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Abstract

Purpose — Earned value management systems (EVMS), also called integrated project and program management
systems, have been greatly examined in the literature, which has typically focused on their technical aspects rather
than social. This study aims to hypothesize that improving both the technical maturity of EVMS and the social
environment elements of EVMS applications together will significantly impact project performance outcomes. For
the first time, empirical evidence supports a strong relationship between EVMS maturity and environment.
Design/methodology/approach —Data was collected from 35 projects through four workshops, attended by
31 industry practitioners with an average of 19 years of EVMS experience. These experts, representing 23
organizations, provided over 2,800 data points on sociotechnical integration and performance outcomes,
covering projects totaling $21.8 billion. Statistical analyses were performed to derive findings on the impact of
technical maturity and social environment on project success.

Findings — The results show statistically significant differences in cost growth, compliance, meeting project
objectives and business drivers and customer satisfaction, between projects with high EVMS maturity and
environment and projects with poor EVMS maturity and environment. Moreover, the technical and social
dimensions were found to be significantly correlated.

Originality/value — Key contributions include a novel and tested performance-driven framework to support
integrated project management using EVMS. The adoption of this detailed assessment framework by
government and industry is driving a paradigm shift in project management of some of the largest and most
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complex projects in the U.S,; specifically transitioning from a project assessment based upon a binary approach
for EVMS technical maturity (i.e. compliant/noncompliant to standards) to a wide-ranging scale (i.e. 0-1,000)
across two dimensions.

Keywords Earned value management (EVM), Earned value management system (EVMS),
EVMS environment, EVMS maturity, Project performance
Paper type Research paper

Introduction
Research on earned value management systems (EVMS) has been explored in both the academic
literature and the industry, providing valuable insights into their effectiveness and application
(Aramali et al, 2021; Aramali et al, 2022a; Kwak and Anbari, 2009). EVMS can be viewed as a socio-
technical system that unifies social and technological components, in line with Fox’s theory (1995)
and indicated by Aramali ef ¢l (2022a) in a recent literature review. The technical dimension, or
EVMS maturity, is based on its conformity to industry standards. The social dimension of EVMS is
reliant on the team’s ability to work together effectively, which is referred to as the EVMS
environment. EVMS maturity is defined as “the degree to which an implemented system,
associated processes, and deliverables serve as the basis for an effective and compliant EVMS”
(Aramali ef al,, 2022a). Higher conformality to standards and guidelinesAshkanani indicates a more
mature EVMS. On the other hand, the EVMS environment is “the conditions (i.e. people, culture,
practices, and resources) that enable or limit the ability to manage the project/program using the
EVMS, serving as a basis for timely and effective decision-making”. EVMS maturity, as seen from
a managerial perspective, demonstrates the organization’s capacity to efficiently plan, carry out
and oversee projects using EVMS. By building up their EVMS environment effectively, they can
make decisions that will benefit their organizations and lead to improved project achievements.
EVMS is “an organization’s management system for project and program management that
integrates a defined set of associated work scopes, schedules and budgets for effective planning,
performance, and management control; it integrates these functions with other business systems
such as accounting and human resources among others” Aramali et al (2022a). Abba (2017)
defined earned value management (EVM) as “the core discipline of integrated program
performance management”, to shed light on the fact that EVIM'’s overarching role is to integrate
management and business systems. For example, during the organizing process, the work
breakdown structure should include the identification of subcontractors, thereby, this process has
to be integrated with the subcontract management process. As such, EVMS is oftentimes viewed
as an integrated project or program management system. Note that both “projects” and
“programs” are considered in this study; however, only the term “project” will be used for brevity.
Government agencies and contractors have often questioned the reliability and
effectiveness of EVMS when executing projects, in terms of its impact on project
performance. To this end, the authors, in partnership with the U.S. department of energy
formed a research team of industry experts representing 19 organizations and developed an
EVMS assessment model called integrated project/program management maturity and
environment total risk rating (IP2M METRR) to support reliable and effective EVMS (Gibson
et al, 2022). IP2M METRR was developed through a series of steps including a
comprehensive literature review, a large industry survey, collaborative meetings and focus
groups with the research team, a dozen workshops and performance data collection. The
model aims to support the effectiveness of EVMS application in an integrated manner by
assessing the EVMS’s two technical and social dimensions: maturity and environment. The
framework assesses the EVMS application in terms of its maturity and environment, and
results in an EVMS maturity score and an EVMS environment score, each on a 1,000-point
scale (with higher being better). Note that the research team chose a score wide range of 0—
1,000 for assessing EVMS maturity and environment as it provides increased differentiation



between scores, compared to other smaller ranges such as 0-100. Further elaboration on how
maturity and environment are measured is provided in the background section.

On one hand, the current traditional use of EVMS in the industry is equivalent to a “one
size fits all” system for projects, often without enough consideration of the unique
characteristics, requirements and needs of each project (Bergerud, 2017; Hanna, 2012;
Andrews et al., 2010). On the other hand, the EVMS standards and guidelines conformity
assessment (ie. compliance assessment) leans towards a binary “Compliant or Non-
Compliant” approach, which is when stakeholders use a checklist to assess the technical
compliance of the system to each EVMS guideline characteristic with a Yes/No question
(Liggett et al, 2017, McNamee et al, 2017). Thus, to address such limitations, the IP2M
METRR model in this study gives the flexibility of assessing only the applicable
characteristics of the EVMS in the projects. This means allowing EVMS to be tailored
based on the project’s specific context and needs. Also, the model is tested on completed
projects by maturity assessment on a 5-level scale against each of the 56 identified maturity
attributes, resulting in an EVMS maturity rating score over 1,000 points, along with
associated gaps and areas for improvement, in contrast to the “Y/N” approach. Moreover, a
new assessment layer is added which is the assessment of the social environment
surrounding EVMS, enhancing the integrated project and program management in a novel
way; a major contribution to the EVMS body of knowledge that has existed since the 1960s.

The EVMS framework’s building blocks are rooted in literature sources and primary studies
supporting the different components. To position contractors for success, compliance
assessment instruments should be clearly defined and defendable (DOE, 2018; Kester et al,
2015), which leads to clarity and consistency. Additionally, as the use of data-driven compliance
metrics continues to grow (McNamee et al, 2017; Wu and Liang, 2015; Djali et al, 2010), there
was a need to define and quantify the characteristics of EVMS maturity level and the degree of
accuracy with its outputs. In a similar line, efforts by organizations such as the construction
industry institute have led to assessment instruments like front-end engineering design
maturity and accuracy total rating system (Yussef ef al, 2019), as well as project definition
rating index (Gibson et al, 2019). With these tools proven to be highly effective and supported
by empirical evidence in the realm of project planning, it was possible to develop components
that assess compliance with guidelines while determining the EVMS maturity level and that
assess the accuracy of its outputs. These outputs are well-documented in the literature. EVMS
integrates project schedule and cost and particularly influences and helps control the cost and
schedule growth along with an early detection indicator of cost efficiency, called cost
performance index (CPI) (Kim and Pinto, 2019; Yussef ef al, 2019). It also aids in managing
project changes, ensuring decisions align with project goals (Tariq et al, 2020). Furthermore, it
aligns the project with business objectives (Kwak and Anbari, 2012), enhances customer
satisfaction through transparency and accountability (Kim et al, 2003), and promotes proactive
management, important in risk mitigation (Christensen and Heise, 1993). All of these outputs,
treated as variables in this study along with compliance to standards and guidelines, were not
only referenced in the literature but also validated by the research team, who has extensive
EVMS expertise and acknowledges their significance for project success.

Problem statement and hypothesis formulation

Budget and schedule overruns on numerous large federal projects have decreased client satisfaction
and have often failed to achieve business objectives on time (e.g. GAQ, 2023). Some project teams
struggle to implement an EVMS that is compliant with industry standards, leading to unreliable
EVMS, cost growth and schedule slippage (Chirinos, 2015; GAO, 2012). Additionally, to properly
apply effective EVMS technical processes (e.g. planning and scheduling, budgeting, subcontract
management, etc.), qualified project management specialists are required due to the growing
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complexity of projects and increased competition (Sharma and Kirtani, 2021). Data-driven and
evidence-based decision-making must be better understood to appropriately control project costs
and schedules as opposed to narratives (Carney, 2023; DOE, 2022). Furthermore, the effective
application of management systems is suggested to positively impact project performance, thereby
increasing the probability of successfully achieving the project objectives (Ashkanani and Franzoi,
2022; Kagioglou et al, 2001). In summary, industry and academic sources from the literature suggest
that combined efforts from following guidelines and standards, and improving the personnel's
knowledge and team culture, greatly support projects. Hence, it is imperative to prioritize the
improvement of integrated project management approaches, specifically by elevating the
effectiveness of EVMS and considering both its technical and social aspects. Stratton (2006)
states that the technical maturity of EVMS implementation is dependent on critical attributes or
criteria derived from industry guidelines. In another study, Aramali ef al (2022b) highlighted critical
factors that form the social environment and impact project success. However, empirical evidence is
lacking in studying the relationship between maturity and environment of EVMS and their
interdependent impact on project performance. This leads to the general question of whether
improving both EVMS maturity and environment within integrated project management
accomplishes better project outcomes. The objective of this paper is to empirically investigate the
mpact of EVMS on project performance when it is implemented as a sociotechnical system,
acknowledging that performance is shaped by both the technical and social conditions around it
(Ropohl, 1999). Specifically, the authors aim to test the hypothesis that “effective implementation of
EVMS considering maturity (technical conditions) and environment (social conditions) elements will
result in significantly improved project performance outcomes". This hypothesis has not been
tested before, and is not only formulated based on the literature, but also strengthened by the
experience of a large research team representing both government and industry. To address this,
the authors hosted workshops with expert practitioners to collect performance data from 35
completed projects and conduct an IP2ZM METRR assessment on each of them. The data were then
statistically analyzed to test the hypothesis.

This study’s contributions to the body of knowledge include providing researchers and
practitioners with methods to improve their integrated management efforts using EVMS, with a
better understanding of how to achieve better project outcomes supported by empirical evidence.
A key contribution is the paradigm shift from the traditional use of EVMS as a “one size fits all”
binary approach of EVMS compliance with guidelines, to a rating scale of 0-1,000 across two
interdependent dimensions (EVIMS maturity and environment) supported by performance. Another
contribution is providing practitioners with a benchmarking system to understand where their
projects stand in terms of EVMS scores compared to the identified thresholds. This allows them to
make more informed decisions in the areas of technical and social strengths and risks, to improve
their EVMS and project performance. Such contributions do not exist in prior one-dimensional
approaches (whether technical or social alone). The rest of the paper provides additional research
background, and discusses existing literature and gaps, and details the methodology of this study.
Then, the IP2M METRR scores and performance data are analyzed and interpreted, and the paper
concludes with its research contributions as well as practical recommendations.

Background

The maturity component of the IP2M METRR consists of 10 subprocesses divided into 56
attributes referencing major EVMS guidelines (e.g. the 32 Electronic Industries Alliance (EIA) 748
guidelines (NDIA, 2018), PMI (2019), ISO (2018)). The list of the subprocesses and attributes is
provided in Supplementary_Material_Appendix_1. An attribute is a core characteristic or quality
that is essential to fielding an effective EVMS. Each maturity attribute has a description and is
evaluated on a 1 to 5 graduated maturity scale in terms of compliance and “N/A”: “1” means that
work on this attribute has not yet started; while “5” means the attribute is best in class. Level “4” is



a maturity level where the attribute is compliant with requirements from EVMS standards and
guidelines. “N/A” means the attribute is not applicable. As such, the IP2M METRR, allows the
removal of any of the 56 attributes that do not apply to the project, therefore tailoring the EVMS.
For example, if the project does not involve subcontractors, the attribute related to the prime
contractor’s EVMS flow-down requirements will not be applicable and will not be considered
when assessing the maturity. In this case, the attribute will receive a “N/A”. Looking at an anchor
project, the maturity level associated with each attribute that corresponds to a certain maturity
score, is first chosen. The determination of the level is based on reading the detailed narrative
description provided in the IP2M METRR framework for each attribute level. Different attribute
scores in the [IP2M METRR are assigned in accordance with the relative importance of each
attribute. Then, an overall EVMS maturity score, which is the sum of the individual attribute
scores, is achieved by completing the EVMS maturity assessment for all attributes. A greater
score denotes a better level of maturity, and this value has a maximum possible of 1,000 points.

The environment component consists of four categories divided into 27 factors (Gibson et al,
2022). The list of the categories and factors are provided in Supplementary_Material _Appendix_
1. Similarly, each environment factor is evaluated on a scale ranging from Not Acceptable to Needs
Improvement, Meets Some, Meets Most, and finally High Performing, with each corresponding to
afactor score. Individual factor scores sum up to a 1,000-point scale each, with higher scores being
better. Using data collected from evaluating 35 completed projects, a preceding analysis was done
to identify thresholds for the scores, separately. The results identified 550 as the threshold
separating low maturity projects from high maturity and 800 as the threshold separating poor
environment from good environment in addition to project performance implications (Aramali
et al, 2022b, c). Preliminary research findings showed promising results in understanding the
influence of EVMS maturity attributes alone, and environment factors alone, on project
performance (Aramali ef al,, 2022b, c). These initial findings motivated the authors to study the
interdependent effects of both dimensions and examine their correlation.

Literature review

This section introduces the theoretical framework adopted for this study, namely the sociotechnical
systems concept, which is explained in terms of its uses and how it relates to EVMS and project
performance. It also emphasizes the role of integrated project management in the context of this
theoretical framework and summarizes the identified research gaps based on the literature.

Sociotechnical systems

A socio-technical system is a notion created at the end of the 1950s in London in labor studies
to find means to help humans adapt to the organizational and technical framework of
production (Emery and Trist, 1960). Sociotechnical systems were designed to accommodate
the issues of the industry’s working conditions by shaping the technical and social conditions
such that efficiency and humanity do not contradict (Ropohl, 1999). They encourage bottom-
up participation, team autonomy and self-regulation (Geels, 2004).

The use of socio-technical systems is spreading to different disciplines and is no longer
restricted to labor and manufacturing organizations. In complex engineering development
programs, a sociotechnical system was used to develop a framework that identified the
fundamental elements of engineering programs (products, processes, organizations and people) as
well as the drivers of program performance (deWeck and Rebentisch, 2016). Framing complex
engineering development programs as socio-technical systems helps control for design,
engineering, testing, fielding and maintenance of complex engineering programs (deWeck and
Rebentisch, 2016). Amongst the recent sociotechnical systems is the integrated mechanism in
designing the sustainable implementation of the fourth industrial revolution (Sony and Naik, 2020).
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As argued by Davis et al. (2014), sociotechnical systems can be applied and have a useful
impact beyond work design and new technologies such as in the management of crowd
events and environmental sustainability. In engineering design decision-making, a socio-
technical framework allows the concurrent examination of decision interdependencies, the
patterns of social interactions in knowledge requirements and stakeholders’ involvement in
and influence on decisions (Pirzadeh et al, 2021). Testing the developed socio-technical
framework showed that better design decision outcomes can be attained by aligning the
information interdependencies of the decisions and the social interaction patterns. This
framework can be applied to different project settings to help achieve effective interaction for
design decision-making.

When considering the utility of sociotechnical systems, this approach facilitates both
the creation and implementation of designs that are not only efficient but also centered
around the user experience. Specifically, it advocates for a collaborative synergy between
people (social systems) and technology (technical systems) for the effective functioning of
any organizational system (Appelbaum, 1997). For example, users participate in the system
design process, hence stakeholders directly contribute to many benefits such as the
technical functionality and organizational knowledge construction (Fischer and Herrmann,
2011). Researchers like Birasnav et al (2019) and Lee et al. (2008) have demonstrated
sociotechnical system’s role in boosting organizational performance. For example, studies
on the quality of work-life programs show how changes in organizational design can
elevate employee satisfaction and performance (Guest et al, 2022). Moreover, sociotechnical
systems foster flexibility and adaptability, essential for responding to changing customer
needs or integrating new technologies like artificial intelligence (Makarius et al., 2020; Manz
and Stewart, 1997). Finally, it helps mitigate failure risks that involve the integration of
human and technical factors (Rasmussen, 1997). Gallina et al (2014) have explored the
safety-related risks through a sociotechnical lens, providing insights on how safety
managers can control failing behaviors and prevent failures. Similarly, Bahaei ef al. (2019)
explored the risks within the augmented-reality applications given that a sociotechnical
lens can help effectively address interrelated concerns. In summary, the utility of
sociotechnical systems lies in their ability to build organizational environments that are
more effective, adaptive and successful.

This shows that the sociotechnical systems theory can be applied to different disciplines
and is impacting performance. The objective of the sociotechnical system approach is to
effectively blend the social and technical systems of an organization considering trade-offs
and the interdependent relationship between these two dimensions (Fox, 1995). With the
current trend of organizations seeking more productivity within the arising turbulent
environments, sociotechnical systems are more needed. Thus, the design and performance of
an organizational system will improve and meet its goals when both the technical and the
social elements are treated as interdependent parts of a complex system.

Sociotechnical nature of EVMS in project management

EVMS is a top allied discipline to project management in the management field of study
(Kwak and Anbari, 2009). Project management is a set of processes that use certain tools/
techniques to deliver several outputs from a set of inputs (PMI, 2017). It is based on several
process groups that range from defining a new project to completing this project passing
through planning, executing, monitoring and controlling. Within the earlier project
management research, there has been a lot of focus on the technical aspects; however,
studies focusing on the human aspects (leadership, team development, etc.) have been
trending since the 1990s (Kloppenborg and Opfer, 2002). As such it was made clear to the
academic community that project management is highly interrelated with social elements



and has a significant interconnection with social sciences (Turner et al, 2013). To this end, a
project has been claimed to be a “social process” or a “social system” (Turner ef al, 2013;
Soderlund, 2004). This fact-the social dimension of project management-helped researchers
identify ways for improving project processes by targeting the people, the methods, the tasks
and the project environment in addition to the technology (Lehtinen et al, 2014).

The technical dimension of project management is the base of its process and
performance; however, the social dimension seems to be playing a pivotal role in
improving such process. For example, McLeod and MacDonell (2011) empirically reviewed
the impact of social factors on software project development and project outcomes. O’Leary
and Williams (2013) developed a model of projects as social trajectories based on alignment
between the multiple perspectives of project stakeholders. This framework was used to
understand the effectiveness of the alignment process based on the social aspect of an
Information Technology (IT)-enabled business change project. Alias ef al. (2014) developed a
conceptual framework identifying five success factors of project management practice and
highlighted human-related factors, which cover the resources in terms of the people and the
culture, as one critical element influencing project performance.

On the topic of project performance, ample studies have been done on the impact of
various management practices on project performance (e.g. He et al, 2022; Eric et al., 2020). In
terms of EVMS, project performance has been carefully addressed from the angle of
complying with the technical guidelines to pass the client’s check, from the angle of cost and
schedule control, and from the angle of risk management (Kim and Pinto, 2019; Babar ef al,
2017). For example, Kim and Pinto (2019) presented a CPI decision support tool for visual risk
communication. Whereas Babar ef al (2017) developed a model that provides a better
estimate at completion and validated it on case studies. Both papers improve decision-making
regarding EVMS performance and result in improved overall project outcomes considering
that the control mechanism is more efficient. Although EVMS is characterized as a project
management mechanism, there has been no quantitative research in the literature that
examined project performance considering the roles of EVMS maturity and EVMS
environment that are expected to enable more efficient control, risk management and
reliable implementation.

The field of integrated project management and control has been focusing on integrating
static planning methods and risk analysis techniques with dynamic project control
approaches. As highlighted by Vanhoucke (2012), their defined integrated project
management system revolves around dynamic scheduling relying on baseline scheduling,
schedule risk analysis and project control. Schieg (2009) developed a six-stage model for
integrated project management in construction to integrate stakeholders with micro and
macroenvironment factors and with the project’s lifecycle and examined the impact of such a
proposition on project performance. This study is a perfect example of integrating the
environment factors expected to affect the efficiency with the project’s lifecycle in a
construction management project setting.

Nevertheless, as mentioned by Kim et al. (2003), EVMS is a project management and
project control mechanism making its success and efficiency in application, by substitution,
heavily reliant on the social factors in an organizational setting. Such social factors
collectively represent the environment surrounding the EVMS implementation, resulting
from research focus groups (Aramali ef al,, 2022b). And based on recent studies examining the
practitioners’ experience with EVMS, the social factors are introduced as the drivers for more
efficient technical implementation of EVMS (Rezouki and Mortadha, 2020). Thus, EVMS is a
sociotechnical system “technically” complying with the EVMS subprocesses guidelines
“facilitated” by a well-driven aligned environment. This is shown in Figure 1 which presents
the maturity sub-processes surrounded by the environment categories that enable achieving
their technical objectives.
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Figure 1.
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Source(s): Created by the authors

Gaps in the existing literature

In summary, research has proven that the sociotechnical system theory can be applied to
different disciplines and results in improved outcomes. Research has also addressed how
systems can achieve their goals when the technical and social outcomes play an
interdependent role in a complex system. Regardless of the efforts to address EVMS
limitations, effective integration between the social and technical dimensions in project
management is still in its infancy. This gap can be addressed by understanding the nature of
EVMS as a sociotechnical system and building on this system’s characteristics to develop a
performance-driven framework leading to effective implementation.

Research methodology

To test the research hypothesis and investigate the impact of EVMS maturity and
environment on project performance, the authors first hosted four IP2M METRR workshops
(each for five hours), to collect data from completed projects. In total, 31 industry
practitioners, with an average of 19 years of EVM experience and representing 23 unique
organizations applied the IP2M METRR on 35 projects worth $21.8 billion in total costs and
provided inputs on their EVMS maturity and environment, as well as information related to
project performance. All the projects in this sample are large complex projects from different
industries and spanning 17 different states in the United States. Their industries include
construction, defense, environmental, software, aerospace and science. Further details on the
projects, companies and practitioners are kept confidential to respect data confidentiality
agreements. The research method described in Figure 2 was followed after the data collection
workshops concluded.

In Step 1, the authors compiled the data collected from the workshops in a database. The
database included the 11 variables, shown in Figure 3, needed for the investigation as
identified by literature sources and the research team. These values (and more than 80 more
granular data points to support these values for each project) were collected confidentially
and voluntarily from the workshop participants.

The variables for which data were collected are split into two: project performance metrics
(five variables), and EVMS practice-related (six variables). Figure 3 portrays the project
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lifecycle times for which the variables were assessed; and the hatched lines group the project
performance-related and practicerelated variables together. For example, workshop
participants were asked to assess 56 EVMS maturity attributes and 27 environment
factors for each of their projects retroactively at a time of around 20% project completion,
whereas customer satisfaction was assessed at the project end. The EVMS components were
assessed at 20% project completion because this is the earliest time when EVMS gets
established based on the literature (e.g. Christensen and Heise, 1993; Christensen and Payne,
1992) and corroborated by the research team’s experts via focus groups. Evaluating EVMS
before 20% completion would not lead to accurate results (Kwak and Anbari, 2012) because a
realistic project baseline oftentimes has not been established before that point. The rest of the
variables were measured at project completion, which enabled capturing and studying the
impact of EVMS components on final project outcomes.

The project performance-related variables are all numerically “continuous” variables
recorded in percentages. They were recorded or calculated versus the project measurement
baseline (PMB) that was set at 20% project completion. For example, if cost growth equals
30%, it means, this PMB was overrun by 30% at the end of the project (Yussef et al, 2019;
Babar et al, 2017). The cost growth without change orders is the final project cost less the
absolute value of change order measured versus the PMB (Yussef et al,, 2019). The schedule
growth is measured versus the initially set baseline duration (Yussef et al, 2019). The change
absolute value represents the amount of change orders versus the PMB (Yussef ef al., 2019).
The CPI is a unitless measure of project cost efficiency (Kim and Pinto, 2019).

On the other hand, practice-related variables are “discrete” variables. The compliance
variable is defined as “The characteristics of an EVMS that ensures the intent of the EIA-748

Figure 2.
Research
analysis steps

Figure 3.

Assessed variables and
project performance
metrics
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Table 1.
Descriptive
statistics (V = 35)

EVMS guidelines is embodied in the integrated processes and subprocesses of a contractor’s
methods of operation that generate accurate and auditable project/program performance
data.” (NDIA, 2018). It was assessed by the IP2M METRR asking workshop participants a
yes/no binary question whether their EVMS was certified or not. The variables meeting
business objectives, customer satisfaction, and EVMS helped proactively manage the project
were all assessed on a 1-5 Likert scale, ranging from “very unsuccessful” to “very successful”
(Tariq et al, 2020; Kwak and Anbari, 2012; Kim et al,, 2003; Christensen and Heise, 1993).
Finally, the EVMS maturity score and EVMS environment score are “continuous” variables
(over 1,000 points) calculated based on the participants’ EVMS assessment at 20% project
completion time.

In Step 2, data descriptive statistics were generated to determine the mean, the median, the
standard deviation as well as the minimum and the maximum with respect to each variable
and are summarized in Table 1. Generating descriptive statistics helped to arrange and
interpret data (Chattamvelli and Shanmugam, 2023). In Step 3, the authors conducted linear
correlation and regression analyses. In these analyses, aggregated data in the form of
dependent (Y) and independent (X) variables are graphed on a scatterplot and the
independent variable is assumed to predict the behavior of the dependent variable (Moore
et al, 2010). The dependent variable was set to be the EVMS maturity score, and the
independent variable was set to be the EVMS environment score. According to the expert
EVMS practitioners on the research team, a key goal is to test and understand whether issues
related to the EVMS environment (e.g. communication between project team members;
leadership; funding availability; etc.) could statistically explain the behavior of EVMS
maturity (e.g. achieving a degree to which EVMS is compliant with standards and guidelines).
A linear regression model was used to test and the relationship between them (Waissi, 2015).

In Step 4, the authors developed a “heat map” by plotting the maturity scores against the
environment scores for each of the 35 projects, and then subdividing maturity and
environment into four different zones, with the zones being based on project performance and
score thresholds developed iteratively as discussed in more detail later (See Figure 4). The

Std.
Variables Mean  Median Dev. Min Max
Inputs (collected)
Initial Performance measurement baseline (PMB) 4734 112.0 976.9 31 3981.0
budget (in $M)
Final project cost (in $M) 662.1 150.0 1491.2 438 7500.0
Final cost performance index (unitless) 0.94 0.98 0.12 0.60 1.1
Absolute value of change orders (in $M) 375 11.0 61.6 0.0 266.0
Initial baseline project/program duration (in months) 50.3 480 20.7 80 96.0
Final project/program duration (in months) 56.0 485 258 20.0 132.0
Meeting business objectives (1-5 scale) 41 4.0 11 1.0 5.0
Customer satisfaction (1-5 scale) 41 4.0 11 1.0 50
EVMS helped proactively manage (1-5 scale) 35 4.0 0.9 1.0 50
Qutputs (calculated)
EVMS maturity score (out of 1,000) 657 703 182 78 898
EVMS environment score (out of 1,000) 657 686 158 200 897
Cost growth (in %) +56.1  +13.0 1214 -138 45379
Cost growth, without change orders (in %) +99 +0.0 36.7 —516  +147.1
Schedule growth (in %) +17.8 +2.1 46.6 —-200  +250.0
Change absolute value (in %) 533 138 122.2 0.0 5379

Source(s): Tables were created by the authors
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sample of projects is distributed across all four zones. Different thresholds for maturity and
environment cut-off scores to illustrate the data into different potential formats (e.g. matrix
and heat-map) were initially discussed and investigated based on statistical testing. The
results from steps 1 to 4 were shared with the research team in multiple focus group meetings
with an objective to interpret the results, and their feedback was collected. Based on this
feedback, “heat map” format was agreed upon. The reason was that this illustration (as a heat
map) could provide not only statistically significant research contributions, but also add
practical guidance and flexibility to industry practitioners when trying to improve the EVMS
maturity and environment for their project by moving from one zone to the next and
incrementally achieving higher scores (in successive yearly assessments, for example). The
final zone thresholds were set based on the maturity and environment cut-off scores from the
literature (Aramali et al,, 2022b, ¢) and augmented by the expert practitioners’ input; iterative
statistical analyses were performed to compare the performance of different project groups
concerning the nine project performance-related and practice-related variables. This
comparison aided in determining the final score thresholds for each zone. The differences
in project cost growth between these four zones were found to be statistically significant. The
authors did not observe greater statistically significant differences when selecting other
thresholds. Also, the zones allow practical flexibility for improvement throughout the
lifecycle of projects, when trying to move from a low zone to higher zones. The color coding of
the four zones is shown in Figure 4, with different threshold lines at maturity and
environment scores of 500, 700, 800 and 1,000.

In Step 5, descriptive statistics (mean, median, standard deviation, minimum and
maximum) were generated for each of the four zones: red, orange, yellow and green
(Chattamvelli and Shanmugam, 2023). Their analysis helped assess the project performance
within each zone. Then in Step 6, the authors conducted additional statistical analyses on the
performance differences between the finalized four heat map zones for two reasons. The first
reason is to empirically test the hypothesis that links EVMS maturity and environment with
project performance, thereby addressing the gap discussed earlier. The second reason is to
provide guidance to practitioners based on clear performance differences between projects
with different EVMS maturity and environment levels. The authors used Mann—Whitney U-
tests MW U test) and Kruskal-Wallis tests to examine the differences in performance
between the projects with the various levels of EVMS maturity and environment scores. In
preparation for these analyses, the Shapiro-Wilk normality tests were applied to the data
corresponding to each heat map zone. For each normality test, the null hypothesis HO states
that data is normally distributed, whereas the alternative hypothesis H1 states that data is
not normally distributed (Royston, 1983). P-values less than 0.05 (5% significance level) reject
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the null hypothesis, meaning the data is not normally distributed. Independent sample #-tests
were needed when comparing two groups to see if their data were found to be normally
distributed. In this case, the null hypothesis (HO) is that the mean values of the two groups
being tested against each other are equal, or nearly equal (Morrison, 2009). The alternate
hypothesis (H1) is that the mean values of the two groups being tested against each other are
not equal (Morrison, 2009). The associated p-value indicates if the null hypothesis is rejected
or if there is failure in rejecting it (Morrison, 2009). When the data between the two groups
tested against each other were not normally distributed, Mann—Whitney U test was applied,
which compares the medians (Corder and Foreman, 2014). The nonparametric Mann—
Whitney U test was also applied in the case of the discrete variables (Wilcox, 2009). When
comparing more than two groups of projects, the nonparametric Kruskal-Wallis test was
applied. The null hypothesis (HO) is that the distribution of all the groups being tested against
each other is the same (Ostertagova et al., 2014). The alternate hypothesis (H1) is that the
distribution of all the groups being tested against each other is not the same (Ostertagova
et al., 2014). If the associated p-value from the test was lower than 0.05, then the null
hypothesis was rejected, then at least one of the groups is different from the other groups. In
this case, tests that compare two groups were applied to identify where the differences
occurred. The results of these analyses are discussed next.

Results and findings

This section first presents descriptive statistics, followed by the relationship between
maturity and environment. Then the performance-based heat map is presented, before
concluding with the project performance results. Evaluating each of the 56 maturity
attributes and 27 environment factors for each project in the dataset resulted in a unique
EVMS maturity and environment score for every project. Table 1 shows the data
characteristics of the sample, including both maturity and environment scores, as well as
project performance data.

The relationship between EVIMS maturity and environment
The average maturity and environment scores for the sample were coincidentally the same, at
657 out of 1,000 points. The scores ranged from 78 to 898 for maturity (with a median of 703),
and from 200 to 897 for environment (with a median of 686). The [IP2M METRR was able to
gauge projects across a wide range of maturity and environment scores, demonstrating
diversity in the projects evaluated. Also, to ensure that maturity and environment were
reliably assessed and that these scores are representative of the two main dimensions,
Cronbach’s Alpha’s reliability tests were conducted on the assessment of the 27 environment
factors and 56 maturity attributes in the sample. The results show a Cronbach’s Alpha of 0.93
and 0.97, respectively, indicating a high degree of consistency (Tavakol and Dennick, 2011).
To study the relationship between the environment score and the maturity score, a
correlation analysis was conducted on the sample, as illustrated in the plot in Figure 5. The
research team’s hypothesis is that maturity is in part a function of the environment that the
team is exposed to, hence the tested dependency. This hypothesis is rooted in the existing
literature on socio-technical systems that highlights the importance of the social factors
shaping the system outcomes and performance in different fields (e.g. Pirzadeh et al, 2021,
Righi and Saurin, 2015). The authors are testing this specifically on large complex
government projects given the fact that the compliance with EVMS standards and guidelines
on such projects are contractual requirements (Bergerud, 2017; Bhaumik, 2016; Marshall,
2007). However, there is no limitation to applying the framework to projects even in the
absence of such contractual requirements.



The results showed a Pearson R-value of 0.835 (R = 0.69), which indicates a strong
correlation between the environment and the maturity scores, with a direct and positive
relationship between them which is significant (p-value = 0.001 < 0.05). The analysis
indicates that changes in the predictor variable (environment score) were significantly
correlated with the changes in the response variable (maturity score) in this sample. Projects
that can achieve a high-performing environment with the right people, culture, resources and
practices, appear to exhibit more mature EVMS subprocesses. This is the first time in the
EVMS literature that such a claim can be made based on statistically significant quantitative
assessments of both maturity and environment, backed up by more than $20 billion worth of
completed projects. The linear regression resulted in the following equation:

Maturity Score = (Environment Scove X 0.96) + 24.27 8]

This means that for each point increase in environment score, the maturity score is predicted
to increase by 0.96 points. The sample’s environment score accounts for 69% of the variance
seen in the maturity score. Interestingly, the authors later added scores from eight in-progress
projects to the sample collected independently, and the relationship was proven to be
similarly strong within the new sample of 43 projects, with an R value of 0.71 (compared to
0.69 with the first sample). These results are consistent with Ling et al. (2009) who found 46
significant relationships between social practices around project management processes.

One implication of these findings is that due importance should be given to the social
aspect when seeking improvements in the technical functionality of EVMS. The organization
must look at each unique project and find out the means of improving the EVMS environment
of the project, which in turn will lead to a more mature EVMS. This highlights how a reliable
EVMS viewed as a sociotechnical system enables opportunities for effectively integrating
project management while potentially achieving better performance outcomes. The latter
component of this statement is tested next.

The EVMS heat map

Each project for which data was collected is labeled as a dot on Figure 6, which plots the
maturity and environment scores in (x, ¥) format with x representing the environment score
and y representing the maturity score. The plot is superimposed with a performance-based
heat map.

An important finding based on Figure 6 is that within the sample of the 35 projects, no
project was found in the bottom right red area (i.e. having a high score in environment and
low in maturity). This indicates that the projects that excelled in their EVMS environment
had relatively mature EVMS subprocesses, which is consistent with the finding of the
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Figure 6.

EVMS maturity and
environment heat map
graph (V = 35)
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previous section. Furthermore, the scores spanned a considerable range from the lower left
corner all the way to the upper right corner of the heat map, with the largest concentration
between 500 and 800, allowing benchmarking a diverse sample of projects against one
another on this map.

Project performance impacts

In this section, the project performance results are discussed. When analyzing the
performance variables for projects within each heat map zone and calculating their
average values, the results are shown in Table 2.

Based on Kruskal-Wallis tests, statistically significant differences were found between
the four zones in cost growth, compliance, meeting business objectives and customer
satisfaction. To determine where these differences come from, the six-zone pairs were further
compared (i.e. green vs yellow, green vs orange and so forth) using MW U-tests for each of the
four significant variables. We will discuss a few of these key metrics next.

Cost Growth: In terms of cost growth, the MW U test results indicate that projects in the
red zone exhibit statistically significant differences in the median (p-value <0.05) compared to
orange, yellow, and green projects. The cost growth median of the red projects is 64.8%
higher than that of the green projects. Similarly, the green projects outperform orange
projects with statistically significant differences. Past research had found that the root causes

Performance metrics Red Orange Yellow Green p-value
Cost growth (in %) +92.3 +48.1 +13.7 -0.3 0.007*
Cost growth, without change orders (in %) +45.4 +6.3 +0.2 —44 0.093
Schedule growth (in %) +24.3 +26.9 +3.7 -59 0.102
Change absolute value (in %) 56.7 472 134 77 0454
Final cost performance index (unitless) 0.85 0.95 0.95 1.03 0.091
% of projects compliant with EIA-748-D 20.0% 71.5% 100.0% 100.0% 0.007*
Meeting business objectives (1-5 scale) 2.7 4.3 44 50 0.003*
Customer satisfaction (1-5 scale) 27 43 44 5.0 0.007*
EVMS helped proactively manage (1-5 scale) 2.7 35 39 40 0.105

Note(s): *denotes p-values that are less than 0.05, meaning the observed differences between the heat map
zones are statistically significant in this sample based on Kruskal-Wallis tests
Source(s): Tables were created by the authors




of low maturity in EVMS application and project cost growth are in part related to poor risk
management (risk identification, risk analysis, risk integration to EVMS) (Aramali ef al,
2022c; Alleman et al, 2018). Projects with low maturity and environment scores can
potentially improve by integrating project risk with EVMS to produce more reliable data that
informs decision-making.

Compliance: The majority (75%) of the projects in the sample have a certified or compliant
EVMS at 20% project completion time. This certification is typically provided by the
government owner when the contractor's EVMS conforms with the EVMS EIA-748-D
guidelines and when the data outputs from EVMS are “reliable, timely, and actionable” per
current traditional compliance assessment methods (NDIA, 2018; Kester et al., 2015). All the
projects in the green and yellow zones were compliant with EIA 748-D. In contrast, the
majority of the projects (80%) in the red zone were non-compliant projects.

Business Objectives and Customer Satisfaction: Interestingly, the average values in
meeting business objectives and in customer satisfaction were equal and consistent with
each other in all zones for this sample. As the projects reached higher scores in maturity and
environment, they performed better and more successfully achieved business objectives
and drivers, customer satisfaction and proactive use of EVMS. In both meeting business
objectives and achieving customer satisfaction variables, red zone projects significantly
underperformed compared to orange, yellow, and green projects (p-value <0.005) according
to MW U test results. These results align with the earlier findings of Andersen and Jessen
(2003) stating that the knowledge and attitudes of team members are strong drivers for
better practices in project management hence mastering the business basics and achieving
project goals. Also, these results seem to prove that the benefits of assessing EVMS
maturity and environment are similar to the benefits of the organizational project
management maturity model (PMI, 2013). Key benefits from the literature included
improved customer satisfaction, better market share, compliance with best practices and
effective project management.

In summary, these key results affirm the hypothesis that higher EVMS maturity and
environment scores are positively correlated with project performance; specifically in terms
of cost growth, compliance, meeting business objectives and customer satisfaction. They
provide strong evidence indicating that projects with high EVMS maturity and good EVMS
environment significantly outperform projects with low EVMS maturity and poor EVMS
environment in at least four significant variables, according to this sample of $20 billion
worth of projects. Authors suggest that there is a need for organizations to pay serious
attention to any ongoing project that scores less than 500 in both maturity and environment,
specifically adding new environment evaluations to support the custom practices of meeting
maturity and compliance expectations.

The key recommendation related to truly integrated project management by allocating
effort to the social environment surrounding the EVMS, has led to a positive paradigm shift in
project management for one of the nation’s largest government organizations today. In fact,
effectively implementing EVMS as a sociotechnical system aligns with and reinforces earlier
findings discussed by researchers including Rode et al (2022) and Kwak and Anbari (2012)
and many others, while also developing a detailed framework to help gauge, assess and score
individual attributes and factors, complete with identification of gaps and corrective actions,
and linked to project performance. One industry reviewer used the terms “the holy grail of
project management” as part of his reaction to this new framework. Another government
participant representing NASA included “cracking the code” as part of their feedback on the
final work. At the same time, authors understand that the performance results, like for any
study, faces limitations stemming from the sample of projects used, and that this framework
will continue to be improved as more data is collected and as it continues to be used by
industry and government in the years to come.
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Conclusion and recommendations

The authors analyzed more than 2,800 data points collected from 35 completed projects and
studied the interdependent impact of EVMS technical and social variables on project
performance; no such investigation has been conducted to date. The data was collected through
workshops where participants used the novel IP2M METRR framework, an assessment model
that measures an EVMS'’s maturity and environment by aggregating the scores of 56 maturity
attributes and 27 environment factors, each assessed individually. The collected data were
analyzed statistically to examine whether higher scores in maturity and environment are
positively correlated with project performance and whether implementing EVMS as a
sociotechnical system helps achieve efficient integrated project/program management and
influences project success. First, it was found that maturity and environment scores ranged
from 78 to 900 (out of 1,000 possible points) in the sample of projects studied here, with the
highest percentage of the projects scoring between 500 and 800. Second, the results showed
statistically significant differences related to both maturity and environment, in terms of cost
growth, compliance with EIA-748-D guidelines, meeting project objectives and business
drivers, and customer satisfaction. These differences were found between the projects and
programs that were implementing an effective EVMS with reliable data versus those that were
less committed to EVMS. Empirical evidence in key findings included the statistically
significant differences where projects that had low EVMS maturity and poor EVMS
environment incurred 64.8% greater cost overruns than those that exhibited high EVMS
maturity and environment. Third, EVMS environment and maturity were found to be strongly
and positively correlated with one another in this sample. Projects that achieved excellence in
their environment had the most mature EVMS subprocesses. Based on the collected data, IP2M
METRR was proven to be an effective novel framework for measuring EVMS maturity and
environment of various industry sectors’ large and complex projects and programs.

In addition, the contributions of this research included the creation of an EVMS heat map
that displays where a given project stands in terms of EVMS maturity and environment (in one
of thered, orange, yellow, or green zones). The IP2M METRR heat map is an insightful guide for
practitioners in visualizing their projects across both dimensions and can be also used to
benchmark this project against others internally and externally. Moreover, the IP2M METRR
model has recently been coded into a practitioner’s webtool which is being currently used by
federal agencies to assess their [IP2M maturity and environment using EVMS for the some of
the nation’s largest and most critical projects and programs. As a major paradigm shift from
legacy EVMS practices, the novel IP2M METRR assessment model shifts away from binary
compliance assessments focusing entirely on guideline adherence to a more tailorable model
that scales across two different dimensions and out of 1,000 points in each dimension.

The research team recommends the use of the [IP2M METRR across a project lifecycle, to
highlight human and technical parameters that are essential for an effective EVMS
implementation for integrating project and program management. Emphasis must be given
to the human aspect around project controls because it is an upstream dimension that affects
the maturity of EVMS subprocesses and project outcomes. This environment dimension,
which has always been around but has now been newly formalized and tested versus
performance, not only includes the adequate expertise of the project team members (people),
but also the appropriate team size, their values and beliefs (culture), their professional
training, effective coordination (practices) and the availability of the right technology
(resources), among others (Gibson et al.,, 2022). This recommendation may serve as a guide to
organizations to improve their integrated project and program management relying on
EVMS sociotechnical systems. One limitation of this study is that the conclusions are based
on the sample of projects used in the study. Even though the sample size was adequate for the
work and statistical tests, caution should be used in generalizing the findings to all projects.



In future studies, the sample of projects could be further increased and broadened by
incorporating projects on other continents as well.
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