly, study [71] reports cases in which Agile harms quality
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mainly due to the stress of time inherited in agility. In this manner, agility and quality are two separate and sometimes
opposite concepts that pull in different directions instead of gains in the same direction. For instance, Gren and Lenberg
[15] propose quality as a force against agility to balance it. Systems with high quality are expected to be more agile, but
agile systems do not assure, even inhabit, to produce better quality results.

5.7 Learning

According to study [72], an agile entity improves over time as it gains experience and knowledge from its internal
and external environment. Boehm and Turner [73] assert that “agility applies memory and history to adjust to new
environments, react and adapt, take advantage of unexpected opportunities, and update the experience base for future”.
“Updating the experience base for future” happens in almost all areas like in quality management.

5.8. Effectiveness

Theoretically, the initial triggering change does not have a role beyond being a trigger in the agility process. To
clear up this assertion, let us consider these questions:

- Is it agility to respond rightly to wrong (not valuable) change?
- Isitagility to react wrongly to the correct change?

Contrary to common belief, the answer to the first question may be yes (regarding the degree of the relevance of
the response). Agility acts when the process is triggered, and it does not necessarily question the qualifications of the
inputs. It is similar to the product backlog list prioritized (inputs) and presented by the product owner in Scrum to the
development team. The value of change itself is not an argument that can be handled exclusively within agility. Even in
a ship set for the exploration of the continent of America, it is very likely to respond to the changes pushing it to India,
which is, of course, sufficient to call it agile. From another point of view, if something (value generation) can be
happening without any change (management), it may not be necessarily related, at least directly, to agility. In the same
vein, why should the process for a cheetah to choose its prey (development project) be agile. In other words, responding
to changes and identifying valuable changes are two aspects needed to be considered separately.

Contrary to what is generally known regarding the second question, the agility process does not guarantee
producing and delivering the proper response to the change. This means that there is no inherited assurance mechanism
in the process for it. No devotion beyond what a usual process inherently bears for this concern regarding producing the
correct result or being effective, successful or valuable, is also valid for the agility process mainly. Conversely, it is
suggested that agility be balanced with other stabilizing factors so that it does not become dizzy due to its focus on
change-orientation and does not sacrifice other factors despite the speed. (Right) value must have priority over speed,
and factors such as quality as a force against agility to balance it should be in place [3]. Study [54] reports that agile
adaptation without a balance can damage quality, enterprise-wide, risk-driven, systematic, realistic approaches, and
satisfactory inspection. They add that it may lead to the emergence of unsustainable structures that will not benefit the
customers in the long run and to the teams resulting in isolation, moving away from the holistic picture with adaptation
pressure. Consequently, agility indicates a means to enable (not to guarantee or ensure with a commitment) specific (not
a whole) aspects of a desirable outcome rather than an end in itself.

5.9. Evolving

The output of the agility process can be another input to another agility process or itself. This successive nested
relationship of the processes allows for iterative and incremental growth called gradual development. However, since
this situation is optional, it does not have to be within the definition of agility.

6. Discussion

6.1 Discussion of the Existing Definitions

Table 4 lists the identified negative and positive sides of existing definitions based on the discussion and
distinction of the concepts above. The negative sides include 28 different items. As discussed previously, passive mode
represents only one side of agility. After seeing the differences between flexibility and agility, we can say that
attributing agility to solely flexibility is not correct. While there are numerous ways of achieving agility, it is erroneous
to put certain practices in the definition (consider an organization having self-organization teams and still following a
traditional process). According to Gren and Lenberg [15], some people often interpret agile as a set of practices and
ignore essential factors. Including items in the definitions, such as quality, conflicting concepts with agility, does not
make agility definitions better. We have seen that some definitions focus only on the input side, and some solely on the
output side of the process. Although agility should not be limited only to specific environmental contexts (such as a
dynamic or turbulent environment), it is observed that some definitions have contextual reductions to specific
environments in their definitions. Certain degrees of changes may be experienced within many different contexts
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bearing varying characters, and agility may become a natural requirement of such environments. Another handicap of
such a limitation in determining the threshold of a dynamic or turbulent environment is about how to determine the
threshold. As discussed, agility does not guarantee the right results, high value, or success. In some definitions, agility's
main essential items, like the time aspect, are not covered. The minority of the studies define agility by comparing it to
waterfall-like development methods. According to Gren and Lenberg [15], it is cumbersome and misleading to define a
concept only by contrasting it to something else.
Considering the positive sides, a proper definition of agility should involve time dimension, all types of changes
(expected, predicted, unexpected and unpredicted), responses (proactive, reactive, from inner and outer), all types of
realization, including sensing and operating the agility process as a norm, easily, continually, persistently and
inherently. The definitions should inherit the dictionary definition features, which is the most generic definition; "to
move quickly and easily". Therefore, the positive sides include ten different items, as shown in Table 4.

Table 4. Negative and Positive Sides of Definitions

human and communication-oriented rules

almost all of the definition is about how

# Definitions Negative Sides Positive Sides
p1 | Ability to expedite Only includes the time dimension -
The ready ability to fundamentally change states to | Not all change types covered, changing states is | Rapid, unexpected change,
P2 accommodate unforeseen circumstances in a timely | used equivalent to flexibility. being ready
manner.
p3 | Tomove quickly and easily Very generic definition Quickly and easily
Constant changes in a team or organization as it | Not all change types covered, there is no
P4 evolves in its lifecycle dimension of time, covers only limited |-
dimension of the agility process
The ability to create and respond to change in order | The definition of the environment from which
P5 to succeed in an uncertain and turbulent | the change originates may not cover all types, | Including both proactive
environment. there is no dimension of time, agility does not | and reactive response types
guarantee the right results
P6 Rapid and flexible response to change. Passive mode, attaching agility solely to | _
flexibility
p7 The ability to create and respond to change. There is no dimension of time Including both proactive
and reactive response types
The ability of firms to sense environmental change | The entity is not software development specific, | Responding, being ready
P8 and respond readily not all change types covered, covers only
limited part of the agility process
P9 Responding to change (anticipated or unexpected) in | Passive mode, "in proper ways" is too generic |
proper ways and due time. term
Uses feedback to make constant adjustments in a | Covers how sides, there is no dimension of time,
P10 . - - . . . L -
highly collaborative environment adjustment is used equivalent to flexibility.
Being gently rolling, light, flexible, witty and | Being light is not a basic requirement for agility,
P11 nimble. provided with an antithesis, recursive definition | -
(agility is agility).
The effective response to rapid and unexpected
P12 change with flexibility, implying adaptability and | Covers how sides, there is no dimension of time, | _
versatility in the domain to respond to such | adjustment is used equivalent to flexibility.
unexpected changes
Iterative and incremental (evolutionary) approach to
software development which is performed in a
highly gollit')oratlve minner by self-organizing Agility does not guarantee the right results,
P13 teams with “just enough” ceremony that produces s -
high-quality software in a cost-effective and timel almost all of the definition is about how.
gh-quality y
manner which meets the changing needs of its
stakeholders
Capacity of a system to (i) detect any (potentially | Adaptation oriented, not all change types | “Potentially" statement
P14 unexpected) situation that requires the system to | covered, indicates proactivity
change and (ii) adapt its global structure/behavior to
that situation.
Capability to react, and adopt to expected and | Passive mode, adaptation oriented, Agility does | "if  possible”  statement
unexpected changes within a dynamic environment | not guarantee the right results, the definition of | indicates no obligation
P15 = ] ) :
constantly and quickly; and to use those changes (if | the environment from which the change
possible) as an advantage. originates may not cover all types
Being effective and maneuverable. Use of light-but- - .
P16 sufficient rules of project behavior and the use of Agility does not guarantee the right results, |
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The continual readiness of an information systems

development method to rapidly or inherently create . . Cor_1t|nua| . readiness, 1o
. . Covers how part, includes the conflicting | rapidly or inherently create
change, proactively or reactively embrace change, cer : P . .
" S concepts that are difficult to be with agility | change, including both
P17 and learn from change while contributing to L - : -
perceived customer value (economy, quality, and together, covers on!y I|n_1|ted part of the agility | proactive  and reactive
simplicity), through its collective components and process (not delivering side) response types, embracing
- : o h change
relationships with its environment
The continual readiness of an entity to rapidly or | Covers how part, includes the conflicting
P18 inherently, proactively or reactively, embrace | concepts that are difficult to be with agility | _
change, through high quality, simplistic, economical | together, covers only limited part of the agility
components and relationships with its environment | process (not delivering side)
As possible to promote quick response to changing | Not all change types covered "Quick response" statement
P19 environments, changes in user requirements,
accelerated project deadlines, and the like
Ability to sense and respond to changes in an | The agility process may not produce an output | "Quick response”
P20 organization’s internal and external environment by | only through these activities. statement, covering both
quickly assembling resources, relationships and internal and external sides
capabilities
Information systems development and deployment | Adaptation oriented, not all change types | “Swiftly” statement
p21 methods to swiftly adapt to the changing business | covered, limited entity types
requirements
p22 | Responsiveness to change Passive mode, there is no dimension of time "Responsiveness” statement
Ability of an organization to both create and respond | Agility does not guarantee the right results, the | Including both proactive
P23 | to change in order to profit in a turbulent business | definition of the environment from which the | and reactive response types
environment change originates may not cover all types
Ability to quickly, and at an early stage, build | Not change oriented, very narrow definition -
P24 . . L
functionality and quality into software
P25 The ability of an organization to react to changes in | Passive mode, the correlation between input and -
its environment faster than the rate of these changes | output doesn't have to be this way
P26 Ability of the process to successfully cope with | Very generic definition -
changes in requirement
Software team’s capability to efficiently and | Not change oriented, limited entity types, very | -
effectively respond to and incorporate user | narrow definition, covers only limited part of
p27 requirement changes during the project life cycle the agility process (only the output part), not all
change types covered, there is no dimension of
time
P28 Ability to ‘detect new techniques’, and adapt those | There is no dimension of time, adaptation | -
techniques to the organization oriented, not all change types covered
Agility is concerned with why and how ISD
P29 grganizations sense _and_ resp_ond swi_ftly as they | Sensing, responding
evelop and maintain information  system
applications.
Ability to respond to changing circumstances where: | Covers only limited dimension of the agility | "Respond to  changing
Ability is characterized by readiness and speed of | process (only the output part of the process), | circumstances”  statement
action. Response is: (1) Making use of an existing | using speed rather than quickness, attaching |covers most of the
configuration (by internal means), (2) By |agility to flexibility, reconfiguration is not | variations, "readiness"
P30 reconfiguration (facilitated by external means). | necessarily facilitated by external means, | statement
Changing circumstances may be: (1) A change in | Agility does not guarantee the right results
objective, (2) A change in environment, (3) A
change in condition. Agility is measured by: (1)
Speed of action, (2) Cost in resource, (3) Impact on
effectiveness
Ability of IT artifacts, of information stored within | Not all change types covered, limited entity | -
those artifacts, and of the underlying processes that | types, adaption oriented
P31 S . ! )
support and maintain the artifacts and information to
quickly adapt to changing business need
Ability to continuously adapt to its complex, future | Not all change types covered, adaptation | -
P32 and solution focused needs oriented, there is no dimension of time, covers
only limited part of the agility process
Ability to move quickly and easily, to adapt to | Adaptation oriented, not all change types | Including both proactive
P33 changes of the reality or to create changes becoming | covered, "move" statement is so generic term, | and reactive response types,
the reality, let us say in the domain of software | Agility does not guarantee the right results "quickly and easily"”
solution development. statement
A persistent behavior or ability of a sensitive entity
that exhibits flexibility to accommodate expected or | Covers the how part, includes the conflicting
unexpected changes rapidly, follows the shortest | concepts that are difficult to be with agility
P34 time span, uses economical, simple and quality | together, attaching agility solely to flexibility, | Persistent behavior, sensing

instruments in a dynamic environment and applies
updated prior knowledge and experience to learn
from the internal and external environment

the definition of the environment from which
the change originates may not cover all types
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Building software by empowering and trusting
people. Acknowledging change as a norm, and
promoting constant feedback. Producing more
valuable functionality faster.

The Information System is agile from the moment it | Attaching agility solely to flexibility, Agility | -
appropriates a set of processes and strategies that | does not guarantee the right results, the
involves incrementally the user, to acquire the | definition of the environment from which the
P36 ability to adapt flexibly to the information system | change originates may not cover all types,
changes and continue to achieve goals, by | covers how part

decreasing response time, despite the pressure and
the turbulent in the unpredictable environment

Agility does not guarantee the right results, the
rest of the definition is about how, essential
main items of agility not covered,

Acknowledging change as a

P35
norm

6.2 Towards a More Overarching Definition of Agility

Evidently, the connotations of the current definitions of agility are still not sufficient, which leads us to propose a
more overarching definition of agility in the software development domain that has been developed in light of the
considerations made in section 5.

Regarding the "must-parts" of the prospective definition, the definition should cover it throughout when
considering the agility process. The first step in the process is the sensing part, making the sensing statement
prerequisite for the definition. The changes to sense might include predicted, unpredicted, certain, uncertain, rapid,
moderate, external and internal changes. The kind of environments producing those changes should not be necessarily
turbulent, constantly changing, fast-paced or such. Environments that do not have these characteristics can naturally
produce all kinds of changes listed. Embracing and acknowledging change as a horm should be the nature of agility
supported by the entity's inherently easy abilities and agility processes. Then, the internal activities dealing with the
change (the “how” part aforementioned) can vary, and this step may be sufficiently complex in itself. To represent
delivering the output step, among the candidate terms including Responsiveness, Adaptability, Reconfiguration,
Adjustment, Flexibility, Versatility, we prefer to use Responsiveness as it, being more encompassing, meets the relevant
process step and other related terms. Despite the widely adopted passive stance, agility should also meet the active
stance and include proactive behaviors in it. Across the whole process, regarding the time dimension indispensable for
agility, we prefer to use “promptly” representing the whole bunch of the relevant terms.

Regarding the “should-parts”, Leanness, Light, Simplistic, and Quality are not the essential parts of the definition.
They can be related to or even conflicting with agility yet as a separate concept, at best. The dimension of effectiveness
in the definition is a subject open to discussion. We have seen that this issue has not been discussed enough in the
literature we have examined. Nevertheless, as a result of the argument, we made earlier, we do not see the necessity for
this concept to be within agility's essential definition. We think it has been subsequently injected into the agility
definitions by those who suggest it for different reasons. When it comes to Learning and Evolving, we regard them as
optional and not mandatory for all cases, then not to be included in the definition.

Therefore, we propose the following refined definition of agility in the context of software development which
reflects considerations of the aforementioned negative and positive sides; “the ability of software development entities
including processes, people, technology, tools and approaches to sense and embrace predicted, unpredicted, certain,
uncertain external and internal changes, and responding to them reactively or proactively in a timely and inherently
manner”.

It is noted that the agility process is convenient to be generically outlined. There are a few aspects that lead this
process to variations. One of them is the changes taken as the inputs. These changes can be significantly varying, and it
is impossible to list them individually. However, it is possible to list the categories of these changes instead. Another
point of variation is the flows in the entity's internal processes to evaluate and decide the change and prepare for the
response. The flow paths can also vary significantly, including the subcomponents, their practices, and the dynamic
functions. Thus, it goes beyond the limits of being included in the definition. Lastly, the output given as a response may
be unpredictable, so it is only possible to define it as a "response". Therefore, the definition we come across has evolved
towards a generic definition for agility, and only the types of entities that indicate the context remain specific. On the
other hand, this is the main reason why the definition remains relatively generic.

7. Conclusion and Limitations

For a remarkable time, agility has been in the software development industry [91] reaching a wide adoption today
[92]. The main arguments and discoveries of this study are as follows; although agility has a remarkable root in the
software development domain, even the definition phase, supposed to be one of its first phases, is debatable. We have
seen that there are other concepts that are close to agility but are used interchangeably. In particular, it is common to
confuse flexibility with agility. On the other hand, it is another confusion that some researchers define agility over the
concepts of simplicity and lean thinking, although there is no other apparent unifying factor in their origins except their
historical co-occurrence. The reasons why simplicity, which is not inherent in complex systems, has been incorporated
into the definition of agility needs further reasoning. In addition, we have seen that there are practices embedded into
the agility definitions by some researchers mostly from the manifesto and Scrum. It may probably be due to the fact that
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the theoretical knowledge on agility is behind its practical knowledge. However, this situation reduces the definitions
that are supposed to be conceptually broad to a narrow scope of the practical level.

Moreover, from our work and the works of Laanti [17] and Gren and Lenberg [15] in particular, we confirm the
apparent confusion on the definition of agility in the software development context. To define software development
agility, the challenges can be diverse. As one of them, due to its nature, agility is a concept that is hard to define [89]. It
seems as a word so broadly used that its meaning has been overly inflated [88], and the broadening of the concept of
agility has made it harder to define [12]. Agility is a very seductive, vague, and elusive word, evoking confusion with
immediate and personal definitions for almost everyone, leading us to multiple meanings of it [9, 16, 19, 79, 84].
Today’s meaning of agility in software development was adopted independently [6] and differs significantly from the
dictionary definitions and the ones used before its adoption by the software engineering industry [85]. This indicates
that the software development domain has proposed a different meaning to the phenomenon of agility by giving its
definitions, which poses a research gap. Lastly, theoretical knowledge on agility is behind its practical knowledge [19],
resulting in a lack of knowledge on the academic literature side. All this implies that the endeavor to define agility is
still a viable need and attempt for software development. As an instance of such an attempt, we aimed to ratify the
definition of the agility concept even though it is an insurmountable task. We are aware that agreeing on a definition is a
valuable exercise and a good starting point for a proper understanding of Agility [86] and a better understanding of the
phenomenon could enable and lead to more realistic implementations, less disappointment and disillusionment, and
possibly greater success rates [19]. In this regard, our study combines, synthesizes and analyzes the current definitions
then, after investigating the positive and negative sides of the current definitions, an overarching definition has been
proposed.

We are also aware that the concept of agility is complex and multidimensional (i.e. not simply about
responsiveness to changes) [6]. It conceals many facets, the definitions of it vary considerably. Regarding these aspects,
in this research, various definitions of agility were gathered through a literature review. The facets that the definitions
suggest were identified and discussed separately to bring the concept to a higher level of abstraction, then synthesized to
create a new yet more comprehensive definition revealing the agility characteristics properly. Other concepts that seem
close to agility were addressed in the way amenable to differentiation. In our definition of agility, as initially intended,
we have preferably ended up with bringing the concept to a higher level of abstraction that has resulted in extending the
breadth of the concept and reducing its properties. Hopefully, this approach facilitates our proposed definition's
traveling ability and its applicability to a wide range of heterogeneous contexts.

As Laanti [17] mentioned, agility in software development is an abstract concept, and it will likely take time to be
fully understood. We hope our study serves as a stepping stone for this understanding and shortens the time required for
it. Moreover, through the evaluations and definition outlined in this paper, we believe that it can help practitioners and
researchers to understand, apperceive, and evaluate the agility of any agile objects in the software development domain
(e.g. methods, frameworks, organizations, systems, processes). Agile has been mostly practice-led and a fashionable
management concept [19]. Our study hopefully contributes to theorizing it.

Our study contains all the hereditary limits and thread to the validity of a systematic review study. The procedures
used in our study have limitations in several ways. More likely, we may have missed some relevant studies as we did
not include all possible libraries. In particular, we have missed studies published in not-peer-reviewed sources, such
books, as it is not practically possible to cover them all. There is also a possibility that our search keyword may not
address all definitions. A single researcher extracted the data from the studies as a threat to reliability. Regarding the
selection of the facets of the definition of agility, why some were eliminated or partially used, although they are
mentioned in the literature were based on the literature and author’s opinion; a sound methodological support for the
decisions is not applied. Generally speaking, even though the proposed method is based on the well-established
systematic literature review techniques and Hoon’s study [27], it still stays in theory with no experiments provided to
prove the validity and efficiency of it yet. In addition, paradoxically, we are aware of throwing the new agility
definition to the universe that needs to be justified further.

As an avenue for the future work, we will provide a justification of the identified issue with the current definitions
pointed out in this work with empirical data. Then, if needed, we plan to propose a sound update to our proposed
definition.
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