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Abstract

Software development agility is the capability to manage various kinds of changes during the development
process. Agile methods purport to facilitate processes that can address agility. However, the underlying
dimensions of agility are not well elucidated in the literature. Specifically, what constitutes software
development agility and what are organizational antecedents and outcomes of the agility dimensions are
research questions that remain to be adequately answered. To bridge this literature gap, this study presents
agility dimensions with corresponding descriptions that can help develop measures of agility. This study
will contribute to the theoretical literature by developing better understanding about the measurement and
nature of agility. Furthermore, the study will provide guidance to practitioners regarding specific processes
for achieving agility in the agile software development process.

Keywords

Software development agility, agile software development, agility, agile methodology, delivery capability

Introduction

The need for adapting to changing customer requirements has resulted in shifting from plan-driven
traditional software development methodologies to incremental and iterative development methodologies
such as agile software development methodologies (Nerur et al. 2005). According to the 2015 Chaos report
by the Standish group, agile software development projects are often three times more successful than
projects based on traditional methodologies (StandishGroup 2015). Agile methodologies can enable
organizations to achieve flexibility in software development process for managing unpredictable and
changing conditions (Maruping et al. 2009). Although many studies have examined the theoretical and
practical aspects of agile methodologies, agility still remains a nebulous concept, lacking in clarity,
particularly about its underlying dimensions (Balijepally et al. 2014; Wendler 2013). There is a need for
quantitative research to create empirical measures for software development agility (Conboy 20009;
Sheffield and Lemétayer 2013). This research aims to fill this literature gap by empirically identifying key
dimensions of agility and proposing their corresponding measures.

Literature Review and Conceptual Development

Agility and Team Delivery Capability

In software development literature, agility has been conceptualized in many different ways (Cockburn
2006; Conboy 2009; Highsmith 2004; Lee and Xia 2010; Lyytinen and Rose 2006; Sarker and Sarker 2009;
Sheffield and Lemétayer 2013). In this study, we adopt Conboy’s (2009) definition of agility: “the continual

readiness of an ISD method to rapidly or inherently create change, proactively or reactively embrace
change, and learn from change while contributing to perceived customer value (economy, quality, and
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simplicity) through its collective components and relationships with its environment” (p. 340). Based on
the literature and our qualitative study on agility facilitators (Batra et al. 2016), we conceptualize three
underlying dimensions of agility: sensing changes (Conboy 2009; Li et al. 2010), responding to changes
(Conboy 2009; Lyytinen and Rose 2006) and learning from changes (Conboy 2009; Lyytinen and Rose
2006). Sensing changes refers to being proactive and anticipating changes so that the development process
can become more effective and efficient (Conboy 2009; Li et al. 2010). The team should have the relevant
business and technical skills in order to achieve anticipation capabilities, which in turn requires IT and
Business teams to continuously collaborate. Responding to changes is an important constituent of agility
because IT and business teams should be able to implement changes during the development process.
Teams can achieve agility when they are able to respond to changes in an effective and efficient manner (Li
et al. 2010). Agile principles emphasize the adjustment of team behaviors at regular intervals to become
more effective and efficient (Conboy 2009; Highsmith 2004). For example, the Scrum method recommends
for a retrospective meeting at the end of each iteration for the purpose of learning from project experiences
(Chau and Maurer 2004; Schwaber and Sutherland 2011). Learning from changes is required in order to
enhance over time team skills and project agility. Thus, agility can be conceptualized as consisting of
sensing, responding, and learning cycles. Table 1 shows the three agility dimensions, their definitions and
literature sources.

Dimensions Definitions Key References
Sense Change IT and Business teams are able to anticipate various (Conboy 2009),

changes during the project (Li et al. 2010)
Respond to IT and Business teams are able to deal with various (Lyytinen and Rose 2006),
change changes during the project (Conboy 2009)
Learn from IT and Business teams are able to enhance their (Lyytinen and Rose 2006),
Change capabilities to sense and respond to various changes | (Conboy 2009)

due to their past work experiences during the project

Table 1. Agility Dimensions and their definitions

Team delivery capability refers to the team’s ability to effectively and efficiently utilize member’s skills,
including technical, business, interpersonal, problem solving, and management skills, to successfully
implement customer requirements. It is the capability of a team to deliver based on planned tasks. Team
delivery capability is one of the critical success factors of agile software development projects (Chow and
Cao 2008). We distinguish between agility and team delivery capability such that team delivery capability
is the ability to deliver planned task and agility is the ability to deal with changes. If there are changes during
the project, the team needs agility to deal with various types of changes.

Project Outcomes

Project success depends on the extent to which the customers perceive the project outcomes to meet or
exceed their expectations. Project success can be defined in either objective (time, cost) or subjective
(quality, customer satisfaction) measures (Siau et al. 2010). Customer satisfaction is one of the main
emphases of agile values and principles. Agile methods increase customer satisfaction by frequently
delivering value (Fontana et al. 2014), producing high quality products (Maruping et al. 2009), and dealing
with frequent project changes. In this study, we conceptualize project success in terms of project efficiency
parameters (time, cost) (Chow and Cao 2008; Lee and Xia 2010), customer satisfaction with changes and
customer overall project satisfaction (Sheffield and Lemétayer 2013). It is important to distinguish between
customer satisfaction from changes and overall customer satisfaction. Customer satisfaction from changes
is a better indicator of project agility because it reflects customer satisfaction from various type of changes
only. A team may be effective and efficient in doing planned tasks, but it may not do equally well in dealing
with changes.

Aspects of Changes
Change is a central concept of agility (Conboy 2009). In order to define the context in which agility is

needed, it’s important to define and categorize the various kinds of changes that the software development
process encounters. Agile methods such as scrum emphasize on responding to user requirement changes
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only, but there can be other changes such as changes in hardware and software resources, human resources
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and budget (Conboy 2009). Table 2 shows various change aspects and their descriptions.

Aspects of Changes

Description

Key References

Technical
Requirement Changes

Changes in technical attributes of the system, such as
performance-related attributes, reliability attributes,
scalability attributes and availability attributes

(Conboy 2009),
(Li et al. 2010)

Business Requirement
Changes

Changes in functionalities of the systems that can bring
business value to the customer

(Conboy 2009),
(Li et al. 2010)

Technological
Resource Requirement
Changes

Changes (addition or removal) in hardware and software
resources which helps IT and Business teams to make
system development more effective and efficient.

(Conboy 2009),
(Li et al. 2010)

Human Resource
Requirement Changes

Changes in human resources with relevant skills which
are required to make system development more effective

(Boehm and Turner
2005),

and efficient. i.e. a member left or joined the team (Conboy 2009)
Budget and Schedule Changes in resources (time and budget) for the given | (Conboy 2009),
Changes requirements. i.e. priority of the requirement changed so | (Vidgen and Wang
need to deliver early 2009)

Table 2. Changes and their descriptions
Antecedents of Agility and Team Delivery Capability

Agile software development processes such as communication, collaborative decision making between IT
and Business teams, and iterative development process are common across different agile methods.
Collaboration with customer or customer representative (e.g., business teams) is needed for various
activities during the project such as planning, prioritizing, reviewing, and providing feedback (Hoda et al.
2011). The decisions about various project activities are made after discussions with the IT team and the
customer (Drury and McHugh 2011). Agile processes are people centric, so communication is very
important (Nerur et al. 2005). It is an important factor for success in agile software development projects
because communication problems combined with frequently changing requirements can be unfavorable for
the project success (Korkala and Abrahamsson 2007). Iterative development refers to the development of
software system in short iterations with continual testing and integration. Delivery strategy has been shown
as an important success factor for agile projects (Chow and Cao 2008). Iterative delivery of software and
test driven development are key agile processes (Cockburn 2006; Fontana et al. 2014).

Proposed Research Framework

In this study, we conceptualize agility as the outcome of agile processes. Agility is defined as the emergent
capability of various agile processes, including communication (Fontana et al. 2014; Korkala and
Abrahamsson 2007), collaborative decision making (Batra et al. 2016), and iterative development (Chow
and Cao 2008; Hoda et al. 2011). Based on agile literature and a qualitative study on agility facilitators
(Batra et al. 2016), we identify these processes as the key determinants of achieving agility and team delivery
capability. Our proposed research framework is shown in Figure 1.

Communication and IT-business collaborative decision making are required to plan and deliver customer
requirements. They become more critical when there are frequent changes during the project. It is
important to collaborate to not only plan and deliver customer requirements, but also to identify and
manage the changes that frequently occurring during the development process (e.g., user requirement
changes). Therefore, communication and collaborative decision making affect team delivery capability and
agility. Feedback of previous iterations from the business teams must be communicated effectively to IT
teams so that they can work on the changes suggested in the feedback. Delivering working software through
iterative approaches in short iterations reduces wait times for customer feedback. It facilitates anticipating
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and responding to requirement changes quickly (Cockburn 2006; Highsmith 2004), which facilitates agility
in the project.

Customer satisfaction is achieved when given requirements are delivered and changes are responded to in
an effective and efficient manner. Therefore, we propose that team delivery capability and agility affect
customer satisfaction. If agility is high, then changes can be implemented effectively and efficiently, which
will in turn enhances customer satisfaction. The team delivery capability is an indicator of the amount of
resources (time and budget) a team requires to implement the given requirements. Team delivery capability
affects project efficiency because if the team has higher delivery capability, then it can implement the given
requirements using less resources (time and budget limits). Agility is required to deal with various changes
in the project. Team members may require more resources than estimated to deal with changes in the
project. Therefore, we propose that agility also affects project efficiency.

II Project Outcomes
|
—
Capability

Project Efficiency

Customer Satisfaction

Customer Satisfaction
from Changes

Figure 1. Proposed Research Model

Research Methodology

Wherever appropriate, existing measures were used or adapted for this study. New measures for some
constructs were developed based on qualitative analysis of thirteen interviews with agile professionals as
well as literature on agile software development. Q-sorting was conducted with five experts for achieving
face validity of the measures (Straub et al. 2004). A few items were changed or rephrased after the q-sorting
procedures. Next, a pilot test was conducted with twenty-six responses from potential respondents for
validating the survey. After the pilot test, a few items were changed, rephrased, or deleted. An online survey
method will be used to collect data for this research study from professionals (software developers, business
analysts, managers) working on agile projects. The respondents will be approached through online
professional communities on social networking sites (e.g., LinkedIn). Survey questions will be measured
using a seven point Likert scale. Partial least squares (PLS) technique will be used for survey data analysis.

Expected Contributions and Future Research

This research makes a number of contributions to both IS research and practice. First, this study will
identify the agile processes that facilitate agility in a project. IT practitioners need to focus on these
processes to enable agility because it is important for dealing with emergent changes in the project. Second,
new empirical measures for agility and identified dimensions will contribute to the agile software
development literature. Most studies on agile software development are qualitative in nature. It is difficult
to understand the multifaceted nature of agility and its relationship with other variables without empirical
measures of agility. Finally, the empirical investigation of the relationship between agile processes and
agility will help develop a deeper understanding of the theoretical rationale behind agile methodology. The
lack of theoretical glue behind agile processes is a key shortcoming (Abrahamsson et al. 2009; Conboy
2009). This study purports to enhance our understanding regarding the theoretical underpinning of agile
software development. Future studies may investigate contextual factors that either facilitate or inhibit the
adoption and utilization of agile processes. Such contextual factors may include team autonomy,
organizational culture, and developer competence.
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