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Abstract

Over the past several years, global project management teams have been facing dynamic
challenges that continue to grow exponentially with the increasing number of complexities
associated with the undertaken tasks. The ever-evolving organizational challenges demand
project managers to adapt novel management practices to accomplish organizational goals
rather than following traditional management practices. Considering which, the current
study aims to explain the effect of agile management practices upon project performance
directly as well as while being mediated through project complexity. Furthermore, the afore-
mentioned mediatory relationship is evaluated in terms of the moderating effect of leader-
ship competencies. The current study utilized the survey approach to collect the data from
registered |.T firms deployed in the potential metropolitans of each province of Pakistan
including, Peshawar, Islamabad, Lahore, Sialkot, Faisalabad, Hyderabad, Sukkur, and
Karachi. A total of 176 responses were utilized for statistical evaluations. As result, it was
observed that the negative influence anticipated by project complexity on project perfor-
mance was compensated by the agile management practices. Further, the leadership com-
petencies played a pivotal role in managing project complexity while implementing agile
management practices and therefore enhancing project performance. The current study
abridges the potential knowledge gap conceptually by evaluating the direct impact of agile
management upon project performance while considering all of its aspects, exploring the
mediatory role of project performance and evaluating the moderating role of leadership com-
petencies in attaining optimum project performance. In contextual terms, the current study
fills the knowledge gap by gauging the implications of agile management practices within
the I.T sector of Pakistan. The results of the current study can be a potential guide for both
the academicians and the industry professionals.
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Introduction

The agile management approach in terms of project development process remains rather a
novel practice for most of the organizations of today to adapt and practice. Regardless, recent
studies have indicated that organizations around the globe considering their long terms bene-
fits are adapting the agile management practices more, in comparison to the traditionally fol-
lowed waterfall management practices; especially in the IT sector. Research so far has
highlighted the relevance of the agile management practices as well as has justified its construc-
tive impact on the performance of an organization [1, 2]. In specific to the management trends
being followed, a recent global report of PMI comprising opinion of 727 executive members
deployed on 3,234 projects across Europe, Asia Pacific, North America, Latin American, Mid-
dle East, Africa, and Caribbean Regions, proposed the implementation of agile management
practices as a potential reason to trigger organizational productivity. Therefore, signifying the
impact of agile management practices upon the performance of the firms [3]. Moreover,
another recent study conducted by Ambysoft indicated agile management practices to deliver
a success rate of 55% in comparison to the waterfall management practices with a success rate
of 29% only. The report further indicated that 36% of the projects completed under the agile
management practices remained challenged and required limited fulfillment of constraints to
accomplish the projects. In contrast, the waterfall management practices were credited 67% of
the challenged projects. The study also revealed the agile management practices to be attrib-
uted with only a mere 3% of project failure rate [4]. Thus, justifying the constructive impact of
agile management practices in terms of enhanced performance measures. Regardless, the pre-
cise study indicating the impact of implementing agile management practices upon the project
performance while considering all of its related aspects is yet to be explored [5, 6]. Considering
the potential research gap, the current study took into account of all relevant aspects of project
performance including ‘time’, ‘finances’, ‘magnitude of efforts’, ‘work environment moral’,
‘fulfillment of quality criterions’ as well as the ‘satisfaction of regarding stakeholders” and fur-
ther observed the variation, in terms of the implementation of the agile management practices.

Considering the organizational accomplishment related aspect of the current research, the
performance associated with the projects is often challenged by the magnitude of the complex-
ity faced by the firms. Complexity, if not addressed timely can rile up to potential risks and
consequently result in declined performance to a limit where it can jeopardize the existence of
an organization itself. Considering which, research so far has indicted that implementation of
relevant management practices can enable the mitigation of complexity associated to a project
[7, 8]. As Sohi, Hertogh [9] in their recent study were able to justify the association of agile
management practices with the abridged level of project complexity to some extent. It was fur-
ther speculated by the researchers to enhance the project performance of any given firm.
Therefore, to address the existing knowledge gap the current study took into account the
mediating role of project complexity, to be able to analyze the direct impact of agility upon
project complexity as well as the project performance. Moreover, justify the theorized impact
of agility in terms of reduced project complexity and enhanced project performance.

Taking into account the managerial aspect of the current study, prior studies have indicated
that the efficient and effective implementation of management practices for the most part has
remained predominated by the human factor, and of which leadership competencies is of
most vital consideration [10]. In various contexts, the effective implementation of leadership
competencies has been found to have a significant impact on the overall organizational perfor-
mance of any given firm [11, 12]. In relevance, a consolidated view of the implementation of
leadership competencies to mitigate the organizational complexities and enhance performance
measures is yet to be evaluated [13]. It is very much expectant of the agile management
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practices to depict enhanced performance as a result of effective leadership competency miti-
gating the magnitude of dynamic organizational challenges. Considering which, the current
study evaluated the moderating role of leadership competencies to observe the controlled
impact of professional complexities and the delivered project performance. Therefore, filling
in the existing conceptual knowledge gap indicated by prior researchers.

Furthermore, in specific to filling in the contextual research gap, the current study explored
the implication of the targeted variables within the I.T sector of Pakistan, which itself has seen
significant progression over the years.

The present study aims to accomplish the following research objectives:

ROLI: Determine the effect of agile management practices on project performance.

RO2: Evaluate the mediating role of project complexity between agile management practices and
project performance.

RO3: Gauge the moderating role of leadership competencies between agile management practices
and project complexity.

The following sections of the study comprises of the detailed literature review of all the
opted variables of the current study as well as their hypothetical development. Further, the
methodological approach to collect the data from the targeted population is presented, which
is then further statistically evaluated and explained in the results and analysis section. Followed
to which, the deduction based upon the evaluated results are presented in the discussion.
Lastly, the outcomes of the current research are deduced in the conclusion section.

Literature review

Agile management. The concept of agile management got tossed in 1991 when the term
agility was defined in a report by the Lacocca Institute, as “the ability to thrive in rapidly
changing, fragmented markets”. As the concept evolved, agility was redefined as, “the state or
quality of being able to move quickly in an easy fashion”. Therefore, for any firm labeled as
agile is expectant to resolve unforeseeable challenges. Therefore, assuring the organizational
sustainability in uncertain environments [14, 15]. The concept of agile management is multi-
faceted in nature and the remnants of its implementation have been observed across various
disciplines over last few decades. Most early implementation of agile management practices
was embraced by the manufacturing sector. At time, agility was defined as, “the capability of
an organization to meet changing market requirements, maximize customer service levels and
resultantly minimize the cost of goods” [16]. The agile management practices for a decade and
more remained implemented within the manufacturing industry only [17]. It wasn’t until the
commercialization of the internet in 1995 when the agile management practices attained matu-
rity in other industrial sectors as well, especially the software development [18]. To formalize
the agility practices in terms of the software development process the OOPSA conference held
in the same year played a momentous role when Ken Schwaber and Jeff Sutherland defined
the cardinal principles for the implementation of agility on an organizational scale. Later, the
agility saw minuscule implementation in the years to come, till 2001. It happened when various
professionals, practitioners, and theorists came up with “Agile Manifesto”, which was mutually
signed and published on the internet. The manifesto challenged the implications of tradition-
ally followed management practices onto the project-related outcomes with a higher level of
uncertainties. Further, in addition to declaring the traditional management practices mis-
aligned towards the dynamically natured projects, the report emphasized the induction of
agile management practices in such environments. Thus, effectively managing organizational
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objectives, minimizing project complexity, and delivering efficiency in terms of organizational
performance [16, 19].

To understand what made the implementation of agile management practices a success in
the software industry as well as its spread across the globe on the exponential rate in contrast
to any other industry, one has to take into consideration the following factors on which the
dynamics of agile management rely onto and further draw a comparison of them with the tra-
ditionally followed management practices [2, 20] (See Table 1).

The software industry has for most part evolved over the past 30 years. But the last decade
has depicted a significant surge in the industry’s growth and its respective performance. The
reason justifying the phenomena has been the broader application of agile management prac-
tices, that replaced the traditionally followed management practices over time. The earlier
research has justified the execution of agility in terms of ensuring enhanced performance, and
also have supported the fact that implementation of agility is most suitable for the business
environs that are dynamic in nature. Since, it has very vividly been observed that the imple-
mentation of software project development requires the dynamic implementation of opera-
tional measures as the problems are evolving real-time, which justifies the complexity
associated with the software industry. Considering which, the software development sector is a
perfect fit to adapt agile management practices [5].

Apart from the software products and services, one of the major parts of the project devel-
opment process is the interaction between the stakeholders which plays a pivotal in determin-
ing the performance of the project. Considering which, Uludag, Kleehaus [22] and Hobbs and
Petit [23] in their respective studies indicated that agile management practices allow organiza-
tions for its internal stakeholders to communicate freely as well as maintain a consistent
stream of feedback from the external stakeholders. Thus, assuring the regarding organization
to achieve optimal performance levels.

Considering the ability of agile management practices to enable its utilizers to accomplish
projects in a dynamic environment and be able to deliver optimized performance while con-
sidering its respective dimensions i.e., competency, flexibility, quickness, and responsiveness,
the current study took into account the implementation of agile management practices in rela-
tion to all the aspects of performance.

H1: Agile management practices will significantly impact the project performance, in a
positive manner.

Project complexity. Any given organization that functions onto various organizational
factors either human or non-human operating in parallel to one another, is bound to face
unexpected challenges to manage through and accomplish its goals. Considering which, the
software industry has been the most critical one on the list [24]. It has been so because regard-
less of the business type, every operational entity is reliant on the software utilization either it
is in form of communication, logistics, traveling, academia, and even fields as critical as health-
care. Therefore, justifying the software industry to be the one facing crucial levels of complex-
ity [25].

Typically, for a large-scale operation with a higher magnitude of complexity, like software
development, is often considered as a project rather than a routine-based operation/task, by
most of the organizations. This demands a persistent application of relevant management
practices under effective supervision to tackle the complexity.

For the successful accomplishment of a project, opting relevant management approach
plays a pivotal role in tackling the complexities associated with the environment. Since only
the right management approach can enable the managers to make correct calculations to
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Table 1. Management practices & suitable conditions [20, 21].

Conditions

Business
Environ

Project’s
Ownership
Working Style

Client’s
Involvement
Project’s
Preplanning
Project’s
Planning

Innovation Type

Modular
Approach

Project’s
Deliverance

Change
Affordability
Managing
Changes

Interim Errors

Agile Management

The client’s preferences and respective solutions are dynamic.

The ownership is shared equally between all the members of the
team as well as its associated stakeholders.

Free flow of communication is encouraged so that everyone can
float their ideas.

The client’s requirements evolve as the project proceeds.

The preplanning phase remains active throughout every step of the
project.

The plan is delivered to the client in distributed chunks.

The solutions associated with the designated problem are not clear.
Because of which, the product specification may alter over time.

The work can be broken down into independently working
modules, which can be improved by iterative updating.

The project is delivered as well as parallelly evolved in terms of
incremental deliverance.

Late alterations to the project can be accommodated and will not
incur significant losses.

Changes can be made in any module at any point in the
development phase, with a greater amount of flexibility.

Errors are known to provide insight to the possible improvements

to the project and are considered as an asset in terms of knowledge.

https://doi.org/10.1371/journal.pone.0249311.t001

Waterfall Management

The business environ is stable and foreseeable.

The project manager is considered as the owner of the project in terms of
operations, until its accomplishment.

Hierarchical management is implemented. Which allows the implementation
of directs from the top management only.

The client’s demands remain stable throughout the project.

The preplanning is conducted once before the initiation of every major phase
of the project.

A one-time plan is delivered to the client, along with a negligible margin of
change.

The level of innovation is not groundbreaking. Solutions are very clear.
Detailed plans along with the project’s specifications are available to proceed
with.

The testing of the product cannot begin until the project is accomplished in
terms of the developmental phase.

The project is delivered on a one-time basis.

Late alterations to the project can either be very expansive or impossible to
accommodate.

A top-down pattern in managing changes is observed since the development
of the project is carried on from one phase leading to another.

Errors may result in catastrophic situations for the organization, working on
the project.

allocate the right percentage of resources to the right places at the right time. Moreover, the
application of a relevant management approach enables the mitigation of risk and the magni-

tude of projected losses [2, 26].

Prior studies have indicated a directly proportionate relationship between the complexity
and the respective performance of an organization and the projects associated with it. This
suggests that if the complexities associated with any given project are not handled effectively
on time, are probable to cause an escalation in the level of hindrances associated with the proj-
ect and may even result in failure of the project itself [27, 28].

Project complexity attributed to any given project is determined upon the variation in the
number of tasks, their respective types, individuals deployed, and numerous other consider-
ations. Considering which, effective prioritization of the entities involved, and the correct allo-
cation of resources is necessary. All of which is only possible through the application of the
relevant management approach [8].

Past decades have seen an evolution in terms of management practices and their respective
application. Which have encouraged both academia as well as practitioners to extend the
knowledge upon. As a matter of fact, among the two widely practiced project development
management approaches i.e. waterfall and agile, it is the agile management approach that has
proved itself to be more efficient to accomplish projects, across the world [29].

Considering which, Zhu and Mostafavi [8] in their study indicated the ability of agile man-
agement practices to manage through complex settings more effectively and efficiently. Thus,
suggesting to lead the project towards better performance. Moreover, in another study Maylor
and Turner [27] highlighted the aspect of stakeholder’s involvement in the development pro-
cess, which justified the mitigation of project complexity to a greater extent. As agile
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management encourages the internal stakeholders of the project to seek continuous feedback
from one another as well as from the clients throughout the process. Doing so reduces the
amount of ambiguity from the development phase as much as possible and induce desired
changes along the process. Thus, the finished project is much more of a reflection of the client’s
expectations and assurance of enhanced performance. Moreover, in specific to the software
industry the nature of projects is bound to change much more rapidly than any other industry,
which classifies the software industry with the highest level of complexity attributed to it. For
its resolution, the agile management approach suggests breaking down of complex scenarios
into smaller tasks with reduced complexity. Thus, resulting in the effective and focused appli-
cation of management practices, which would further result in mitigation of complexity asso-
ciated with the project as well as elevated project performance [18, 27].

Considering, the ability of agile management practices to mitigate the magnitude of com-
plexity associated with the project and enhance the chances of the performance associated to
the regarding project accomplish projects in a dynamic environment, the current study took
into account the direct implementation of agile management practices in relation to the
diminished project complexity. Moreover, the project complexity was evaluated in terms of a
mediator.

H2: Agile management practices will significantly impact the project complexity, in a neg-
ative manner.

H3: Project complexity will significantly impact the project performance, in a negative
manner.

H4: Project complexity will significantly mediate the relationship between agile manage-
ment practices and project performance.

Leadership competencies. The opting of management practices is not enough for an
organization to function properly. Rather it is the effective implementation of those defined
policies that ensure the magnitude of performance delivered and subsequently the overall sus-
tainability of an organization. For which, it is the human factor in terms of leadership, within
an organization that contributes the most towards it. This is where leadership and its respec-
tive competencies come into play. Andriukaitiené, Voronkova [30] in their study defined proj-
ect manager competence as a combination of knowledge (qualification), skills (ability to do a
task), and core personality characteristics (motives, traits, self-concepts) that lead to superior
results.

In the project management literature, few topics are too frequently discussed yet are very
rarely agreed upon; such as the aspect of project performance [2]. The last two decades have
extended the scope of project performance far beyond the measures of cost, time, and func-
tionality. The project performance measures of today demand to fulfill the satisfaction crite-
rion of the stakeholder associated with the given project, attainment of business/
organizational goals, product success, and development of the team involved. All of which is
very much reliant upon the effectiveness of the implied organizational practice under human
supervision [31]. Refereed to which, Magbool, Sudong [32] in their study identified the possi-
ble shortcoming that may hinder the performance associated to any given project. The find-
ings identified the hindering effects as the ineffective management practice observed in the
planning, organization, and controlling of the project. Furthermore, Alvarenga, Branco [33]
identified various performance measures associated with well-executed projects. Overall, the
findings reflected the leadership competency in terms of maintaining effective communication
and problem solving resulted in enhanced project performance. While, the absence of

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311  April 5, 2021 6/24


https://doi.org/10.1371/journal.pone.0249311

PLOS ONE

Impact of agile management on project performance

leadership competency in terms of inadequate administration/supervision, human skills, and
emotional influencing skills (IQ & EQ) resulted in declined performance or even failure in
some cases. Ahmed and Anantatmula [34] in his study suggested that the manager’s percep-
tion of performance and belief in his/her ability can play a significant role in determining the
performance delivered. Thus, deeming the leadership competency to play a pivotal role in the
accomplishment of a project. Akin to which, Turner came up with the seven forces model to
define the factors influencing the project’s performance. The model highlights the people as
the cardinal force to drive the project towards accomplishment; which is only possible through
leadership competencies, teamwork, and industrial relations. Hassan, Bashir [35] in their stud-
ies brought up the subject that despite the vast research on the project performance and its
related measures the organizations still fail to satisfy its stakeholders. It was because most of
the research done so far was considering time, cost, and quality as the only measure to deter-
mine the project performance delivered. Hassan, Bashir [35] and Magbool, Sudong [32] indi-
cated the criticality of including the human factor in terms of leadership competence/ability to
determine the performance of the project. Zuo, Zhao [36] and Gunter [37] as well in their
studies reviewed the impact of leadership’s competence and style to determine the project’s
outcomes and concluded the fact that the existing literature has for most part overlooked the
impact of leadership competence on the project’s performance. Therefore, to evaluate the con-
trolling effect of leadership competency to observe change in the magnitude of the perfor-
mance delivered, the current study proposed the following hypothesis (See Fig 1).

H5: Leadership competencies will significantly impact the project performance, in a posi-
tive manner.

H6: Leadership competencies will significantly moderate the relationship between project
complexity and project performance.

Research methodology

The current study implemented a cross-sectional quantitative approach to make a deduction
regarding the variables under consideration. The population opted for the current study was
comprised of the registered I'T firms deployed across Pakistan, with a total count of 1800 [38].
The sampling was further conducted through a cluster approach to determine the targeted
respondents. The country was considered as being divided into five clusters, which are also its
provinces i.e. Khyber Pakhtunkhwa, Gilgit Baltistan, Punjab, Sindh, and Baluchistan. The sam-
ple count of each cluster was proportionately determined while considering the number of IT
firms deployed in each province. This approach enabled determining the unbiased opinion of
the general population, rather than the opinion of respondents associated with a specific clus-
ter; overshadowing the other clusters [39]. Conclusively a sample size of 176 responding firms
was evaluated through the sample size formulation commended by [40, 41] (See Eq 1).

Sample Size :# (1)
L (5

Where (z) is the representative of the corresponding z-score, (e) is the margin of error, and
(N) is the population size. Whereas the confidence interval taken for the study was 99%.

The survey questionnaire was composed of 48 items in total. To determine the application
of agile management practices on the organizational level a 20 relevant items were adapted
from the scale developed by Zhang and Sharifi [42]. The scale itself was based upon four
dimensions i.e. ability, flexibility, quickness, and responsiveness. To determine the leadership
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Agile Management Practices

Fig 1. Conceptual model.
https://doi.org/10.1371/journal.pone.0249311.g001

Leadership Competencies

\ 4

Project Complexity Project Performance

\ 4

Variable (Legends) Relationship (Legends)
Independent N Dependent Direct —
Mediator Mediation
Moderator Moderation

competencies of managers on various hierarchical levels of an organization, an 10 items were
adapted from the scale developed by Chung-Herrera, Enz [43]. The scale was composed of 8
unique dimensions i.e. self-management, strategic positioning, implementation, critical think-
ing, communication, interpersonal, leadership, and industry knowledge. To determine the
overall magnitude of complexity associated with the project under study, 12 items were
adapted from the scale developed by Xia and Lee [44]. To determine the overall performance
of the undertaken projects, a 6 items scale developed by Yusuf, Sarhadi [45] was utilized in the
current study. The responses were recorded upon the 5-Point Likert scale, which had (1) to
refer to “Strongly Disagree” up to (5) referring to “Strongly Agree” [46].

The current study included the opinion of the respondents recorded in terms of quantita-
tive scale. During the data collection process, no confidential information (personal/organiza-
tional) was inquired about. Also, the presented research did not categorize the involved
workers in terms of race/ethnicity, age, disease/disabilities, religion, sex/gender, sexual orienta-
tion, or other socially constructed groupings. Therefore, COMSATS University Islamabad’s
Ethics Review Committee declared the current study exempted from the requirement of con-
sent from the respondents. Considering which, a total of 250 questionnaires were disseminated
to survey the professionals of the Pakistani IT industry. By the end of the survey process, a
total of 190 responses got collected. Thus, the overall response rate of the study was 76%. Fur-
ther, 7% of the responses were discarded as a result of being incomplete or erroneous. Since
both incomplete or redundant data can affect the results adversely [47]. Followed to the collec-
tion of data the next phase demanded the application of appropriate statistical tools and
respective data analysis techniques to make deductions regarding the objectives of the study.
For which the current study utilized the SmartPLS GmbH’s SMART Partial Least Squares
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(SMART PLS 3.0) to analyze the dataset. Various studies in recent years have utilized a similar
tool and respective techniques to analyze the data and make respective deductions [48, 49].

Statistical results & analysis

To begin with, the information was gauged to assess the instrument’s reliability and validity.
Further, the instrument’s fitness was evaluated in terms of factor loadings. The results identi-
fied few unfit components associated with the variables under study. Suggested to which, the
identified unfit components of the hypothesized model were then removed. Followed by
which, the information was evaluated to gauge the direct and indirect effects of variables, in
alignment with the hypothesized model. Finally, the hypothesized model was concluded upon
the evaluation of the total impact of the predictor variables upon the dependent variable [50,
51].

Demographical classification

The respondents of the study had variating attributions associated with them in terms of
demographics. The current study classified the respondents in terms of age, tenure of employ-
ment, sector of employment, the status of employment, and the geographical location of their
organization.

As a response to which 63.6 percent of employees were aged between 20-29 years, 21.6 per-
cent were aged between 30-39 years, 10.8 percent were aged between 40-49 years and 4.0 per-
cent were aged 50 years or above.

In specific to the tenure of employment or the managerial experience, 27.8 percent of
respondents had an experience of less than 1 year, 20.5 percent had experience ranged between
1-2 years, 19.3 percent had experience ranged between 2-5 years, 9.1 percent had experience
ranged between 5-10 years and, 23.3 percent had an experience of 10 years or over.

In terms of the employment sector, 53.9 percent of the individuals were employed in the
public sector. While 46.1 percent of the individuals were employed in the private sector.

In terms of the geographical placement of the surveyed organizations, 12.5 percent of the
firm were deployed in the Khyber Pakhtunkhwa and Gilgit Baltistan, 50 percent of the firm
were deployed in Punjab, 25 percent of the firm were deployed in the Sindh and, 12.5 percent
of the firm were deployed in the Balochistan. Thus, deeming the study to utilize the equiva-
lently proportionate responses from each province, that were aligned with the proportion of
firms in each province, nationwide.

Structural equation modeling

Structural equation modeling is a multivariate based statistical evaluation approach that is uti-
lized to determine structural associations between the components of a hypothesized model
[52, 53]. The adapted approach is a combination of factor analysis and multiple- regression
analysis. The current study took a two-stage approach to conduct SEM. The first stage involved
the application of confirmatory factor analysis (CFA), which justified the consistency of the
research instrument and its associated components/items. Followed by which, the research
instrument was tested for its respective reliability and validity in the first stage of SEM, as com-
mended by prior research [53]. The second stage of SEM involved the evaluation of measuring
the magnitude of impact existent between the observed and latent variables under discussion.
Which were further justifies in terms of their significance and their respective relevance in
alignment to the hypothesized relationships [54].

SEM (stage 1). To begin with, the first stage of the SEM tested the measurement model
for its reliability, validity (convergent, discriminant), and consistency to the components
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towards the research instrument, utilizing the CFA approach. CFA is a commended approach
to test adapted research instruments for their consistency [49, 55].

Instrument’s reliability. The reliability of a research instrument is its ability to give con-
sistent results with negligible variation regardless of the environment it is utilized in. SEM uti-
lizes Cronbach’s Alpha as the criterion of reliability associated with a research instrument. For
a research instrument and its respective components to be reliable the value of Cronbach’s
Alpha is commended to be higher than 0.70 [56]. Keeping that in view, the values of Cron-
bach’s Alpha associated with all the variables under study were above 0.70 (See Table 2). Thus,
deeming the respective research instrument to be reliable.

Instrument’s validity (convergent). The validity of a research instrument is defined as its
ability to measure the phenomena that it is supposed to measure. There are two types of valid-
ity i.e. convergent and discriminant [57, 58]. The convergent validity associated with a research
instrument is the measure to determine the relatability of research items to their respective
variable. SEM utilizes Average Variance Extracted (AVE) as the criterion of validity associated
with a research instrument. For a research instrument and its respective components to be
convergently valid, the value of AVE is commended to be higher than 0.5 [49, 59]. Keeping,
that in view the values of AVE associated with all the variables under study were above 0.5 (See
Table 3). Thus, deeming the respective research instrument to be convergently valid.

Instrument’s validity (discriminant). The discriminant validity associated with a
research instrument is the measure to determine the magnitude of dissimilarity of research
items associated with a variable towards the research items of the rest of the variables under
study. SEM utilizes Fornell-Larcker Criterion as the criterion of discriminant validity associ-
ated with a research instrument. For a research instrument and its respective components to
be discriminately valid, the correlative value of Fornell-Larcker Criterion of a variable with its
components is commended to be higher than the correlative value of other variables in the
study [48, 49]. Keeping, that in view the values of the Fornell-Larcker Criterion associated with
all the variables under study were comparatively higher than the correlative values of other var-
iables in the study (See Table 4). Thus, deeming the respective research instrument to be discri-
minately valid.

Another measure to determine, the discriminant validity associated to a research instru-
ment is the Cross Loadings. For a research instrument and its respective components to be dis-
criminately valid, the correlative values of Cross Loadings of the items of a variable are
commended to be higher than the correlative values of similar items with other variables in the
study [49]. Keeping, that in view the values of Cross Loadings associated to all the items of the
variables under study were comparatively higher than the correlative values of similar items
with rest of the variables in the study (See Table 5). Thus, deeming the respective research
instrument to be discriminately valid.

Lastly, in terms of evaluating the discriminant validity, the Heterotrait-Monotrait Ratio
(HTMT) is considered as the most precise measurement. HTMT is based upon a higher level
of specificity that is ranged between the measurement precision of 97%-99%. On the contrary,
the measures of Cross Loadings followed by the Fornell-Larcker Criterion can only depict a
measurement precision ranged between 0.00%-20.82% [49, 60]. In terms of HTMT, for a
research instrument to be valid, the correlational terms must be valued lower than the 0.90.
Keeping that in view, the correlation values associated with all the variables were below 0.90
(See Table 6). Thus, deeming the respective research instrument to be discriminately valid.

Multi-collinearity. Multi-Collinearity is the state of higher correlation existent between
the variables and the indicators associated with them. Which can further lead to unreliable sta-
tistical projections and inferences. To test a variable and its respective indicators for collinear-
ity, the proposed criterion of VIF is followed. The referred criterion suggests for all the
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Table 2. Cronbach’s alpha.

Agile Management
Leadership Competencies
Project Complexity

Project Performance

https://doi.org/10.1371/journal.pone.0249311.t1002

Table 4. Fornell-Larcker criterion.

Cronbach’s Alpha rho_A Composite Reliability
0.933 0.934 0.940
0.904 0.909 0.921
0.867 0.867 0.889
0.891 0.894 0.917

Table 3. Composite validity (AVE).
Average Variance Extracted (AVE)

Agile Management 0.542
Leadership Competencies 0.538
Project Complexity 0.500
Project Performance 0.648

https://doi.org/10.1371/journal.pone.0249311.t1003

Agile Management Leadership Competencies Project Complexity Project Performance
Agile Management 0.765
Leadership Competencies 0.693 0.763
Project Complexity 0.703 0.601 0.634
Project Performance 0.742 0.753 0.548 0.805

https://doi.org/10.1371/journal.pone.0249311.t1004

indicators of the regarding variable to have a VIF value lower than 5 to be fit in terms of collin-
earity measure [48]. Keeping that in view all the indicators associated with the variables under
study were found to have VIF value under 5 (See Table 7).

Factor loadings. Followed to fulfilling the criterion of the research instrument’s reliability
and validity the respective components must fulfill the criterion of factor analysis that is mea-
sured in terms of Factor Loadings. Factor Loadings are determinant of the variability and cor-
relation associated with the items of the observed variables under study. For an item associated
with a variable to fulfill the Factor Loading criterion, must be valued above 0.7 [61, 62]. In
comparison to which, selective items associated with agile management (AM13) and project
complexity (PC2, PC4) were found below the commended threshold value (See Table 8). Thus,
these items were removed from the measurement model, to enhance the overall fit.

SEM (stage 2). After the deletion of unfit components of the measurement model, the sec-
ond stage involved the reassessment of the measurement model. The model was retested in
terms of Factor Loadings, which depicted all of the values to be ranged above the minimum
threshold of 0.70 [62] (See Table 9).

Path coefficients. After conforming to the component fitness criterion, the structural
model was evaluated in terms of the magnitude of the effect the observed variables had on the
latent variables. The said magnitude was evaluated utilizing the measure of Path Coefficients.
The value associated to the measure of path coefficient varies between +1, which suggests the
positive and negative relationship between the variables under consideration [48, 63, 64]. The
effect of agile management practices over the project performance was valued at 0.473. The
effect of agile management practices over the project complexity was valued as 0.703. The
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Table 5. Cross loadings.

Agile Management Leadership Competencies Project Complexity Project Performance
AM1 0.782 0.563 0.564 0.557
AM2 0.714 0.487 0.470 0.488
AM3 0.750 0.461 0.454 0.564
AM4 0.696 0.385 0.479 0.485
AM5 0.677 0.434 0.411 0.546
AM6 0.675 0.467 0.424 0.505
AM7 0.662 0.604 0.471 0.594
AMS 0.763 0.490 0.545 0.519
AM9 0.670 0.433 0.463 0.485
AM10 0.616 0.368 0.353 0.439
AM11 0.621 0.415 0.503 0.429
AM12 0.630 0.419 0.481 0.476
AM13 0.468 0.304 0.414 0.358
AM14 0.678 0.495 0.430 0.547
AM15 0.597 0.420 0.520 0.372
AM16 0.618 0.452 0.451 0.494
AM17 0.648 0.427 0.476 0.428
AM18 0.648 0.518 0.454 0.454
AM19 0.670 0.507 0.468 0.552
AM20 0.656 0.523 0.413 0.567
LC1 0.571 0.753 0.432 0.569
LC2 0.640 0.808 0.500 0.638
LC3 0.564 0.735 0.452 0.646
LC4 0.564 0.778 0.491 0.570
LC5 0.362 0.659 0.344 0.390
LC6 0.497 0.717 0.409 0.541
LC7 0.472 0.734 0.470 0.539
LC8 0.437 0.703 0.414 0.539
LC9 0.396 0.697 0.367 0.483
LC10 0.508 0.736 0.496 0.543
PC1 0.563 0.536 0.628 0.456
PC2 0.442 0.417 0.575 0.394
PC3 0.517 0.464 0.659 0.489
PC4 0.488 0.334 0.590 0.341
PC5 0.507 0.455 0.625 0.395
PCé6 0.418 0.337 0.636 0.304
PC7 0.453 0.314 0.697 0.289
PC8 0.365 0.253 0.650 0.238
PC9 0.322 0.264 0.671 0.201
PC10 0.356 0.364 0.648 0.350
PC11 0.402 0.329 0.632 0.281
PC12 0.318 0.315 0.587 0.212
PP1 0.560 0.521 0.383 0.762
PP2 0.547 0.560 0.442 0.792
PP3 0.601 0.591 0.511 0.806
PP4 0.581 0.657 0.398 0.807
PP5 0.629 0.656 0.448 0.819
(Continued)
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Table 5. (Continued)

Agile Management Leadership Competencies Project Complexity Project Performance
PP6 0.657 0.636 0.460 0.843

AM: Agile Management, LC: Leadership Competencies, PC: Project Complexity, PP: Project Performance.

https://doi.org/10.1371/journal.pone.0249311.t005

effect of leadership competencies over the project performance was valued at 0.664. Lastly, the
effect of project complexity over the project performance was valued at 0.149. The evaluated
effects were further justified in terms of the level of significance attributed to them i.e. p-value
< 0.05. Since all the results fulfilled the significance criterion, for which the evaluated effects
were considered as accepted (See Table 10). Thus, justifying the following hypothesized rela-
tionships between the variables under study:

Coefficient of determination (r%). Coefficient of Determination (r°) is representative of
the amount of variance the exogenous variable/s can cause in the associated endogenous vari-
able/s. The value of the Coefficient of Determination (r2) varies between 0-1. The higher the
value of 7 the higher the magnitude of impact implied by the exogenous variables [65]. Keep-
ing that in view, the exogenous variables of the study i.e. (Agile Management, Project Com-
plexity, and Leadership Competencies) impacted the endogenous variable i.e. (Project
Performance) with an r° valued at 0.582. Thus, justifying 58.20% of the variance explained (See
Table 11).

Effect size (f°). Effect Size (f) is representative of the magnitude of effect an exogenous
variable can have on an endogenous variable. The respective magnitude of the effect is classi-
fied into three tiers. For a given relationship the values of Effect Size (f) ranged between 0.02-
0.14 are attributed as a small effect. Likewise, values ranged between 0.15-0.35 are attributed
as a medium effect, and values ranged 0.36 and above are attributed as a large effect [48, 51].
Keeping that in view, both the agile management and project complexity had a medium
impact. While leadership competencies and project complexity had a large effect on their
respective dependent variables. (See Table 12).

Mediation analysis. A mediatory variable of the study is known to add an explanation or
justify the effect of an exogenous variable over an endogenous variable. The current study took
project complexity as a mediator to explain the effect of agile management over the project
performance. SmartPLS explains the mediation in terms of Indirect Effects and its respective
significance [66, 67]. Keeping, that in view the hypothesized mediation was approved (See
Table 13). Thus, accepting the following hypothesis:

Moderation analysis. A moderating variable of the study is known to control the magni-
tude of the effect of an exogenous variable over an endogenous variable. This effect can be
tilted either positively or negatively in presence of a moderator. The current study took leader-
ship competencies as a moderator to control the effect of project complexity over the project
performance. SmartPLS explains the moderation in terms of inducing a product indicator

Table 6. Heterotrait-monotrait ratio (HTMT).

Agile Management Leadership Competencies Project Complexity Project Performance
Agile Management
Leadership Competencies 0.744
Project Complexity 0.744 0.644
Project Performance 0.815 0.826 0.587

https://doi.org/10.1371/journal.pone.0249311.t006
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Table 7. VIF.

Indicator VIF

AM1 2.897
AM2 2.306
AM3 2.692
AM4 2.074
AM5 2.128
AM6 2.033
AM7 1.892
AMS 2.332
AM9 2.062
AM10 1.606
AM11 1.632
AM12 1.932
AM13 1.743
AM14 2.040
AM15 1.666
AM16 1.881
AM17 1.970
AM18 2.037
AM19 2.050
AM20 2.088
LC1 2.567
LC2 2.717
LC3 2.153
LC4 2.381
LG5 1.737
LCeé 1.781
LC7 1.866
LC8 1.972
LC9 2.107
LC10 2.041
PC1 1.602
PC2 1.407
PC3 1.755
PC4 1.538
PC5 1.763
PC6 1.841
PC7 2.000
PC8 1.995
PC9 2.299
PC10 2.085
PC11 2.204
PC12 1.898
PP1 1.920
PP2 2.046
PP3 2.051
PP4 2.032
PP5 2.254
PP6 2.492

AM: Agile Management, LC: Leadership Competencies, PC: Project Complexity, PP: Project Performance.

https://doi.org/10.1371/journal.pone.0249311.1007

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311

April 5, 2021

14/24


https://doi.org/10.1371/journal.pone.0249311.t007
https://doi.org/10.1371/journal.pone.0249311

PLOS ONE Impact of agile management on project performance

Table 8. Factor loadings.

Agile Manag, t Leadership Competencies Project Complexity Project Performance
AM1 0.782
AM2 0.714
AM3 0.750
AM4 0.796
AM5 0.777
AM6 0.775
AM7 0.762
AMS8 0.763
AM9 0.770
AM10 0.716
AM11 0.721
AM12 0.730
AM13 0.668
AM14 0.778
AM15 0.797
AM16 0.718
AM17 0.748
AM18 0.748
AM19 0.770
AM20 0.756
LC1 0.753
LC2 0.808
LC3 0.735
LC4 0.778
LC5 0.759
LCé 0.717
LC7 0.734
LC8 0.703
LC9 0.797
LC10 0.736
PC1 0.728
PC2 0.575
PC3 0.759
PC4 0.590
PC5 0.725
PC6 0.736
PC7 0.797
PC8 0.750
PC9 0.771
PC10 0.648
PC11 0.632
PC12 0.787
PP1 0.762
PP2 0.792
PP3 0.806
PP4 0.807
PP5 0.819
PP6 0.843

AM: Agile Management, LC: Leadership Competencies, PC: Project Complexity, PP: Project Performance.
https:/doi.org/10.1371/journal.pone.0249311.t008
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Table 9. Factor loadings.

Agile Management Leadership Competencies Project Complexity Project Performance
AM1 0.781
AM2 0.727
AM3 0.753
AM4 0.798
AM5 0.782
AM6 0.781
AM7 0.765
AMS 0.765
AM9 0.769
AM10 0.715
AM11 0.713
AM12 0.718
AM14 0.771
AM15 0.792
AM16 0.726
AM17 0.751
AM18 0.753
AM19 0.777
AM20 0.760
LC1 0.753
LC2 0.808
LC3 0.735
LC4 0.778
LC5 0.659
LC6 0.717
LC7 0.734
LC8 0.703
LC9 0.797
LC10 0.736
PC1 0.704
PC3 0.729
PC5 0.718
PCé6 0.752
PC7 0.732
PC8 0.790
PC9 0.710
PC10 0.767
PC11 0.782
PC12 0.721
PP1 0.762
PP2 0.792
PP3 0.806
PP4 0.807
PP5 0.819
PP6 0.843

AM: Agile Management, LC: Leadership Competencies, PC: Project Complexity, PP: Project Performance.

https://doi.org/10.1371/journal.pone.0249311.t009
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Table 10. Path coefficients.

Original Sample (O) Sample Mean (M) T Statistics (|O/STDEV]) P Values
Agile Management > Project Performance 0.460 0.465 5.848 0.000
Agile Management > Project Complexity -0.703 -0.714 19.007 0.000
Leadership Competencies > Project Performance 0.664 0.669 13.639 0.000
Project Complexity > Project Performance -0.149 -0.149 2.283 0.023

https://doi.org/10.1371/journal.pone.0249311.t010

term in the structural model and its respective significance [68]. Keeping, that in view the
hypothesized moderation was approved (See Table 14). Thus, accepting the following
hypothesis:

Results summary. The proposed hypotheses for the current study were accepted while
considering their significance. The respective summary is depicted in the following Table 15.

Discussion

To begin with, the first research hypothesis stated, “Are the agile management practices a sig-
nificant predictor of project performance?”. Keeping that in view, the current study depicted a
significantly positive influence of implementing agile management practices onto the overall
performance of the projects undertaken. This suggests, that resolving a project into smaller
functional proportions and responding timely is a commendable approach to enhance the per-
formance of the undertaken projects.

Furthermore, the statistical findings in accordance with the dimensions of the agile man-
agement the significance of the relationship emphasized that an organization must undertake
only the projects that it is competent enough to accomplish. Moreover, for a project that is
undertaken, must be resolved down to work units that can be matched with the competency
level of the employed individual. This would enable them to achieve the targeted goals with
fewer hurdles faced along the process. Similar results were concluded by Alvarenga, Branco
[33] in their study conducted on 257 project managers; each having an extensive experience of
over 10 years. As it was indicated that it is the competency associated to the employed individ-
uals in an organization that assures the efficient and effective execution of organizational task
and result in accomplishment of the undertaken projects. Followed to which, agile manage-
ment commends the adaption of flexibility in the project development process that allows the
project team to incorporate the changes more easily than the traditional implementation of the
projects. Similarly, the loss incurred during the development process is relatively less. Since
the failure is often observed in one or a few modules at a time, which doesn’t affect the rest of
the development process in any way. Most importantly, agile management is most responsible
for responding quickly to the areas of projects that demand prioritized completion or technical
handling. The respective findings were found in alignment to the study conducted by Serrador
and Pinto [5] on 1002 projects deployed across various nations, that depicted a similar notion
of a positive impact of implementing agile management to attain enhanced organizational out-
comes. In another mixed-mode study conducted by Drury-Grogan [69] on various teams

Table 11. Coefficient of determination ().

R Square R Square Adjusted
Project Complexity 0.494 0.491
Project Performance 0.582 0.577

https://doi.org/10.1371/journal.pone.0249311.t011
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Table 12. Effect size (f).

Agile Management Leadership Competencies Project Complexity Project Performance
Agile Management 0.975 0.250
Leadership Competencies 0.673
Project Complexity 0.034

Project Performance

https://doi.org/10.1371/journal.pone.0249311.1012

utilizing agile tools in the I.T sector as well suggested that application of the referred tools
resulted in enhancing the success associated with the regarding projects.

The second research hypothesis stated, “Are the agile management practices a significant
predictor of project-related complexities?” Keeping that in view, the current study depicted a
significantly negative influence of implementing agile management on the project complexity.
This suggests that the implementation of agile management enabled the regarding project
managers to be able to effectively foresee the undertaken projects to a greater extent by adapt-
ing agile management practices than they would otherwise have had by adapting traditional
management practices. The respective findings were found in alignment with the study con-
ducted by Sohi, Hertogh [9] on 67 projects of complex nature, depicted that in a hybrid system
with agile management practices coupled with traditional management approach was able to
mitigate the magnitude of complexity faced by the regarding firms. In another subjective study
conducted by Maylor and Turner [7] projected deduction being based upon 43 workshops
and the opinion of 1100 managers. The results suggested an agile management approach as
possibly the most effective approach to diminish the project complexity to commendable lev-
els. Akin to which, in an extensive literature review conducted by Bergmann and Karwowski
[70] also concluded the similar findings that adaptation of agile management is very effective
in terms of mitigating the project related complexities and a accomplishing project outcomes.

The third research hypothesis stated, “Is the project complexity a significant predictor of
project performance?” Keeping that in view, the current study depicted a significantly negative
influence of project complexity on the overall performance of the projects. This suggests that
the uncertainties faced by the project manager may hinder the accomplishment of the project.
This would further possibly result in causing unnecessary delays, financial losses, overused
employee efforts, working environment with moral, quality compromises, and unsatisfied cli-
ents. The respective findings were found in alignment with the study conducted by Floricel,
Michela [71] on 81 projects deployed 5 across continents, depicted the possible negative
impact of complexities on the overall performance of the organizations; that may be faced at
each step of the development process. In another hybrid study conducted by Zhu and Mosta-
favi [8] on various senior project managers employed in the construction sector as well opin-
ionated that complexities associated with organizations can deter the performance observed
across their respective projects. Likewise, Luo, He [72] compile the opinion of 245 project
managers that expressed the fact that project complexity can jeopardize the accomplishment
of desired organizational outcomes. Therefore, their mitigation is a necessity for an organiza-
tion to thrive.

Table 13. Mediation analysis.

Original Sample (O) |Standard Deviation (STDEV) | T Statistics (JO/STDEV|) |P Values
Agile Management > Project Complexity > Project Performance 0.104 | 0.049 2.144 0.032

https://doi.org/10.1371/journal.pone.0249311.t1013
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Table 14. Moderation analysis.

Original Sample (O) Standard Deviation (STDEV) T Statistics (JO/STDEV]) P Values
Moderating Effect > Project Performance 0.105 | 0.049 2.119 0.034

https://doi.org/10.1371/journal.pone.0249311.t1014

The fourth research hypothesis stated, “Are leadership competencies a significant predictor
of project performance?” Keeping that in view, the current study depicted a significant rela-
tionship between leadership competencies and project performance. This suggests that effec-
tive leadership can play a pivotal role in enabling an organization to attain the desired
performance targets associated to its respective project. The respective findings were found in
alignment to the study conducted by Ahmed and Anantatmula [34] on 286 project managers
serving various construction firms in Pakistan, suggested leadership competencies be an effec-
tive measure to enhance the performance of the projects it is utilized onto. In another hybrid
study conducted by Berssaneti and Carvalho [73] on 336 project managers deployed across
various Brazilian firms opinionated that effective supervision and managerial support can
prove itself to be a potential factor in enabling a firm to deliver desired outcomes.

The fifth research hypothesis stated, “Does the project complexity mediate the relationship
between agile management practices and project performance?” Keeping that in view, the cur-
rent study depicted a significant relationship between agile management and project perfor-
mance while considering leadership competencies as a moderator. This suggests that effective
implementation of agile management practices in a project can prove themselves to be effec-
tive in elevating project performance. Though the magnitude of complexity associated with
the project can explain the possible decline observed in project performance; regardless of the
management practices being observed. Though the observed decline can be minimized to a
laudable extent through the utilization of agile management practices. The respective findings
were found in alignment with an in-depth correlational study conducted by Sohi, Hertogh [9]
on 67 project managers supervising various projects. The results suggested that inducing agile
management practices within any compatible system can enable an organization to manage
through its professional challenges which can possibly lead an organization to perform better.

The sixth research hypothesis stated, “Do the leadership competencies moderate the rela-
tionship between agile management practices and project performance?” Keeping that in view,
the current study depicted a significant relationship between project complexity and project
performance while considering leadership competencies as a moderator. Which suggests that
effective implication of human factor in terms of leadership competencies can play a vital role
in mitigating the hindrances faced during the project development process and can further

Table 15. Results summary.

Index | Hypothesis Result

H1 Agile management practices will significantly impact the project performance, in a positive Accepted
manner.

H2 Agile management practices will significantly impact the project complexity, in a negative Accepted
manner.

H3 Project complexity will significantly impact project performance, in a negative manner. Accepted

H4 Leadership competencies will significantly impact the project performance, in a positive manner. | Accepted

H5 Project complexity will significantly mediate the relationship between agile management Accepted
practices and project performance.

Hé Leadership competencies will significantly moderate the relationship between agile management | Accepted
practices and project performance.

https://doi.org/10.1371/journal.pone.0249311.1015
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result in enhanced performance. On the contrary, the absence of required leadership compe-
tencies can result in augmentation of adversities that may lead to a decline in the project per-
formance. The respective findings were found in alignment to a mixed-mode study conducted
by Aurélio de Oliveira, Veriano Oliveira Dalla Valentina [74] on 32 highly skilled and influen-
tial project managers in the field of R&D; who have served various forms globally. The correla-
tional study depicted a possibly potential impact of an appropriate leadership approach to
resolve organizational situations and deliver targeted performance.

Conclusion

Considering the hypothetical contemplations of the current study, various deductions have
been made. To begin with, the implementation of agile management practices in the Pakistani
LT industry proves itself to be effective in terms of enhancing the overall performance of the
undertaken projects. Thus, ensuring the sustainability of organizations in the industry. More-
over, it was observed that agile management practices enabled its utilizers to cope up with the
complexities, by breaking down tasks into smaller work units and implementing the supervi-
sion on a horizontal scale rather than top-down. This approach not only made managing tasks
effectively and efficiently but also made the decision making swift. Though it was observed
that the organizations that weren’t able to take on the implementation of agile management
practices on a full scale, faced complexities in various organizational terms, that would lead to
declined performance. In addition to the mitigation of complexities through the implementa-
tion of agile management practices, it was the effective consideration of human factors in
terms of leadership competencies that extended the reduction of organizational complexities
and upscaled the magnitude of performance delivered.

The current study offers a pathway to understanding the application of agile management
practices in the IT sector. Though it faces various shortcomings in both contextual and con-
ceptual manner, which can further serve as a pathway to future researchers and professionals
to look into and extend the knowledge pool.

In conceptual terms, the current study only took into account one mediatory variable i.e.,
project complexity to explain the implications of agile management onto the project perfor-
mance. Akin to which, only one moderating variable was considered to evaluate the variability
in the magnitude of project performance. Both of these are not enough of a consideration to
depict the full potential of application of agile management practices in determining the proj-
ect performance. Referred to which, it is commended for the future researchers and profes-
sionals to look into considering other variables that can explain the phenomena of agile
management to variate the magnitude of project performance delivered. In alignment to
which, it will also be interesting to see the implementation of agile management to enhance
the organizational accomplishments such as, attaining competitive advantage, innovation,
industrial sustainability, and more.

In contextual terms, the current study has targeted the IT sector of Pakistan; a developing
nation. Since other industries as well are realizing the necessity of agile management and
embracing its practices, it will be interesting to see the application of similar study in other
developing nations, as well as other industrial sectors.

Supporting information

S1 Appendix.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311  April 5, 2021 20/24


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249311.s001
https://doi.org/10.1371/journal.pone.0249311

PLOS ONE

Impact of agile management on project performance

S1 Dataset.
(CSV)

Author Contributions

Conceptualization: Umer Muhammad, Ahsen Magsoom.

Data curation: Umer Muhammad, Najam Muhammad, Ahsen Magsoom, Khuram Shafi.
Formal analysis: Umer Muhammad, Khuram Shafi.

Investigation: Umer Muhammad, Khuram Shafi.

Methodology: Umer Muhammad, Najam Muhammad, Ahsen Maqsoom.

Project administration: Umer Muhammad, Tahira Nazir, Najam Muhammad, Ahsen Magq-
soom, Samina Nawab, Syeda Tamkeen Fatima, Khuram Shafi.

Resources: Umer Muhammad, Samina Nawab, Syeda Tamkeen Fatima, Faisal Shafique Butt.
Software: Umer Muhammad, Faisal Shafique Butt.
Supervision: Tahira Nazir, Ahsen Maqsoom, Samina Nawab, Faisal Shafique Butt.

Validation: Umer Muhammad, Samina Nawab, Syeda Tamkeen Fatima, Khuram Shafi, Faisal
Shafique Butt.

Visualization: Umer Muhammad.
Writing - original draft: Umer Muhammad, Najam Muhammad.

Writing - review & editing: Umer Muhammad, Tahira Nazir, Syeda Tamkeen Fatima, Faisal
Shafique Butt.

References

1. Gligor DM, Esmark CL, Holcomb MC. Performance outcomes of supply chain agility: when should you
be agile? Journal of Operations Management. 2015; 33:71-82.

2. Kerzner H, Kerzner HR. Project management: a systems approach to planning, scheduling, and control-
ling: John Wiley & Sons; 2017.

3. Langley MA. Success Rates Rise: Transforming the high cost of low performance. In: PMI, editor. Pulse
of the Profession2017. p. 32.

4. Ambler SW. 2018 IT Project Success Rates Survey Results. Ambysoft, 2018.

Serrador P, Pinto JK. Does Agile work?—A quantitative analysis of agile project success. International
Journal of Project Management. 2015; 33(5):1040-51.

6. van Oorschot KE, Sengupta K, Van Wassenhove LN. Under pressure: The effects of iteration lengths
on Agile software development performance. Project Management Journal. 2018; 49(6):78—102.

7. Maylor H, Turner N. Understand, reduce, respond: project complexity management theory and practice.
International Journal of Operations & Production Management. 2017; 37(8):1076-93.

8. ZhuJ, Mostafavi A. Discovering complexity and emergent properties in project systems: A new
approach to understanding project performance. International Journal of Project Management. 2017;
35(1):1-12.

9. Sohi AJ, Hertogh M, Bosch-Rekveldt M, Blom R. Does lean & agile project management help coping
with project complexity? Procedia-Social and Behavioral Sciences. 2016; 226:252-9.

10. Denning S. How to make the whole organization “Agile”. Strategy & Leadership. 2016; 44(4):10-7.

11.  Almatrooshi B, Singh SK, Farouk S. Determinants of organizational performance: a proposed frame-
work. International Journal of Productivity and Performance Management. 2016; 65(6):844—59.

12. Northouse PG. Leadership: Theory and practice: Sage publications; 2018.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311  April 5, 2021 21/24


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249311.s002
https://doi.org/10.1371/journal.pone.0249311

PLOS ONE

Impact of agile management on project performance

13.

14.
15.
16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

Mathieu JE, Kukenberger MR, D’'innocenzo L, Reilly G. Modeling reciprocal team cohesion—perfor-
mance relationships, as impacted by shared leadership and members’ competence. Journal of Applied
Psychology. 2015; 100(3):713. https://doi.org/10.1037/20038898 PMID: 25751749

Denning S. How major corporations are making sense of Agile. Strategy & Leadership. 2018.
Denning S. Succeeding in an increasingly Agile world. Strategy & Leadership. 2018.

Levy R, Short M, Measey P, editors. Agile Foundations: Principles, practices and frameworks2015:
BCS.

Siddhartha, Sachan A. Review of agile supply chain implementation frameworks. International Journal
of Business Performance and Supply Chain Modelling. 2016; 8(1):27—45.

Abrahamsson P, Salo O, Ronkainen J, Warsta J. Agile software development methods: Review and
analysis. 2017.

Marcus Ries DS. Agile Project Management, A Complete Beginner’s Guide To Agile Project Manage-
ment: Ries Publications, New York; 2016.

Turk D, France R, Rumpe B. Limitations of agile software processes. Third International Conference on
Extreme Programming and Flexible Processes in Software Engineering. 2014:43-6.

Kerzner H. Project management: a systems approach to planning, scheduling, and controlling: John
Wiley & Sons; 2017.

Uludag O, Kleehaus M, Caprano C, Matthes F, editors. Identifying and structuring challenges in large-
scale agile development based on a structured literature review. 2018 IEEE 22nd International Enter-
prise Distributed Object Computing Conference (EDOC); 2018: IEEE.

Hobbs B, Petit Y. Agile methods on large projects in large organizations. Project Management Journal.
2017; 48(3):3—-19.

Schuh G, Rebentisch E, Riesener M, Mattern C, Fey P. Method for the Evaluation and Adaptation of
New Product Development Project Complexity. Procedia CIRP. 2017; 60:338—43.

Tendrio N, Pinto D, Vidotti AF, de Oliveira MS, Urbano GC, Bortolozzi F. Tool Based on Knowledge
Management Process: An Interview Protocol to Gather Functional Requirements from Software Indus-
try Experts. MATTER: International Journal of Science and Technology. 2017; 3(1).

Rafeek MA, Arbain AF, Sudarmilah E. Risk mitigation techniques in agile development processes. Int J
Supply Chain Manag. 2019; 8(2):1123-9.

Maylor H, Turner N. Understand, reduce, respond: project complexity management theory and practice.
International Journal of Operations & Production Management. 2017.

Morcov S, Pintelon L, Kusters RJ. Definitions, characteristics and measures of IT project complexity-a
systematic literature review. International Journal of Information Systems and Project Management.
2020.

Abbasi A, Jaafari A. Evolution of Project Management Research and Industry-focused Innovations. The
Journal of Modern Project Management. 2018; 6(1).

Andriukaitiené R, Voronkova V, Kyvliuk O, Maksimenyuk M, Sakun A. Theoretical insights into expres-
sion of leadership competencies in the process of management. Problems and Perspectives in Man-
agement. 2017( 15, Iss. 1 (cont.)):220-6.

Larson EW, Gray CF, editors. A Guide to the Project Management Body of Knowledge: PMBOK (®)
Guide2015: Project Management Institute.

Magbool R, Sudong Y, Manzoor N, Rashid Y. The impact of emotional intelligence, project managers’
competencies, and transformational leadership on project success: An empirical perspective. Project
Management Journal. 2017; 48(3):58-75.

Alvarenga JC, Branco RR, Guedes ALA, Soares CAP, e Silva WdS. The project manager core compe-
tencies to project success. International Journal of Managing Projects in Business. 2019.

Ahmed R, Anantatmula VS. Empirical Study of Project Managers Leadership Competence and Project
Performance. Engineering Management Journal. 2017; 29(3):189-205.

Hassan MM, Bashir S, Abbas SM. The impact of project managers’ personality on project success in
NGOs: The mediating role of transformational leadership. Project Management Journal. 2017; 48
(2):74-87.

Zuo J, Zhao X, Nguyen QBM, Ma T, Gao S. Soft skills of construction project management profession-
als and project success factors. Engineering, Construction and Architectural Management. 2018.

Gunter RC. Emotional Intelligence and Its Relationship to Project Manager Leadership Competencies
and Project Success: Saint Leo University; 2020.

Association PSH. P@SHA IT Industry Report 2017. Report. 2017 Contract No.: 1.
Neuman WL. Understanding research: Pearson; 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311  April 5, 2021 22/24


https://doi.org/10.1037/a0038898
http://www.ncbi.nlm.nih.gov/pubmed/25751749
https://doi.org/10.1371/journal.pone.0249311

PLOS ONE

Impact of agile management on project performance

40.

41.

42,

43.

44,

45.

46.

47.
48.

49.

50.
51.
52.
53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Lane SP, Hennes EP. Power struggles: Estimating sample size for multilevel relationships research.
Journal of Social and Personal Relationships. 2018; 35(1):7-31.

Hox JJ, Moerbeek M, van de Schoot R. Multilevel analysis: Techniques and applications: Routledge;
2017.

Zhang Z, Sharifi H. A methodology for achieving agility in manufacturing organisations. International
Journal of Operations & Production Management. 2000; 20(4):496-513.

Chung-Herrera BG, Enz CA, Lankau MJ. A competencies model: Grooming future hospitality leaders.
Cornell Hotel and Restaurant Administration Quarterly. 2003; 44(3):17-25.

Xia W, Lee G. Complexity of information systems development projects: conceptualization and mea-
surement development. Journal of Management Information Systems. 2005; 22(1):45-83.

Yusuf YY, Sarhadi M, Gunasekaran A. Agile manufacturing:: The drivers, concepts and attributes. Inter-
national Journal of Production Economics. 1999; 62(1-2):33-43.

Awang Z, Afthanorhan A, Mamat M. The Likert scale analysis using parametric based Structural Equa-
tion Modeling (SEM). Computational Methods in Social Sciences. 2016; 4(1):13.

Heeringa SG, West BT, Berglund PA. Applied survey data analysis: Chapman and Hall/CRC; 2017.

Wong KK-K. Partial least squares structural equation modeling (PLS-SEM) techniques using
SmartPLS. Marketing Bulletin. 2013; 24(1):1-32.

Hair JF, Ringle CM, Sarstedt M. PLS-SEM: Indeed a silver bullet. Journal of Marketing theory and Prac-
tice. 2011; 19(2):139-52.

Ringle CM, Da Silva D, Bido DdS. Structural equation modeling with the SmartPLS. 2015.

Ringle C, Wende S, Becker J. SmartPLS—Statistical Software For Structural Equation Modeling. 2017.
Bowen NK, Guo S. Structural equation modeling: Oxford University Press; 2011.

Klem L. Structural equation modeling. 2000.

Ulliman JB, Bentler PM. Structural equation modeling. Handbook of Psychology, Second Edition. 2012;
2.

Byrne BM. Structural equation modeling with AMOS: Basic concepts, applications, and programming:
Routledge; 2016.

Gliem JA, Gliem RR, editors. Calculating, interpreting, and reporting Cronbach’s alpha reliability coeffi-
cient for Likert-type scales2003: Midwest Research-to-Practice Conference in Adult, Continuing, and
Community Education.

Cable DM, DeRue DS. The convergent and discriminant validity of subjective fit perceptions. Journal of
Applied Psychology. 2002; 87(5):875. https://doi.org/10.1037/0021-9010.87.5.875 PMID: 12395812

Campbell DT, Fiske DW. Convergent and discriminant validation by the multitrait-multimethod matrix.
Psychological Bulletin. 1959; 56(2):81. PMID: 13634291

Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measure-
ment error. Journal of marketing research. 1981:39-50.

Ab Hamid M, Sami W, Sidek MM, editors. Discriminant Validity Assessment: Use of Fornell & Larcker
criterion versus HTMT Criterion. Journal of Physics: Conference Series; 2017: IOP Publishing.

Afthanorhan A. A comparison of partial least square structural equation modeling (PLS-SEM) and
covariance based structural equation modeling (CB-SEM) for confirmatory factor analysis. International
Journal of Engineering Science and Innovative Technology. 2013; 2(5):198-205.

Shevlin M, Miles JN. Effects of sample size, model specification and factor loadings on the GFI in confir-
matory factor analysis. Personality and Individual differences. 1998; 25(1):85-90.

Hair JF, Black WC, Babin BJ, Anderson RE, Tatham RL. Multivariate data analysis: Prentice hall Upper
Saddle River, NJ; 1998.

Hair Jr JF, Hult GTM, Ringle C, Sarstedt M. A primer on partial least squares structural equation model-
ing (PLS-SEM): Sage Publications; 2016.

Di Bucchianico A. Coefficient of determination (R2). Encyclopedia of Statistics in Quality and Reliability.
2008.

Preacher KJ, Hayes AF. Assessing mediation in communication research. The Sage sourcebook of
advanced data analysis methods for communication research. 2008:13-54.

Wong KK-K. Mediation analysis, categorical moderation analysis, and higher-order constructs modeling
in Partial Least Squares Structural Equation Modeling (PLS-SEM): A B2B Example using SmartPLS.
Marketing Bulletin. 2016; 26.

Bae B. Analyses of moderating and mediating effects with SPSS/Amos/LISREL/SmartPLS. Seoul:
Chungram Publishing. 2015.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311  April 5, 2021 23/24


https://doi.org/10.1037/0021-9010.87.5.875
http://www.ncbi.nlm.nih.gov/pubmed/12395812
http://www.ncbi.nlm.nih.gov/pubmed/13634291
https://doi.org/10.1371/journal.pone.0249311

PLOS ONE

Impact of agile management on project performance

69.

70.

71.

72.

73.

74.

Drury-Grogan ML. Performance on agile teams: Relating iteration objectives and critical decisions to
project management success factors. Information and Software Technology. 2014; 56(5):506—15.

Bergmann T, Karwowski W, editors. Agile project management and project success: A literature review.
International Conference on Applied Human Factors and Ergonomics; 2018: Springer.

Floricel S, Michela JL, Piperca S. Complexity, uncertainty-reduction strategies, and project perfor-
mance. International Journal of Project Management. 2016; 34(7):1360-83.

LuoL, He Q, Xie J, Yang D, Wu G. Investigating the relationship between project complexity and suc-
cess in complex construction projects. Journal of Management in Engineering. 2017; 33(2):04016036.

Berssaneti FT, Carvalho MM. Identification of variables that impact project success in Brazilian compa-
nies. International Journal of Project Management. 2015; 33(3):638—49.

Aurélio de Oliveira M, Veriano Oliveira Dalla Valentina L, Possamai O. Forecasting project performance
considering the influence of leadership style on organizational agility. International Journal of Productiv-
ity and Performance Management. 2012; 61(6):653-71.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249311  April 5, 2021 24/24


https://doi.org/10.1371/journal.pone.0249311

