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ABSTRACT

Background The underlying philosophy of the agile manifesto is embodied in principle one
which promotes the continuous delivery of software that is deemed valuable by
the customer, while principle twelve encourages continual improvement of the
delivery process. This constant improvement, or maturity, is not a concept
unique to agile methods and is commonly referred to as a maturity model. The
most common of maturity model is the Capability Maturity Model Integrated
(CMMI). However, research consensus indicates CMMI might not fully be
compatible with agile implementation, specifically at higher levels of maturity
without sacrificing agility. Agile maturity models (AMM), which are aligned to
agile principles encourage continuous improvement while maintaining agility.

Aim/Purpose Given the underlying philosophy of the agile manifesto, this study investigates
whether an increase in agile maturity is associated with improved perceived pro-
ject success.

Methodology The study employs a conceptual model based on an existing agile maturity
model that is related to perceived project success. Using an objectivist perspec-
tive, a quantitative method was employed to analyze the results of an online
survey of agile practitioners.

Contribution The significant contribution from this research is the validation of the
conceptual model relating the activities and maturity levels of the AMM
as the independent variables to the dependent variable of perceived
project success.
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Agile Maturity Models and Perceived Project Success

Findings The data analysis found that a significant positive correlation exists between
maturity levels and perceived project success. The strongest correlation was
found at the highest maturity level, with relatively weaker correlation at the low-
er levels of maturity. It can thus be concluded that a higher level of maturity in
the AMM is positively associated with perceived project success.

Recommendations The study has practical implications in highlighting that performance manage-

for Practitioners ment, requirements management, regular delivery and customer availability are
key areas to focus on to establish and continually improve the success of agile
implementations. This study further assists practitioners in systematically identi-
tying the critical agile activities, such as the use of story cards, continuous deliv-
ery and the presence of a knowledgeable customer.

Recommendations The contributions of this study for academics is the confirmation of the matuti-

for Researchers ty model developed by Patel and Ramachandran (2009a). This study also shows
the association between the individual activities within the maturity levels as
well as the maturity levels and the perceived project success, addressing a gap in
literature relating these concepts.

Future Research It would be useful to replicate this study whilst following a qualitative approach.
The study could also be replicated with a sample consisting of agile project cus-
tomers.

Keywords Agile, Scrum, XP, Maturity Model, Agile Maturity Model, Agile Process Im-

provement, Project Success, Agile Success

INTRODUCTION

As a result of the ever-changing business environment and the need to produce quality software
more rapidly (Silva et al., 2015), the agile manifesto was created in 2001. The agile manifesto contains
a set of four value statements and twelve principles for agile methodologies (Fowler & Highsmith,
2001). Principle twelve of the agile manifesto encourages teams to strive to improve the process of
software delivery continually. In an effort to attain this constant improvement, organizations typically
utilize maturity models such as Software Process Improvement (SPI) frameworks. A maturity model
is a predefined process improvement model for improving the desired outcome (Fontana et al.,

2015).

Nowadays, organizations are increasingly interested in combining maturity and agility within software
development projects (Silva et al., 2015). To that effect, this study has explored the concept of an
agile principle-based maturity model. Patel and Ramachandran (2009a) propose an Agile Maturity
Model (AMM), which is based on agile principles. The AMM proposes a five-level model of increas-
ing maturity, with key agile process focus areas at each level. Each maturity level fulfils at least one of
the agile principles and corresponds to a more mature agile implementation. In general, the intent of
a maturity model is the continual improvement of a desired outcome (Fontana et al., 2015). Since the
underlying agile philosophy is the delivery of quality software, it can be logically concluded that an
increase in agile maturity should relate to an increase in the perceived success of a project.

However, a review of the current literature highlights a lack of research relating to improved maturity
in an agile maturity model to project success. While studies exist which relate the maturity levels of
Capability Maturity Model Integrated (CMMI) to improved project success, Gren et al. (2015) con-
clude it would be useful to perform such a study in the context of an agile maturity model. Without
an empirically validated agile maturity model (Gren et al., 2015), there is limited guidance for practi-
tioners to reference which agile processes in the AMM will increase the project success rate. Though
Patel and Ramachandran (2009a) propose an agile principle-based maturity model, research has not
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yet been conducted to investigate whether higher AMM maturity relates to improved perceived pro-
ject success.

Addressing the stated research problem, the purpose of this research is to ascertain whether improv-
ing (maturing) in agile discipline is associated with improved perceived project success. The research
is intended to provide empirical evidence independent of the agile method, industry, or organization
in which it is being applied.

The purpose of this research is to ascertain whether improving (maturing) in agile discipline is associ-
ated with improved perceived project success by providing empirical evidence, independent of the
agile method, industry, or organization in which it is being applied. The specific research question is
“How are the different maturity levels of the Agile Maturity Model (AMM) as proposed by Patel and
Ramachandran (2009a) associated with perceived project success?” The related sub-question is “How
are the specific process areas of the different maturity levels in the AMM associated with perceived
project success?”

LITERATURE REVIEW

THE AGILE MANIFESTO

The agile manifesto is intended as a guide for software development projects to be more responsive
to changing business requirements whilst continuously delivering quality software rapidly (Silva et al.,
2015). This is underpinned by principle one, “Our highest priority is to satisfy the customer through early and
continnous delivery of valuable software” (Fowler & Highsmith, 2001, p. 30), which can be viewed as the
driving philosophy for agile methodologies. The agile manifesto does not prescribe a specific meth-
odology but instead provides a set of guiding values and principles.

Though the conceptualization of the agile manifesto is considered the birth of modern agile method-
ologies, it served as a consolidation of the principles and values being applied in major iterative de-
velopment methodologies. The origin of agile methods stems back to Iterative and Incremental De-
sign and Development (IIDD) dating to as eatly as the mid-nineteen fifties (Glazer et al., 2008).
1IDD implemented a continuous process improvement approach in which feedback and collabora-
tion were continuously sought in developing software (or a product) to ensure customer satisfaction
and improvement (Johnson, 2002).

AGILE TEAMS INCLUDING BUSINESS REPRESENTATIVE

The agile principles strongly support and promote the concept of a cross-functional, self-organized
team (Fowler & Highsmith, 2001). Typically, agile teams consist of five to nine people, having all the
roles required to deliver the software (Papadopoulos, 2015), allowing the team to be self-sufficient,
which leads to improved project success (Stettina & Horz, 2015). This is consistent with the ‘whole
team’ concept from Extreme Programming (XP) in which “people with all the skills and perspectives neces-
sary for the project to succeed” (Beck & Andres, 2004, p. 38) are included.

Besides the presence of technical competencies such as architecture, design, development, testing,
database administration, and project management, agile teams include roles for business representa-
tion (Beck & Andres, 2004). The consensus in research has shown that the role of business represen-
tation as part of the team is critical to the success of an agile project (Tanner & von Willingh, 2014)

and forms the vital link between the business, customer and end-user and the development team
(Ambler, 2012).

AGILE TEAMS AND BUSINESS FEEDBACK

The agile manifesto repeatedly reinforces the concept of feedback and collaboration in both the value
statements and principles, stressing the primary measure of success being the delivery of software.
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Principles two “Welome changing requirements, even late in development. Agile processes harness change for the
customer’s competitive advantage” and four “Business people and developers must work together daily thronghont the
project” (Fowler & Highsmith, 2001, p. 35) encourages daily feedback from the customer while func-
tionality is being developed, ensuring the delivery of business value. Studies have found a lack of cus-
tomer feedback can cause a financial loss to business (Hoda et al., 2011). Besides this continuous
customer feedback during the development iteration, principle twelve of the agile manifesto “.47 regu-
lar intervals, the team reflects on how to become more effective, then tunes and adjusts its bebavior accordingly.”
(Fowler & Highsmith, 2001, p. 35), encourages scheduled feedback sessions with the broader busi-
ness.

PERCEIVED PROJECT SUCCESS

Thomas and Fernandez (2008) equate the notion of project success to the capturing of Proteus, the
mythical sea god of the elusive sea change. The popularity of this topic in academic literature is evi-
dence of the protean nature of project success. Jugdev and Miiller (2005) look at the evolution of the
concept and the associated changes in beliefs on how this is to be measured over a forty-year period.
Customary measures are based on the ‘Iron-Triangle’ of project management (see Figure 1), the di-
mensions being scope, resources, and schedule. Whilst these dimensions are the fundamentals upon
which projects are executed and reported (McLeod et al., 2012), there is an agreement of an im-
portant distinction to be made between project management success and project success (McLeod et
al,, 2012).

The former refers to proper management of the three dimensions of the iron-triangle, whilst the lat-
ter is a more fluid, perceived, and subjective concept. An often-quoted example depicting this is the
Sydney Opera House, which cost fourteen times the original budget and took fifteen years to com-
plete (Jugdev & Miiller, 2005). Assessing only the time and budget aspects, this would be considered
a failure in the project management sense, yet it is considered a landmark achievement in architectur-
al terms, a project success. This non-interrelation of the two measures is further supported by re-
search work conducted by Joosten, Basten, and Mellis (2011), who conclude, though projects contin-
ue to be reported on using the iron-triangle measures, project decision-makers continue to use con-
text-specific subjective measures to determine the success of a project.

Scope
Features
Functionality

Resources Schedule
Cost How long
Budget it will take

Figure 1: The traditional "Iron-Triangle" of project management (Highsmith, 2004)

A study by Thomas and Fernandez (2008) focusing on subjective (perceived) project success was not
able to distil a single definition of the concept. This view is further supported by McLeod et al.
(2012), who further highlight that stakeholders within a project could evaluate the success of the pro-
ject differently based on their perspectives, perceptions, and context for the evaluation. This is con-
sistent with Jugdev and Mdller (2005), who highlight that different line managers involved in the
same project could perceive success to a greater or lesser extent based on its contribution towards
achieving an overall business goal. Simplistically reproduced here, Figure 2 depicts how stakeholder
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perceptions influence the evaluation of the success of a project, i.e. the perceived success of a project
is dependent on the evaluator, and their perception of the value contributed.

Socioeconomniic,
historical,

organisational

contexts

shape
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_y| expectations
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. . drive selection of
values, beliefs, experiences

Sitated evaluation
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evaluation(s)

Established project
evaluation criteria

stakeholder time

Figure 2: Stakeholder perspective can influence project success evaluation over time
(McLeod et al., 2012)

Highsmith (2004) proposes the iron-triangle in the agile project world (see Figure 3). Whilst the tradi-
tional ‘iron-triangle’ remains, it serves only as a constraint in the agile-iron-triangle, with the latter
focusing on value and quality delivery. Both the value and quality form part of the subjective
measures, with quality being “the most subject to variation in perception by multiple project stakebolders” (Prab-
hakar, 2008, p. 7). Agile methods have altered the traditional view on project success, with the focus
shifting more towards stakeholder satisfaction (Leppinen, 2013).

Evolve from
Traditional...

S This delivers Value
cope | the value to -

the customer

To Agile...

-~

ity [ Corszais)
Scope

Cost Schedule]

-

Figure 3: Agile Iron-triangle (Highsmith, 2004)

In a study researching the relation between agile planning efforts and project success, Serrador and
Pinto (2015) divide the “Owerall Project Success” between the traditional iron-triangle “Project Elficiency”
measures and the perceived “Stakeholder Success” (Serrador & Pinto, 2015, p. 1043) aspects. The stake-
holder success aspect relates to the value and quality dimensions of the agile iron-triangle, i.e. the
subjective perceived project success. Serrador and Pinto (2015) concluded that the questions relating
to stakeholder success ate a better indicator of perceived project success. The questions utilized for
measuring perceived project success was a combination of three dimensions being the perception of
the project teams’ satisfaction with the deliverables, the teams’ perception of the clients’ satisfaction
with the deliverables and the teams’ perceptions of the end-users’ satisfaction with the deliverables
(Serrador & Pinto, 2015).

Given the context and perspective sensitivity of project success, current literature and research in this
field shows it is based on perception and is thus, a subjective measure. In the context of this study,

121



Agile Maturity Models and Perceived Project Success

the working definition for perceived project success will be as defined by the definition of stakehold-
er satisfaction (Serrador & Pinto, 2015), as shown in Figure 4.

e p

Perceived Project Success

Teams' Perceived Satisfaction with Deliverables
Teams' Perception of Clients' Satisfaction with Deliverables

Teams' Perception of End Users' Satisfaction with Deliverables

- J

Figure 4: Perceived project success construct — defined as stakeholder satisfaction
(Serrador & Pinto, 2015)

MATURITY MODELS

Maturity is in reference to the software development process. Specifically, “waturity is the extent to which
a specific process is explicitly defined, managed, measured, controlled, and effective” (Paulk et al., 1993, p. 20). A
maturity model describes how a process can evolve (mature) over time. Each phase of evolution (ma-
turity level) is a progressive step along an improvement path, improving the desired outcome (Fon-
tana et al., 2015). With the first phase being the least mature and the last phase equating to optimal
maturity, each maturity level defines the focus areas required and success criteria to be assessed to
provide evidence of the maturity level being achieved (Leppidnen, 2013). When fully matured, the
process operates optimally (Leppanen, 2013) and is executed consistently, producing steady, predict-
able outcomes (Paulk et al., 1993).

In the mid-1980s, the Department of Defense (DOD) in the USA commissioned an investigation
into the recurrent poor performance in life-critical software projects. The projects were fulfilled by
third-party contractors in an inherently low trust environment (Glazer et al., 2008). In response, the
Software Engineering Institute (SEI) of Carnegie Mellon University published the first version of the
Capability Maturity Model (CMM) in 1991. CMM provided the DOD with a mechanism for as-
sessing the software development process maturity of third-party vendors, providing some reassur-
ance for quality software being delivered on the basis that managing the process would improve the
outcome (Glazer et al., 2008).

Once publicly available, practitioners produced a number of variants that were initially consolidated
by SEI into version one of the CMM Integrated (CMMLI) in 2000. Subsequent updates occurred with
version 1.2 and version 1.3 being released in 2006 and 2010, respectively. The 2006 CMMI version
1.2 update saw the introduction of maturity models focusing on three different disciplines, termed
constellations in CMMI patlance. The first of these constellations were specifically focused on soft-
ware development and officially named CMMI-Dev (Kitson et al., 2009). Amongst other changes,
the 2010 CMMI version 1.3 release included changes addressing implementation in agile environ-
ments (SEI, 2010).

CMMI defines five levels of increasing maturity with the focus area showing the key improvement to
be achieved at that level. The five maturity levels consist of twenty-two process areas. To attain a
given level of maturity, all the corresponding process areas need to be addressed, including the pro-
cess areas of the lower levels (SEI, 2010).

As can be seen in Table 1, CMMI level one (initial) is solely reliant on competent individuals with no
defined process in place (SEIL, 2010). As such, it can be considered as a starting point for the maturity
model, indicating a lack of any formal maturity being in place.
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Table 1: CMMI maturity levels, focus, and process areas (The Process Group, 2015)

Level Focus Process Area
5 - Optimizing Continuous Process Im- Causal Analysis and Resolution
provement Otrganizational Performance Man-
agement

4 - Quantitatively | Quantitative Management | Organizational Process Perfor-
Managed mance
Quantitative Project Management

3 - Defined Process Standardization Decision Analysis and Resolution
Integrated Project Management
Organizational Process Definition
Organizational Process Focus
Organizational Training

Product Integration
Requirements Development

Risk Management

Technical Solution

Validation

Verification

2 - Managed Basic Project Manage- Configuration Management
ment Measurement and Analysis
Project Monitoring and Control
Project Planning

Process and Product Quality As-
surance

Requirements Management
Supplier Agreement Management

1 - Initial Competent People and Heroics

CMMI level two (managed) is solely concerned at a project level. Activities take guidance from the
governing policies and procedures of the organization and focus on defining and documenting the
various activities (SEI, 2010). CMMI level three (defined) focusses on standardizing the various pro-
cesses across the organization and adhering to these standards (SEIL, 2010). CMMI level four (quanti-
tative management) focuses on project management activities based solely on the quantitative
measures established in lower levels of maturity, e.g. project monitoring and control in level two
(SEL 2010). The focus can be at a project, process, ot organizational level (SEI, 2010). CMMI level
five (optimizing) shifts the focus to continuous improvement at an organizational level using Organi-
zational Process Management (OPM) and Causal Analysis and Resolution (CAR). With both OPM
and CAR concerned with organizational improvement, the key distinction at this level of maturity is
the focus being solely on the organization as a whole (SEI, 2010).

It is evident from the focus and process areas that, besides level two activities that focus on the pro-
ject delivery, the CMMI is aimed at achieving organizational maturity (Fritzsche & Keil, 2007).

Compatibility of CMMI and agile methods

A significant research effort has been invested in attempting to find a level of compatibility between
CMMI and agile methods. Consensus exists in literature that the co-existence of the higher levels
(four and five) of CMMI maturity and agile is difficult to achieve without sacrificing the agility
(Fritzsche & Keil, 2007; Lukasiewicz & Miler, 2012; Margal et al., 2008; Potter & Sakry, 2009).
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Boehm and Turner (2005) highlighted the potential problem that the introduction of agile methods
in mature organizations could affect the maturity ratings. Fritzsche and Keil (2007) and Lukasiewicz
and Miler (2012) attribute this challenge to the nature of the two disciplines with CMMI focusing on
the organizational level while agile focuses on the successful delivery of a project. This is consistent
with research finding a decline in project success rates (Dingsoyr & Moe, 2014) when organizational
elements such as corporate governance are considered (Laanti, 2014).

Nevertheless, research indicates a high degree of compatibility between agile methods and CMMI at
maturity levels two and three. Lukasiewicz and Miler (2012) found a seventy percent exact or partial
match between agile methods and CMMI levels two and three. In a similar study, Fritzsche and Keil
(2007) extend the mapping between the agile methods of Scrum and XP and CMMI levels two
through three, finding no evidence of support at levels four and five in agile practices.

Marcgal et al. (2008) focus their research on mapping Scrum to the project management activities of
CMMI levels two, three, and four finding sixty-five percent, forty-three percent, and zero percent
compatibility, respectively. Mapping Scrum to the requirements management, project planning, and
process monitoring and control activities of CMMI levels two and three, Potter and Sakry (2009) find
satisfactory compatibility, although acknowledging complete absence in other more organizationally
focused process areas.

Research by Sutherland, Jakobsen, and Johnson (2008) found the introduction of the Scrum meth-
odology in a CMMI level five compliant organization had the effect of successfully decreasing the
amount of rework required. Whilst at first, this might seem contradictory to literature, it is notable
that the introduction of agile methods was after the organization had attained the level five rating
(Sutherland et al., 2008). Thus, agile was not implemented in isolation to achieve the maturity rating.

Current research indicates using an agile method in isolation to achieve maturity “levels higher than
the third require some far-reaching compromises that significantly affect the benefits of agile meth-
odologies” (Lukasiewicz & Miler, 2012, p. 417). When using CMMI to mature an agile method, “%be
best improvement approach in an agile environment is to stop at CMMI Jevel 3” (Fritzsche & Keil, 2007, p. 24).

Maturity models for agile environments

The application of agile principle twelve encourages the continuous improvement of the software
delivery process, which aligns with the intent of a maturity model. Whilst the CMMI focuses on pro-
cess maturity; given the people-centric and collaborative nature of agile environments, there is an
agreement that a CMMI equivalent agile maturity model should align to agile principles and practices
(Fontana, Fontana, et al., 2014; Gren et al., 2015).

A systematic literature review by Henriques and Tanner (2017), focusing on research themes con-
ducted with agile maturity models as the independent variable, found two major themes emerging.
The two major themes being, “Agile/ CMMI” focusing on “adapting agile practices and principles to
fit current software maturity models” (Fontana et al., 2015, p. 89) and “Agile Maturity”, which focus
on maturity models based on agile principles, as shown in Figure 5. As depicted, the majority of the
articles (59%) focus on the “Agile/ CMMI” topic due to the existing investment organizations have in
CMMI (Leppanen, 2013).

Agile Maturity
Model; 41%

Agile/CMMI; 59%

0% 10% 20% 30% 40% 50% 60% 70%

Figure 5: Agile maturity models - research theme distribution (Henriques & Tanner, 2017)
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The remaining 41% of the articles represent the major theme of Agile Maturity, with subthemes ad-
dressing agile process improvement, agile mature model assessment, proposing an agile maturity
model, comparison between agile maturity models, and agile adoption frameworks. The majority of
these articles focus on proposing an agile maturity model (Henriques & Tanner, 2017).

Analysis of proposed agile maturity models

Fontana et al. (2015) attribute the first agile maturity model to Nawrocki, Walter, and Wojciechowski
(2001). A number of agile maturity models currently exist either explicitly by name, i.e. “Maturity
Model” or provide a maturity assessment and adoption framework. Examples of explicit maturity
models are proposed by Ambler (2010), Nawrocki et al. (2001), Patel and Ramachandran (2009a),
and Yin et al. (2011).

Though each of the models provides between three and six maturity levels, there are shortcomings
(Fontana et al., 2015; Leppinen, 2013) when viewed relative to the characteristics mentioned in the
section on the maturity models or in the scope to which they can be applied, summarized in Table 2.

The maturity models proposed by Benefield (2010), Lui and Chan (2005), Nawrocki et al. (2001) and
Yin et al. (2011) are limited to either a Scrum or XP agile methodology. However, agile methods are
broader than these methodologies, and an agile maturity model would need to cater to all agile meth-
ods by being based on agile principles and not solely on the practices of a specific methodology.

The models proposed by Ambler (2010), Fontana, Reinehr, and Malucelli (2014), and Qumer and
Henderson-Sellers (2008) provide no focus areas or associated success criteria (Fontana et al., 2015;
Leppinen, 2013) which are intrinsic characteristics of a maturity model (Leppinen, 2013).

Table 2: Summary of agile maturity models relative to maturity model characteristics and
scope (Fontana et al., 2015; Leppédnen, 2013)

Maturity Model Criticism

Ambler (2010) Agile adoption framework
No assessment criteria
No success criteria

Benefield (2010) Limited to XP
Limited to British Telecom
Fontana, Reinehr, and Malucelli (2014) No success criteria defined
No ability to assess
Lui and Chan (2005) Limited to XP

No success criteria defined
No ability to assess
Nawrocki, Walter, and Wojciechowski (2001) | Limited to XP

No success criteria

Qumer and Henderson-Sellers (2008) No success criteria defined
No ability to assess
Yin, da Silva, and Figueiredo (2011) Limited to Scrum

Limited ability to assess

In the analysis of the five-level Agile Maturity Model (AMM) by Patel and Ramachandran (20092) the
conclusion is it “exemplifies how to perform the assessment” (Fontana et al., 2015, p. 91). Thus ap-
plying the characteristics of maturity models previously mentioned the requirement to be applicable
across any agile method and providing assessment criteria, the working definition of an Agile Maturi-
ty Model as proposed by Patel and Ramachandran (2009a) is adopted for this research. Furthermore,
it is based on agile practices and principles, and provides predefined focus areas for each maturity
level, refer to Figure 6. Each AMM level and focus area are further discussed in the following sub-
sections.
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Improved (Level 4)

+Project management

Explored (Level 2) *Sus abl? pace
. . +Self organising team
*Project Planning

*Requirements Sustained (Level 5)
Management (Story card . «Project verf:
driven development) Toject performanee

management

*On site customer Defined (Level 3) «Defect Prevention

() +Customer relationship
management
*Deliverying working
products or SW
frequently

[ ]
Initial (Level 1) +Pair programming &
TDD

Figure 6: Level AMM for Agile SPI (Patel & Ramachandran, 2009a)

AMM levels and focus areas

Level One: Initial. Level one of the AMM (Initial) is characterized by being dependent on heroic
efforts with no specifically defined process in place (Tarnowski, 2014). Outcomes are not repeatable,
and there is no alignment to agile principles. This level is equivalent to level one of the CMMI.

Level Two: Explored. Level two of the AMM (Explored) activities covers the initial set of focus
areas that organizations implement to establish agile practices (Patel & Ramachandran, 2009a). The
focus is on planning based on developer estimates and requirements management in the form of sto-
ry cards for the current iteration. The customer is present onsite but not necessarily always available
for the project team (Patel & Ramachandran, 2009a). This level shows strong alignment with agile
principles two, four, six, and ten.

The AMM requires the presence of the customer to be available daily to the agile team in a decision-
making capacity to direct development efforts (Patel & Ramachandran, 2009a), which aligns with
principle four of the agile manifesto (Fowler & Highsmith, 2001). Tanner and von Willingh (2014)
confirm previous research on knowledgeable and empowered customer presence being a success
factor for agile implementations, which should include the tracking of the development progress (Pa-
tel & Ramachandran, 2009a). Lack of proper customer presence and collaboration has been shown
to affect prioritization, clarity of requirements, loss of productivity, and “in extreme cases, Business
Loss” (Hoda et al,, 2011, p. 527). The presence of the customer is vital in the prioritization of re-
quirements (Sverrisdottir et al., 2014), allowing the developer to focus only on functionality im-
portant to business, aligned with agile principle ten (Fowler & Highsmith, 2001).

The requirements are explained to the development team by the customer at the onset of an iteration
(Patel & Ramachandran, 2009a), aligning to agile principle six (Fowler & Highsmith, 2001) and cap-
tured by the customer, in a properly structured and standardized story card representation (Patel &
Ramachandran, 2009b). At this level of maturity, the story card needs to be explanatory enough to
derive the acceptance criteria for the desired functionality. The story card is used only as a guideline
and is allowed to change within the iteration (Sverrisdottir et al., 2014), aligned with agile principle
two (Fowler & Highsmith, 2001). Sufficiently detailed story cards allow the proper detail breakdown
of the tasks required to implement the requirement (Vlaanderen et al., 2011), which allows for more
accurate developer-based estimates and thus improved project or iteration planning. This form of
agile requirement management has been shown to be a critical success factor for agile implementa-
tions (Chow & Cao, 2008).

Estimation in an agile environment takes the form of planning poker, which is a consensus-based
technique similar to using wide-band Delphi estimation (Gandomani et al., 2014). Though relying on
a mix of expertise, the tendency is for less optimistic, i.e. more realistic outcomes (Mahni¢ & Hovelja,
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2012), which is vital for establishing a proper implementation plan and tracking the development
velocity of the team.

Level Three: Defined Having established the agile practices in level two, level three (Defined) shifts
the focus to better defining the specific agile implementation (Patel & Ramachandran, 2009a), focus-
ing on the use of technical and technological aspects of the implementation. This level is character-
ized by increased customer relationship management through increased customer presence and cus-
tomer satisfaction, through constant feedback, aligning with principles four and six. Using more col-
laborative development practices such as pair programming and test-driven development ensutes
more frequent and regular delivery of working software (Patel & Ramachandran, 2009a), aligning
with principles one, three through seven, and nine. The AMM at this level of maturity requires “fre-
quent releases which will create a feedback loop” (Patel & Ramachandran, 2009a, p. 10), generally
taking the form of a demonstration of the functionality developed during an iteration to the custom-
er. These demonstrations are vital for the customer to provide necessary feedback to the develop-
ment team and allow the surfacing of any incorrect assumptions made during development, which
assist in improving future iterations (Hoda et al., 2011) and rely heavily on the collaborative relation
built in the previous maturity level.

This collaboration extends to the development practices employed, with the AMM expecting pair
programming, code peer reviews, and collective code ownership (Patel & Ramachandran, 2009a).
Interestingly these aspects are not explicitly listed in critical success factor research by Chow and Cao
(2008) nor explicitly mentioned in the agile manifesto. Unsurprisingly, it remains a contentious issue
both in practice and academic research, with findings ranging from showing improved code quality
and increased business knowledge to it having limited success, working only for new and complex
problems when the proper mix of skills, personality, and expertise are involved (Bipp et al., 2008;
Hannay et al., 2009; Lui & Chan, 20006). Lui and Chan (20006) specifically highlight the limitation of
these techniques when either experienced developers are paired or the problem domain is well un-
derstood.

A further practice assisting the quality of software being delivered is the use of proper agile practices
and techniques (Chow & Cao, 2008). Practices such as Test-Driven Development (TDD) in which
unit tests are coded before any functionality is developed have been shown to improve the software
quality (Sanchez et al., 2007). Building on the previous maturity level, the unit tests are derived from
the user story.

Level Four: Improved. The foundation having been established in prior maturity levels, level four
of the AMM (Improved), focuses on non-technical aspects such as project, team, and people man-
agement. It is characterized by a shift toward project management and tracking based on successful
delivery (principle seven). Teams are allowed to organize their own development efforts (principle
five and eleven; working hours are limited to ensure a sustainable pace (principle eight), and oppor-
tunities for improvement are constantly identified (principle twelve) (Patel & Ramachandran, 2009a).

Listed as a critical success factor, proper agile project management techniques (Chow & Cao, 2008)
are related to the proper planning, work allocation, and progress tracking. Propetly prioritized work
lists, known as product backlogs, is the responsibility of the customer to ensure the team works on
relatively important work items. A propetly prioritized backlog relates to the success of a project
(Stettina & Horz, 2015). In conjunction with the developer estimates for each of the user stories in
the previous maturity level, a project plan is compiled.

Having a complete prioritized list of the functionality required allows the selection (pull) of the next
piece of functionality to be built by the development team. This pull mechanism of work allocation,
based on discussion and collaboration with the customer (Stettina & Hérz, 2015), has been shown to
a success factor for agile projects ensuring the most important business functionality is delivered first
(Chow & Cao, 2008). This form of work allocation is characteristic of a self-organizing team leading
to an environment where the development team is trusted to get the work done (Stettina & Horz,
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2015). This form of work allocation is a “classic craftsman environment” (Boehm & Turner, 2003, p.
7).

Progress tracking for the AMM is performed relative to stories completed (Patel & Ramachandran,
2009a). The AMM suggests the use of agile measures such as burn-down charts to measure overall
progress (Papadopoulos, 2015), with story completion rates being used to measure continuous value
delivery and risk reduction (Verheyen, 2014).

Principle eight of the agile manifesto introduces the concept of being able to sustain a “constant pace
indefinitely” (Fowler & Highsmith, 2001, p. 31), which is confirmed by critical success factor re-
search, showing adhering to a regular work schedule to be a vital component for success. To achieve
a sustainable pace, one of the practices of extreme programming calls for a limit of forty hours (Sau-
ter, 2000).

Level Five: Sustained. The previous maturity levels create an environment in which agile practice
and implementation is propetly established. Level five of the AMM (Sustained) switches the focus to
project performance management with the team focusing on eliminating the root cause of defects
and ensuring quality delivery, which meets customer satisfaction (principle one) (Patel & Ramachan-
dran, 2009a), thus maintaining an increased delivery velocity.

In the context of the AMM, project performance management relates to similar focus areas intro-
duced at the lower maturity levels, but the expectation at this level is increased. An example of this is,
whilst at the lower levels, customer presence is required for planning and daily feedback level five
requires the customer to be present with and available to the team daily for a minimum of two hours
(Patel & Ramachandran, 2009a). Research has shown that in mature agile environments, the availabil-
ity and commitment of customers can be more influential for success than satisfaction and collabora-
tion (Misra et al., 2009). Furthermore, story cards produced at this maturity level insist on the inclu-
sion of acceptance criteria provided by the customer to determine if functionality has been success-
tully delivered (Patel & Ramachandran, 2009b). Amongst other disciplines, the AMM requires all
code to have unit tests coded prior to the development of the functional code and the release to pro-
duction only taking place once all unit tests have passed (Patel & Ramachandran, 2009a).

The discipline of testing and quality assurance extends into defect prevention where bugs found in
released code are addressed in favor of future functionality (by agreement with the customer) (Patel
& Ramachandran, 2009b). Root cause analysis is applied to the defect, the cause is addressed, tests
are developed to identify the defect and ensure non-recurrence, an approach which has shown to
increase both quality and the overall sustainable velocity of delivery (Nagappan et al., 2008).

CONCEPTUAL MODEL, CONSTRUCTS AND HYPOTHESES

CONCEPTUAL MODEL

The research questions presented in this study combine concepts from agile principles and practices,
maturity models, and perceived projects. Combining these concepts results in the high-level concep-
tual model shown in Figure 7, which shows the hypothesized relationship between the constructs.
The conceptual model for this research relates the levels of the AMM as the independent variable to
the dependent variable of perceived project success.
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Figure 7: Conceptual model for evaluating the association of focus areas of the AMM (Patel
& Ramachandran, 2009a) and perceived project success (Serrador & Pinto, 2015)

The dependent variable for this research will adopt the definition of perceived project success as be-
ing stakeholder satisfaction as defined by Serrador and Pinto (2015) and discussed in the section on
Perceived Project Success in the literature review.

The AMM, as proposed by Patel and Ramachandran (2009a), forms the basis for the conceptual
model presented in Figure 7. More specifically, to answer the sub-question posed in this research, the
conceptual model needs to associate each of the focus areas at each maturity level to the perceived
project success.

HYPOTHESES

Using the conceptual model gives rise to eleven hypotheses and their corresponding null hypotheses
for this study (see Table 3). Evidence from literature in support of the hypotheses is available in sec-
tion 2.5. Note that the initial level of the AMM is characterized by being dependent on heroic efforts
with no specifically defined process in place (Tarnowski, 2014). Outcomes are not repeatable, and
there is no alignment to agile principles and is thus excluded from this research.

Table 3: Summary of Hypotheses

AMM Level Hypotheses Evidence from lit-
erature
Level 1: Initial N/A N/A

Level 2: Explored

Hi: Customer availability in an agile team
environment is positively associated with
the teams’ perceived project success.

Ho.i: Customer availability in an agile team
environment is not positively associated
with the teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)

(Tanner & von
Willingh, 2014)

(Hoda et al., 2011)

Ho: Reguirement management implemented
through the use of story cards which are
allowed to change is positively associated
with the teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)
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AMM Level

Hypotheses

Evidence from lit-
erature

Ho.>: Requirement management imple-
mented through the use of story cards
that are allowed to change is not positively
associated with the teams’ perceived pro-

]CCt Success

(Sverrisdottir et al.,
2014)

Hs: Project planning activities based on es-
timates by the implementation team are
positively associated with the teams’ per-
ceived project success.

Ho.3: Project planning activities based on
estimates by the implementation team are
not positively associated with the teams’
perceived project success.

(Gandomani et al.,
2014)

(Mahni¢ & Hovelja,
2012)

Level 3: Defined

Hy: Regular delivery of software to the cus-
tomer is positively associated with the
teams’ perceived project success

Ho.4: Regular delivery of software to the
customer is not positively associated with
the teams’ perceived project success

(Patel & Ramachan-
dran, 20092)

(Hoda et al. 2011)

Hs: Using collaborative development tech-
niques such as pair programming, peer
reviews, and collective code ownership is
positively associated with the teams’ per-
ceived project success.

Ho.s: Using collaborative development
techniques such as pair programming,
peer reviews, and collective code owner-
ship is not positively associated with the
teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)

He: Using test-driven development practices is
positively associated with the teams’ pet-
ceived project success.

Ho.s: Using test-driven development prac-
tices is not positively associated with the
teams’ perceived project success.

(Crispin, 2000)
(Sanchez et al., 2007)

Level 4: Im-
proved

H7: Implementing sustainable pace practices
by limiting working houts to forty hours a
week is positively associated with the
teams’ perceived project success.

Ho.7: Implementing sustainable pace prac-
tices by limiting working hours to forty
hours a week is not positively associated
with the teams’ perceived project success

(Patel & Ramachan-
dran, 20092)
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AMM Level

Hypotheses

Evidence from lit-
erature

Hag: Self-organizing teams that are allowed to
select the work items and organize them-
selves to deliver the functionality is posi-
tively associated with the teams’ perceived

project success.

Hos: Self-organizing teams that are al-
lowed to select the work items and organ-
ize themselves to deliver the functionality
is not positively associated with the teams’
perceived project success.

(Stettina & Horz,
2015)

(Boehm & Turnet,
2003)

Ho: Agile project management activities using
customer prioritized backlogs and tracking
mechanisms based on value delivery are
positively associated with the teams’ pet-
ceived project success.

Ho.o: Agile project management activities
using customer prioritized backlogs and
tracking mechanisms based on value de-
livery are not positively associated with
the teams’ perceived project success.

(Chow & Cao, 2008)

(Stettina & Horz,
2015)

Level 5: Sus-
tained

Hio: Implementing defect prevention and root
cause analysis in favor of future function-
ality is positively associated with the
teams’ perceived project success.

Ho.10: Implementing defect prevention
and root cause analysis in favor of future
functionality is not positively associated
with the teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)

(Patel & Ramachan-
dran, 2009b)

(Nagappan et al.,
2008).

Huu: Project performance management activities
focusing on customer involvement and
satisfaction are positively associated with
the teams’ perceived project success.

Ho.11: Project performance management
activities focusing on customer involve-
ment and satisfaction are not positively
associated with the teams’ perceived pro-

]CCt SUuCCeESsS.

(Patel & Ramachan-
dran, 2009b)

RESEARCH METHODOLOGY

The objective of this study was to analyze the association between the independent variables repre-
sented in the levels of the AMM and the perceived project success, independent of external factors.
Thus, an objectivist ontological stance using a positivist view was adopted for the research. Using a
deductive approach to prove or disprove the hypotheses, the goal of this research relates to theory
type IV of the taxonomy mentioned by Gregor (2006) and is both explanatory and predictive. Saun-

ders et al. (2009) note a key constraint of a deductive approach to ensure rigor is “that the researcher

should be independent of what is being observed.” (Saunders et al., 2009, p. 125). Thus, to maintain rigor and

remove the researcher from the agile environments being researched, a quantitative approach was

used. To further maintain the independence between the researcher and the participants, a question-
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naire was employed as the inquiry strategy, using an online survey for ease of distribution and the
ability to reach a wider audience.

RESEARCH INSTRUMENT

The research instrument contained three sub-sections namely information and consent, demographic
information, and survey information. The information and consent provided some background to
the research being conducted and include an opportunity for the participant to indicate consent to
participate in the research. The demographic information prompted for information to categorize the
respondent without identifying the individual or the organization, consistent with the objectivist on-

tology.

The survey section focused on the conceptual model being researched. The questions used in the
research instrument was a combination of the AMM questions used by Patel and Ramachandran
(2009a) for assessing the presence of the specific focus area characteristics for a given level of agile
maturity and by Serrador and Pinto (2015) in determining stakeholder success factors for the per-
ceived project success and will take the form of a five-point Likert scale. A Likert scale has been
shown to be useful when measuring opinions and attitudes in social sciences (Croasmun & Ostrom,
2011). The five-point scale was used specifically since Cummins and Gullone (2000) advise that a
broader selection of options allows respondents the opportunity to provide a useful response, yet a
balance needs to be attained in scale length to reduce to the survey response time (Cummins &
Gullone, 2000). Furthermore, a scale with an odd number of options was used to allow a neutral re-
sponse option. The absence of a neutral response option could influence the results obtained since
respondents would be forced to adopt a stance (Croasmun & Ostrom, 2011). The forced response
would tend to more socially acceptable answers, thus skewing the results (Garland, 1991).

The wording of the survey questions was in the form of a statement to which the respondent can
indicate agreement on a Likert scale selecting from strongly disagree, disagree, neutral, agree, or
strongly agree. Podsakoff, MacKenzie, Lee, and Podsakoff (2003) highlight the importance of phras-
ing statements negatively, to act as “cognitive ‘speed bumps™ and to avoid “automatic, cognitive processing”
(Podsakoff et al., 2003, p. 884). Thus, where possible, each construct will include a negatively worded
statement.

As previously mentioned, the constructs representing agile maturity levels were adopted from the
AMM based on the model by Patel and Ramachandran (2009a), which includes qualitative assess-
ment criteria for each process area. Since the study was quantitative, statements developed adapted
the assessment criteria from the AMM to be more suitable to a quantitative study and a Likert scale.
Various statements, in line with constructs of the framework, were formulated accordingly. The ques-
tionnaire is included in the Appendix.

TARGET POPULATION & SAMPLE

The objective and questions posed in this study are independent of any specific agile methodology.
The AMM utilized as the independent construct in the conceptual model is consistent with the non-
dependence of a specific agile methodology. Literature indicates agile team members are not bound
by job titles, with Ambler (2012) highlighting the difference between roles and job titles in agile
teams. Given the conceptual model for this research, the population for the study includes respond-
ents practicing any agile methodology and cannot be limited to any specific job title.

With the focus on maturity levels, organizations representing the five levels of maturity needed to be
included in the survey. With the novelty of the agile maturity research area, there is no empirical data
indicating the agile maturity level of an organization. Based on CMMI, Shrum and Phillips (2004)
provide guidance suggesting organizations can take up to seven years to obtain a higher level of ma-
turity, which was used as guidance in terms of the population being approached.
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Given no comprehensive database exists which defines the sample frame of agile practitioners, a
combination of non-probabilistic sampling approaches was used (Saunders et al., 2009). Purposive
sampling was initially utilized, including contacts within the industry, agile communities and practi-
tioners. Purposive sampling is a technique used to select respondents who will best answer the re-
search question being posed (Saunders et al., 2009) based on their knowledge and expertise in the
field being researched (Tongco, 2007) and best match the population defined for the study. Though a
non-random technique, it has been shown to “e just as effective as, and even more efficient than, random sam-
Ppling” (Tongco, 2007, p. 155). Thereafter a snowball sampling technique was employed, which is
characteristic of research involved in a non-deterministic sample frame (Saunders et al., 2009).

Non-probabilistic sampling suffers from common limitations. Most notably, these include bias and
self-selection; potentially leading to a homogenous sample (Saunders et al., 2009). However, given the
objective is to obtain responses from agile practitioners, the initial use of purposive sampling should
mitigate this limitation.

RESULTS

The responses to the survey were exported from Qualtrics into Microsoft Excel (version 2007) to
perform the initial data cleansing and analysis. The total number of respondents to the survey was
ninety-six. Two of the respondents opted not to partake in the survey by answering “No” to the ini-
tial consent question. Of the remaining ninety-four, twenty-five of the surveys did not have all the
answers completed and were deemed to have been abandoned. This resulted in a working response
set of sixty-nine (R, = 69) total completed responses. Though a sample of sixty-nine seems low, this
does not invalidate the study, as Stutely (2003) advises as a rule of thumb, a minimum number of 30
is required for statistical analysis. Furthermore, “Statisticians have also shown that a sample size of 30 or more
will usnally result in a sampling distribution for the mean that is very close to a normal distribution” (Saunders et
al.,, 2009, p. 218). The completed responses were then imported into SPSS for further statistical anal-

ysis.

DESCRIPTIVE ANALYSIS

This section describes the background of the respondents in line with the questions asked in the
questionnaire, i.e. industry, the agile methodology being used, the agile experience of the respondent,
length of time the project was using an agile methodology, the job title, and role of the respondent.

For the categorical variables industry, agile methodology, job title, and agile role, a non-probabilistic
one-sample chi-square test with a null hypothesis that each category occurs with equal probability at a
significance level of p < 0.05 was performed to determine whether the responses wete occurring
with equal probability.

Tests for normal distribution of the ordinal variables indicating the number of years the project had
been using an agile method, coded as “ProjectAgileYears” and the number of years of personal agile
experience of the respondent, coded as “AgileExperience” were conducted. The normality test used
the Shapiro-Wilk (SW) test with a null hypothesis that the sample is normally distributed. A p —
value < 0.05 indicates the variable is not normally distributed.

Responses by industry

With 47 responses, representing 68.12% of Rn, the majority of the responses were obtained from the
financial services sector. These 47 responses were composed of 10 (14%) from Banking, 30 (43%)
from Insurance and 7 from “Other” types of financial services (see Table 4). The response distribu-
tion achieved is consistent with annual international surveys where financial services and insurance
comprise approximately 20% of responses (VersionOne, 2016). The chi-squared result X?(2) =
0.000, p < 0.05 indicates the difference in the responses obtained by industry is statistically signifi-
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cant, with a bias towards the financial services industry. Given the non-probabilistic sampling tech-
nique utilized, this outcome is expected.

Table 4: Response Distribution by Industry

Industry Number of Percentage of Total
Respondents | Completed Responses

Academic/Education 1 1%
Entertainment 3 4%
Financial Services - Banking 10 14%
Financial Services - Insurance 30 43%
Financial Services - Other 7 10%
Medical/Health Services 3 4%

Retail 10 14%
Transportation 1 1%

Other 4 6%

Total 69 100%

Responses by Agile methodology

Consistent with findings from international surveys (VersionOne, 2016), the findings from this study
indicate Scrum to be in use in the majority (75%), 52 responses (see Table 5). Interestingly none of
the respondents indicated using XP. This is expected as the current trend in the use of agile methods
internationally shows that XP is consistently on the decline (VersionOne, 2016). The chi-squared
result X2(2) = 0.000, p < 0.05 indicates the difference in the responses obtained by agile meth-
odology is statistically significant, with a bias towards the scrum methodology. However, given the
alighment to international trends and findings (VersionOne, 2016), the response to this survey is
consistent with other observations and thus properly representative of the agile population.

Table 5: Response distribution by agile methodology implemented

Agile Methodology Number of Percentage of Total
Respondents | Completed Responses

Scrum 52 75%

Kanban 4 6%
Scrumban 2 3%
Scrum/XP Hybrid 2 3%

Custom Hybrid 6 9%

Other 3 4%

Total 69 100%

Responses by job title and agile role of respondents

The majority of responses, 29% (20 respondents) were from “developers”. The remaining responses
were evenly distributed, with the only other notable exception being that of “solution architect” at
10% (7 respondents) (see Table 6). The prevalence of developers as well as solution architects is un-
surprising as Ambler (2012) mentions the predominance of both the developers and architects in
agile teams, particularly in large corporate environments. The chi-squared result X2(2) = 0.000,

p < 0.05 indicates the difference in the responses obtained by job title is statistically significant, with
a bias towards respondents having a job title of “developer”.
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In contrast, the distribution of respondents by the agile role being fulfilled confirms the difference
between roles and job titles in agile teams (Ambler, 2012), with the developer role being the most
common amongst respondents. Notably, a number of respondents perform multiple roles. The chi-
squared result X%(2) = 0.849, p < 0.05 indicates the difference in the responses obtained by agile
role is not statistically significant and thus no bias towards any specific agile role is present.

Table 6: Response distribution of job title and agile role responses

Job Title Number of Percentage of Total
Respondents | Completed Responses
Business Analyst 3 4%
CTO 2 3%
Data Analyst 1 1%
Data architect 2 3%
Developer 20 29%
Development Manager 2 3%
DevOps specialist 1 1%
Director of Technology 1 1%
Head of Process Engineering 1 1%
IT Team Manager 1 1%
Lean Agile Coach 1 1%
Line Manager / Scrum Master 1 1%
PMO Manager 1 1%
Practice Head: Software Quality 1 1%
Engineering
Product Owner 2 3%
Programme Manager 1 1%
Project manager 3 4%
QA engineer 1 1%
Quality Assurance & Test Man- 1 1%
ager
Scrum Master 4 6%
Scrum Master/ Project Manager 1 1%
Senior Business Analyst 1 1%
Senior Manager Custom Applica- 1 1%
tion Development
Senior Staff Engineer 1 1%
Software Practise Engineering - 1 1%
Practise Manager R&D
Solution Architect 7 10%
Systems Analyst 2 3%
Tech lead 1 1%
Test Analyst 1 1%
VP of Technology 1 1%
Team leader 1 1%
Agile coach 1 1%
Total 69 100%
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Responses by years Agile in use for project

The responses of the number of years projects have been using agile methodologies are evenly dis-
tributed across the available year ranges. The majority of respondents, 50 responses (72%) indicate
using agile methodologies for three years or less (see Table 7). The normal distribution and descrip-
tive statistics results indicate the responses are not normally distributed, with a SW result of 0.905
and p — value < 0.001. The skewness value of 0.512 indicates the distribution is moderately and
slightly positively skewed.

Table 7: Distribution of responses by number of year’s project has been using agile

Number of Years Project Number of Percentage of Total
Using Agile Methodologies | Respondents | Completed Responses
Less than 1 year 14 20%

Between 1 and 2 years 16 23%

Between 2 and 3 years 20 29%

Between 3 and 4 years 7 10%

Between 4 and 5 years 11 16%

Between 5 and 6 years 0 0%

More than 6 years 1 1%

Total 69 100%

Responses by Agile experience of respondents

Given the publication of the agile manifesto in 2001 (Fowler & Highsmith, 2001) being over fifteen
years ago it is unsurprising the majority of the respondents, 43 responses equating to 62%, report to
have more than four years of agile experience, comprised of 16 responses between 4 and 5 years, 4
responses between 5 and 6 years and 23 responses with more than 6 years’ experience (see Table 8).
The normal distribution tests conducted for agile experience indicate the variable is not normally dis-
tributed, with an SW measure of 0.869 and a2 p — value < 0.001. The skewness value of -0.410
indicates the distribution is fairly symmetrical and slightly negatively skewed. The responses obtained
are consistent with findings from international studies (VersionOne, 2016), which show the majority
of respondents having more than four years of agile experience (VersionOne, 2017).

Table 8: Response distribution by agile experience of respondents

Experience with Agile Number of Percentage of Total
Methodologies Respondents | Completed Responses
Less than 1 year 6 9%

Between 1 and 2 years 5 7%

Between 2 and 3 years 12 17%

Between 3 and 4 years 3 4%

Between 4 and 5 years 16 23%

Between 5 and 6 years 4 6%

More than 6 years 23 33%

Total 69 100%

ITEM CONSISTENCY AND RELIABILITY TESTS

For each of the constructs, the internal consistency of responses was determined using the Cronbach
alpha (a) test. A Cronbach a = 0.7 is deemed to show the combination of questions posed for a
construct is reliable (Nunnally, 1978). Although an @ as low as 0.6 is acceptable for exploratory re-

136



Henriques & Tanner

search (Fornell & Latcker, 1981), where a construct was found to have a < 0.6, the test was extend-
ed to determine the effect of the elimination of a question would have on the reliability measure.
Since Cronbach & depicts the lower bound reliability measure (Hair & Hult, 2010), it is suggested
further reliability tests be conducted for low & results (Sijtsma, 2009). For these cases, the Spearman
correlation (rho) was calculated to determine whether there was a statistically significant correlation
between the responses. A statistically significant correlation measure and @ = 0.6 ensures the ques-
tions used in the analysis of the construct are aligned to the intent of the construct.

The questions related to a construct were coded as a concatenation of the construct abbreviation, e.g.
CA (Customer Availability) and the question number in the survey. The constructs Customer Availa-
bility, Requirements Management, Self-Organizing Teams, Agile Project Management and Perfor-
mance Management have a Cronbach @ = 0.7, Project Planning, Regular Delivery, Test Driven De-
velopment and Sustainable Pace have a Cronbach @ = 0.8 and Perceived Project Success with a
Cronbach a = 0.9 showing high internal consistency. Collaborative Development (@ = 0.5) and
Defect Prevention (@ = 0.4) show low internal consistency, and further analysis is applied as further
detailed in the following subsections.

Collaborative development

A Cronbach of @ = 0.5 was obtained for the Collaborative Development construct. The exclusion
of any of the questions does not improve the reliability measure of the construct (refer to Table 10).
Table 9 shows the results of the rho correlation tests for the collaborative development construct.
The results show a statistically significant correlation between CD17 and CD18 at a 0.01 (99%) con-
fidence level. However, CD19 shows a statistically insignificant correlation with these questions.
CD19 is thus excluded from further analysis and the construct is represented by CD17 and CD18.

Table 9: Internal consistency Spearman (rho) correlation for Collaborative Development
Construct

Variable | CD17 CD18 CD19

CD17 1.000
CD18 0.349%** 1.000
CD19 0.099 0.178 1.000

** Correlation is significant at the 0.01 level (2-tailed)

Table 10: Effect on Cronbach alpha measure when deleting questions

Variable | Cronbach's Alpha if Item Deleted

CD17 0.335
CD18 0.225
CD19 0.498

Defect prevention

A Cronbach of @ = 0.4 was obtained for the Defect Prevention construct; however as shown in
Table 12, the exclusion of any of the questions does not improve the reliability of the construct. Ta-
ble 11 shows the results of the rho correlation tests for the defect prevention construct. The results
show a statistically significant correlation between DP33 and DP34 at a 0.01 (99%) confidence level.
However, DP35 shows a statistically insignificant correlation with these questions and a possible ex-
planation is the negative phrasing of the question. Roszkowski and Soven (2010) show that negatively
phrased questions could adversely affect the response correlation. DP35 is thus excluded from fur-
ther analysis and the construct was represented by DP33 and DP34.
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Table 11: Internal consistency Spearman (rho) correlation for Defect Prevention Construct

DP33 DP34 DP35
DP33 1.000
DP34 0.418%* 1.000
DP35 0.113 0.070 1.000
** Correlation is significant at the 0.01 level (2-tailed)

Table 12: Effect on Cronbach alpha measure when deleting questions

Variable Cronbach's Alpha if Item Deleted

DP33 0.115
DP34 0.246
DP35 0.547

CONSTRUCT NORMALITY AND DISTRIBUTION

Each construct was tested for normality using the Shapiro-Wilk (SW) test for normality to determine
the statistical approach to be applied. With p — value < 0.001, the constructs of CA, RM, RD, and
PPS are non-normally distributed. The constructs PP, SOT, and DP were found to have p —
value = 0.001, and thus also have a non-normal distribution. The remaining constructs of CD,

p —value < 0.005, TDD, p —value < 0.007,SP, p —value < 0.026, APM, p — value <
0.002 and PM, p — value < 0.141 were all found to havea p — value > 0.001 and thus the
responses were normally distributed. Since there is a mixture of normally and non-normally distribut-

ed responses, non-parametric statistical methods were used for further analysis (Saunders et al.,
2009).

HYPOTHESES TESTS

Correlation analysis was used because the objective of the research is the investigation of the associa-
tion between the two constructs and the data collected is discrete numeric data (Saunders et al.,
2009). Since the conceptual model being investigated in this research and the corresponding hypoth-
eses are unidirectional, a one-tailed correlation was employed. Spearman’s non-parametric correlation
(rs) was used to determine the strength and direction of the correlation since it does not assume not-
mality in the underlying data. Significance testing was conducted for each hypothesized correlation to
test the probability of the correlation occurring by chance. For resulting p — value < 0.05 the cot-
relation was deemed to be statistically significant, allowing the relevant null hypotheses to be rejected
(Saunders et al., 2009).

Table 13 shows the summary of the Spearman rho correlation for each of the independent constructs
against the dependent construct of perceived project success. As is evidenced, all the constructs show
statistically significant correlation at either the 0.01 (99%) or 0.05 (95%) confidence interval. The
strongest correlation of 0.626 is observed for PerfMng while the weakest correlation of 0.270 is ob-
served for CD.

Table 14 shows the summary of the Spearman rho correlation for each of the maturity level con-
structs against the dependent construct of perceived project success. As is evidenced, all the con-
structs show a statistically significant correlation at the 0.01 (99%) confidence interval. The strongest
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correlation of 0.626 is observed at maturity level five (IL5), while the weakest correlation of 0.482 is
observed at maturity level three (L3).

Table 13: Summary of Spearman rho Correlation of independent constructs to the dependent
construct of Perceived Project Success

Construct Correlation
Performance Management 0.626**
Requirement Management 0.559**
Self-Organizing Team 0.540%*
Test-Driven Development 0.496**

Regular Delivery 0.491**

Defect Prevention 0.473%*

Project Management 0.473%**

Customer Availability 0.401%*

Project Planning 0.347+*

Sustainable Pace 0.340%¢
Collaborative Development | 0.270*

** Correlation is significant at the 0.01 level (1-tailed).
* Correlation is significant at the 0.05 level (1-tailed).

Table 14: Summary of Spearman rho Correlation of independent constructs to the dependent
construct of Perceived Project Success

Construct PPS
Level 2 — Explored (1.2) 0.507**
Level 3 — Defined (L3) 0.482%**
Level 4 — Improved (L4) 0.575%*
Level 5 — Sustained (LL5) 0.616**
** Correlation is significant at the 0.01 level (1-tailed).

FINDINGS AND DISCUSSION

HYPOTHESES ANALYSIS

Hypothesis 1: Customer availability

The Customer Availability construct shows a statistically significant correlation of 0.401 at a confi-
dence level of 0.01 (99%). Thus, the null hypothesis Ho.1 is rejected in favor of Hy. The responses to
this survey indicate that customer availability is positively associated with the teams’ perceived project
success.

This finding is consistent with previous research on customer availability being a critical success fac-
tor for agile environments (Chow & Cao, 2008; Tanner & von Willingh, 2014) and further supports
principle four of the agile manifesto (Fowler & Highsmith, 2001). Critically at level two maturity of
the AMM, a knowledgeable customer should be present at the start of an iteration to ensure require-
ments are propetly understood, explained and clarified (Patel & Ramachandran, 2009a). Furthermore,
findings from this study confirm previous work in which the daily availability and inclusion of the
customer in decisions related to the development of the software are positively associated with pro-
ject success (Abelein & Paech, 2015).

139



Agile Maturity Models and Perceived Project Success

Hypothesis 2: Requirements management

Responses to this survey show a statistically significant correlation of 0.559 at 0.01 (99%) confidence
level between the requirements management and perceived project success construct. The null hy-
pothesis Ho. is rejected in favor of Hz and the finding from this research is that requirement man-
agement is positively associated with the teams’ perceived project success.

Consistent with findings by Patel and Ramachandran (2009b), this research indicates that the man-
agement of requirements represented in story cards is positively associated with perceived project
success. Furthermore, the findings from this research are consistent with principle two of the agile
manifesto (Fowler & Highsmith, 2001) with Ambler (2014), and Sverrisdottir et al. (2014) highlight-
ing the positive influence changing requirements can have on perceived project success.

Hypothesis 3: Project planning

The responses for this survey show a statistically significant correlation of 0.347 at 0.01 (99%) confi-
dence level between project planning and perceived project success. Thus, the null hypothesis Ho3 is
rejected in favor of Ha.

The results confirm that the use of agile estimation techniques allows for more accurate and reliable
estimation (Surowiecki, 2004), which in the context of this study, is found to have a positive associa-
tion with the teams’ perceived project success. Using the teams’ input into the iteration plan and the
presence of the customer during the initial estimation allows for transparency, clarification, and ex-
pectation management, resulting in a more realistic and achievable plan (Patel & Ramachandran,
2009b). This confirms previous findings that input from the development team in project planning,
based on the granular decomposition of the work required, allows for more accurate, reliable and
realistic estimates (Turner, 2014) and thus improved project success.

Hypothesis 4: Regular Delivery

The regular delivery construct shows a statistically significant correlation of 0.491 at a 0.01 (99%)
confidence level with the perceived project success construct. Thus, the null hypothesis Ho4 is reject-
ed in favor of Ha.

The positive association found between regular delivery and perceived project success is confirma-
tion of the underlying philosophy of an agile implementation, embodied in principle one and seven
of the agile manifesto (Fowler & Highsmith, 2001). Furthermore, these results align with existing
consensus in literature that regular delivery is a critical success factor for agile implementations
(Chow & Cao, 2008; Franga et al., 2010), with Franca et al. (2010) finding it to have the strongest
correlation with project success.

Hypothesis 5: Collaborative development

Though the agile manifesto encourages collaborative practices as per principle six (Fowler & High-
smith, 2001), collaborative practices such as pair programming is not found to be a critical success
factor in agile implementations in literature (Chow & Cao, 2008). However, the responses obtained
in this research show a statistically significant correlation of 0.270 at a confidence level of 0.05 (95%)
between collaborative development practices and perceived project success. Thus, the null hypothesis
HO-5 is rejected in favor of Hs.

However, this construct was found to have the weakest correlation of all the constructs. Though col-
laborative techniques have been found to result in improved code quality and increased business
knowledge (Bipp et al., 2008), working only for new and complex problems when the proper mix of
skills, personality and expertise are involved (Hannay et al., 2009). More specifically, collaborative
development techniques have been found to be less effective amongst experienced developers (Han-
nay et al., 2009) and since the majority of the respondents for this study have more than six years of
agile experience the weak correlation found is possibly due to prevalence of more experienced re-
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spondents, aligning to existing findings (Hannay et al., 2009). Due to the limitations of this study it is
not feasible to perform more in-depth analysis to explain the results obtained in further detail, how-
ever it could be a topic for future research.

Hypothesis 6: Test-driven development

A statistically significant correlation of 0.496 at a confidence level of 0.01 (99%) between test-driven
development and perceived project success was found. Thus, the null hypothesis Ho is rejected in
favor of Hg.

As previously discussed, a key component of perceived project success in an agile environment is
quality (Serrador & Pinto, 2015), which is “the most subject to variation in perception by multiple
project stakeholders” (Prabhakar, 2008, p. 7). Test-driven development activities have been shown to
improve the quality of the implemented software (Sanchez et al., 2007), whilst ensuring frequent de-
livery (Patel & Ramachandran, 20092). Whilst an increase in the quality has been found to improve
project success (Serrador & Pinto, 2015), the frequent delivery aligns with principle three of the agile
manifesto “Deliver working software frequently, from a couple of weeks to a couple of months, with
a preference to the shorter timescale.” (Fowler & Highsmith, 2001, p. 35). The finding of this study is
thus aligned with previous literature.

Hypothesis 7: Sustainable pace

The sustainable pace construct shows a statistically significant correlation of 0.340 at a 0.01 (99%)
confidence level. Thus, the null hypothesis Ho7 is rejected in favor of Hs.

Principle eight of the agile manifesto mentions “constant pace indefinitely” (Fowler & Highsmith,
2001, p. 31), which is the basis of this construct in the AMM. The practice of limiting the working
week to forty hours is one of the principles in extreme programming (Sauter, 2006) and has been
shown to be a critical success factor in agile implementation (Chow & Cao, 2008; Tanner & von
Willingh, 2014). The finding from this research thus aligns with critical success factor research (Chow
& Cao, 2008; Tanner & von Willingh, 2014). With a correlation of 0.340, the sustainable pace con-
struct is found to have the second lowest correlation to perceived project success. A possible expla-
nation for the low correlation is the negatively phrased questions used in the wording of one of the
questions for this construct, which has sometimes been found to potentially adversely affect respons-
es (Roszkowski & Soven, 2010).

Though Chow and Cao (2008) stress sustainable pace practice as a critical success factor, Franga et al.
(2010) found sustainable pace to not correlate with project success. A possible explanation for this
apparent misalignment of findings, is this study does not suffer from the same generalization re-
striction. The generalization restriction in the study by Franca et al. (2010) is primarily due to the size
and localization of the survey participants. Though the current study has a similar response size, the
sample does not suffer from the same localization restriction.

Hypothesis 8: Self-organizing team

The self-organizing team construct shows a statistically significant correlation of 0.540 at a confi-
dence level of 0.01 (99%). Thus, the null hypothesis Hog is rejected in favor of the hypothesis Hs.
The responses obtained in this survey depict a positive association between the independent con-
struct of a self-organizing team and the dependent construct of perceived project success.

The observation from this study is consistent with studies showing teams that operate in a “classic
craftsman environment” (Boehm & Turner, 2003, p. 7), being able to select their own work is critical
to the success of an agile implementation (Chow & Cao, 2008) and is shown to be critical in the suc-
cess of the project (Tanner & von Willingh, 2014).
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Hypothesis 9: Agile project management

The responses to the survey indicate a statistically significant correlation of 0.473 at a confidence lev-
el of 0.01 (99%). Thus, the null hypothesis Ho. is rejected in favor of H9. Principles seven “Working
software is the primary measure of progress” (Fowler & Highsmith, 2001, p. 35) of the agile manifes-
to equates project success to the delivery of software of value, to the customer.

Agile Project Management (APM) within the AMM, focuses the management efforts on metrics to
track the delivery of business value (Patel & Ramachandran, 2009a) and improving the quality of
software (Verheyen, 2014). Ambler (2011) concludes agile projects are considered successful when
deemed to be delivering value to the business, which is tracked by using agile methods such as burn-
down charts (Papadopoulos, 2015) and story completion rates being used to measure continuous
value delivery and risk reduction (Verheyen, 2014). While not explicitly mentioned as a critical suc-
cess factor, Chow and Cao (2008) lists the “Lack of agile progress tracking mechanism” (Chow &
Cao, 2008, p. 963) as a failure factor for agile implementations.

Hypothesis 10: Defect prevention

The defect prevention construct was found to have a statistically significant correlation of 0.473 at a
confidence level of 0.01 (99%) with the perceived project success construct. Thus, the null hypothe-
sis Ho.10 is rejected in favor of Hio.

The defect prevention construct focusses on the quality aspects of agile delivery, in favor of future
functionality (Patel & Ramachandran, 2009a). As discussed previously and highlighted by Highsmith
(2004) and Leppinen (2013), quality, though subjective (Prabhakar, 2008; Serrador & Pinto, 2015) is
a good indicator of project success. Thus, the observation from this study is aligned with previous
findings.

Furthermore, considered in conjunction with the “Test-Driven Development” construct, which fo-
cusses on quality, a fairly high inter-item correlation of 0.564 is found, showing that the respondents
consistently associate the focus on quality with perceived project success. However, the defect pre-
vention construct focuses on the sacrificing future functionality in favor of quality activities (Patel &
Ramachandran, 2009a). Given the limitation of this study it is not possible to test whether the ob-
served association holds consistently for all agile roles represented amongst respondents.

Hypothesis 11: Performance management

The responses obtained for this research indicates a statistically significant correlation of 0.626 at a
0.01 (99%) confidence level, between performance management and perceived project success. Thus,
the null hypothesis Ho.11 is rejected in favor of Hii.

The focus of the performance management construct is customer satisfaction and continuous cus-
tomer involvement (Patel & Ramachandran, 20092) and was found to have the strongest correlation
to perceived project success. Consistent customer involvement in the daily development activities is
repeatedly found to be a critical success factor for successful agile implementations (Tanner & von
Willingh, 2014), which aligns with the findings of this study. The strength of the correlation could be
explained by the distribution of respondents by agile role. There is a high representation of either
business representatives, in the form business representative (10 respondents, 8%), business analyst
(8 respondents, 6%) or line management (19 respondents, 14%), which is further evidenced by the
observed mean of 4.04.

The presence and constant involvement of the customer in successful agile delivery is embedded in
agile principle four “Business people and developers must work together daily throughout the pro-
ject” (Fowler & Highsmith, 2001, p. 35). The observed association between the consistent involve-
ments of the customer with the daily development activities is thus both congruent with the agile
manifesto and previous studies highlighting the importance of customer involvement (Hoda et al.,
2011; Sverrisdottir et al., 2014).
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DISCUSSION OF THE FINDINGS

All the constructs show a statistically significant positive correlation with the construct of perceived
project success. The secondary research questions posed for this research, namely “How are the spe-
cific process areas of the different maturity levels in the AMM associated with perceived project suc-
cess?” is answered diagrammatically by Figure 8.

The only construct observed to have a statistically significant correlation > 0.6 is performance man-
agement, from maturity level five of the AMM. Given that the focus of this construct is on customer
satisfaction (Patel & Ramachandran, 2009a), the underlying philosophy of agile methods is strongly
observed in the responses. The PerfMan construct in this research specifically focuses on when func-
tionality is accepted as being delivered, stressing all acceptance criteria to have been met as the sole
measure of delivery, aligned with agile principle seven “Working software is the primary measure of
progress” (Fowler & Highsmith, 2001, p. 35). Critical success factor research emphasizes regular de-
livery as a key factor but does not relate it to the satisfaction of the customer (Chow & Cao, 2008).
Performance management is thus observed to be a focus area for practitioners to achieve improved
perceived project success.

The construct found to have the second strongest statistically significant correlation is RM, from ma-
turity level two. This construct specifically focuses on understanding what functionality the customer
wants to be developed within an iteration. Viewed in conjunction with the performance management
construct, it is evident that requirements management shows a statistically significant correlation of
0.456 at a confidence level of 0.01 (99%) with performance management. Thus, practically the ability
to deliver what the customer wants (Performance Management construct) is associated with knowing
what the customer wants (Requirements Management construct). This is further confirmed by critical
factor research (Chow & Cao, 2008; Tanner & von Willingh, 2014). The observed correlation is pos-
sibly skewed by the bias in the responses to the Scrum methodology, since requirements manage-
ment in the context of scrum relies heavily on the presence of the customer during development for
clarification of requirements (Baruah, 2015).
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Figure 8: Conceptual model showing correlation found between constructs and perceived
project success

The RM is observed to have the strongest statistically significant correlation of 0.504 at a confidence
level of 0.01 (99%), with the Regular Delivery construct (RD), from maturity level three of the AMM.
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Whilst RM focuses on knowing what the customer wants and PerfMan on the satisfaction of the cus-
tomer, RD in the context of this research focused on the capability of this delivery and itself shows a
strong statistically significant correlation with Perceived Project Success (PPS). The observed correla-
tion between RD and PPS is consistent with findings from previous research (Franga et al., 2010).
RD in turn shows the strongest statistically significant correlation with the Customer Availability
construct (CA), from maturity level two of the AMM, which once again has been shown to be a criti-
cal success factor for agile implementations (Tanner & von Willingh, 2014). The observation is
aligned with previous findings which show a strong correlation between customer availability and
project success (Hoda et al., 2011).

The construct found to have the third strongest statistically significant correlation is Self-Organizing
Team (SOT), from maturity level four of the AMM. This observation is consistent with previous
studies which found SOT to be in the top three constructs in terms of strength of correlation to pro-
ject success (Misra et al., 2009). Interestingly in the observed results, SOT shows the strongest statis-
tically significant correlation with the previously mentioned constructs of PerfMan (0.541), CA
(0.540) and RD (0.524) at a confidence level of 0.01 (99%).

The primary research question “How are the different maturity levels of the Agile Maturity Model
(AMM) as proposed by Patel and Ramachandran (2009a) associated with perceived project successr”
is answered by reviewing the results found in Table 14 and depicted in Figure 9. Interestingly all the
maturity levels are found to have statistically significant correlations to the perceived project success
construct. Notably the correlation varies from r = 0.507,p < 0.01 at level two, r = 0.482,p <
0.01 at level three, 7 = 0.575,p < 0.01 at level four with a peak of r = 0.616,p < 0.01 at maturi-
ty level five, as shown in Figure 10. The solid line depicts the specific correlations found for each of
the levels whilst the dotted line shows the trend observed across the different maturity levels. As ob-
served, besides the decrease in the strength of the correlation at level three, the correlation increases
as the maturity level increases.
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Figure 9: Maturity levels correlation to perceived project success
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Figure 10: Correlation between maturity level and perceived project success

Notably the observed correlation at level three deviates from the overall observed behavior of in-
creasing correlation as maturity levels increase. However, it should be noted that the collaborative
development construct (CD), which forms part of the level three maturity was found to have low
internal consistency and reliability measures. The decrease in this correlation could thus be influenced
by the reliability of the CD and if it was ignored, the observed correlation would change to a value of
0.570 at a confidence level of 0.01 (99%), which would result in a more linear progression between
the strength of the correlation and the maturity level, as shown in Figure 11.
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Figure 11: Correlation between maturity level and perceived project success when Collabora-
tive Development construct is omitted

The increasing strength in the correlation as well as the higher correlation at maturity level five,
stands in contrast to studies relating CMMI maturity and agile success. This is as expected though,
since these previous studies are in consensus CMMI maturity levels above three are difficult to
achieve without sacrificing agility (Fritzsche & Keil, 2007; Lukasiewicz & Miler, 2012; Margal et al.,
2008; Potter & Sakry, 2009). The results obtained in this study thus both confirm the AMM by Patel
and Ramachandran (20092a) and highlight the findings of previous research that the observed behav-
ior of an agile maturity model differs from the traditional maturity levels in the CMMI.
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Thus, in answering the primary research question it is found from the responses obtained, achieving
higher levels of agile maturity in the AMM can be associated with an improved perception of project
success. Since a maturity model describes the evolution of a process over time, with each successive
level of maturity equating to an improvement in the desired outcome (Fontana et al., 2015), the re-
sults of this survey support the AMM as a maturity model for agile implementations.

In providing an answer to the research sub-question: “How are the specific process areas of the dif-
ferent maturity levels in the AMM associated with perceived project success?”, the observation shows
the activities are interspersed across maturity levels two, four and five but show strong correlation
with activities from other maturity levels. The activities in the higher levels of maturity show a reli-
ance on the customer availability construct (CA). Even though CA is found to have a statistically sig-
nificant correlation with PPS, it was found to be one of the weaker correlations amongst respond-
ents.

CONCLUSION

Though the most commonly accepted maturity model, the Capability Maturity Model Integrated
(CMMI) (Leppinen, 2013) has been found to be less compatible with agile methods, particulatly at
higher levels of maturity. Given the alignment of agile maturity models with the agile principles it can
be reasonably assumed achieving higher levels of maturity could be associated with an improvement
in the successful delivery of projects. This research was specifically conducted to ascertain whether
an association exists between the maturity levels of the Agile Maturity Model (AMM) (Patel & Rama-
chandran, 2009a) and the Perceived Project Success (Serrador & Pinto, 2015).

The sixty-nine responses were analyzed using correlation analysis and found to strongly align with
prior research focusing on critical success factors for agile implementations. The strongest correla-
tions are found between Performance Management (0.626), Requirements Management (0.559) and
Self-Organizing Teams (0.540). Interestingly these activities occur at different maturity levels within
the AMM but all the element of either customer involvement and/or collaboration with the custom-
er embedded.

The data analysis found varying statistically significant positive correlation exists between maturity
levels and perceived project success. The strongest correlation was found at the highest maturity lev-
el, with relatively weaker correlation at the lower levels of maturity. It can thus be concluded that a
higher level of maturity in the AMM is positively associated with perceived project success. The con-
tribution from this research is the validation of the conceptual model relating the activities and ma-
turity levels of the AMM as the independent variables to the dependent variable of perceived project
success. For practitioners, the study has practical implications in systematically identifying the critical
agile activities, such as the use of story cards, continuous delivery and the presence of a knowledgea-
ble customer to improve perceived project success. With the activities arranged in a proper maturity
model the results of this study can guide practitioners as to the order in which activities should be
introduced into an environment.

The primary limitation of the research is the bias towards more technical roles within an agile team,
with the majority of the respondents from a development role with a limited number of respondents
indicating themselves to be business representatives. A further limitation is the limited number of
responses obtained. With sixty-nine valid responses, the possible statistical analysis is limited and
does not offer the researcher the opportunity to, for example, segment the responses by agile role or
find moderating variables, such as industry or experience, within the responses.

To address some of the limitations mentioned it would be useful to perform this study, using the
same conceptual model as a basis for a qualitative study. This would allow the researcher the oppor-
tunity to strictly define the population as well as obtaining input from the technical and business rep-
resentatives from the same agile teams. Additionally, this would allow the researcher to provide com-
parisons on whether the perception of project success is consistent between the technical and busi-
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ness team members. Finally, the agile maturity model selected for this research is one of a number
currently under discussion in literature. It would be possible to re-use the conceptual model used in
this research and substitute a different agile maturity model, to determine if similar results will be
obtained.
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